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ABSTRACT 

The extensive applicability and diverse characteristics of metallic oxide nanomaterials in the fields of 

sustainable remediation, biology, and electronics render them a promising material. Among the various 

metal oxides, zinc oxide (ZnO) nanoparticles are particularly noteworthy due to their high exciton binding 

energy (60 meV) and wide band gap (3.37 eV). Techniques such as metallurgical processes, sol-gel 

methods, mechanochemical approaches, and laser ablation have all been employed to synthesize ZnO 

nanoparticles. In comparison to more traditional techniques, green synthesis is considered more stable, less 

hazardous, and more cost-effective. Any part of the plant—including the stem, leaves, flowers, fruit, and 

roots—may be utilized as the phytochemical concentrate, which functions as a capping and reducing agent 

during the synthesis process. In addition to aqueous plant extract, a precursor such as zinc acetate dihydrate, 

zinc sulfate, or zinc nitrate is incorporated during the synthesis. Among the various reducing and capping 

agents found in the plant extract are phenolic acids, flavonoids, alkaloids, terpenoids, proteins, 

polysaccharides, saponins, and tannins. Furthermore, fungi, bacteria, algae, and plant extracts may all be 

employed in green synthesis. This study thoroughly examines the different plant extracts utilized in the 

production of ZnO nanoparticles. Additionally, this publication delivers an outline of current advancements 

in the synthesis of zinc oxide nanoparticles using fungi, bacteria, and algae. 

Keywords: - ZnO nanoparticles, Green synthesis, Plant extract, Fungi, Bacteria, Algae 
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1. INTRODUCTION AND OBJECTIVES OF WORK 

1.1. Background of Study 

The subject of material science has made substantial use of nanotechnology in recent decades. The first 

effort at this concept was made by American physicist Richard Feynman in his 1959 lecture [1]. 

Nanotechnology focuses on the fabrication of matter at the nanometre scale level, generally in the range of 

1-100 nanometres (nm), including metal nanowires [3], carbon nanotubes [2], and nanoparticles with 

unique mechanical and electrical properties. Nanoparticles are very interesting due to their minute size and 

extensive surface area-to-volume ratio [4], which gives them enhanced attributes than their bulk state, 

including antibacterial, magnetic, optical capabilities, catalytic, and electrical [5]. 

1.2. Zinc Oxide Nanoparticles 

Zinc oxide (ZnO) and Titanium (IV) dioxide (TiO2) are examples of metal oxide nanoparticles that were 

broadly analyzed by several researchers owing to their high potential under challenging processing 

circumstances [6]. The metallic oxide nanomaterial, like zinc oxide nanoparticles (ZnO NPs), possesses a 

density of 5.606 g cm-1, is insoluble in water, and has a refractive index of 2.0041. They are also nontoxic. 

It also has a high boiling 1975°C and a melting temperature of 2360°C. The hexagonal-wurtzite atomic 

arrangement of ZnO is demonstrated in Figure 1, where atomic oxygen (white orbs) is tetrahedrally coupled 

to zinc atoms (black orbs). 

 

Figure 1. Hexagonal-Wurtzite structure of Zinc Oxide 

The most alluring aspect of employing ZnO NPs is their wide range of applications, some of which are 

observed in Figure 2. 
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Figure 2. Application of Zinc Oxide Nanoparticles 

ZnO NPs are semiconductor materials with a large excitation binding energy of 60 MeV and a broad band 

gap energy of 3.37 eV [7]. ZnO NPs are another potent photocatalyst that can be used to degrade organic 

dyes because of their semiconductor characteristics, which are similar to those of TiO2 NPs, a well-known 

system that has a 3.2 eV band gap energy [8]. 

1.2.1. Synthesis Methods of Zinc Oxide Nanoparticles 

Researchers have described a variety of synthetic approaches for creating the nanoparticles represented in 

Figure 3. 

 

Figure 3. Methods of fabrication 
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Controlled synthesis of nanoparticles with targeted properties like shape, size, and physicochemical 

characteristics relies on optimized reaction parameters, particularly pressure and temperature during the 

reaction, along with the careful selection of a stabilizing agent to prevent agglomeration and a reducing 

agent to convert the metal ion precursor [9]. Classical synthesis techniques commonly involve non-eco-

friendly chemical and physical agents for reduction and stabilization that are detrimental to the ecosystem. 

Moreover, these approaches are generally expensive, utilize a significant amount of energy, and produce 

toxic by-products. [10]. 

However, a more environmentally friendly method of production using the biological method can 

effectively reduce these issues. This technique uses plant extract or microorganisms like fungi and bacteria. 

According to reports, plant extract is more advantageous than microbes because it doesn't require expensive 

isolation, cultivation, or maintenance, and it can produce a high yield quickly enough for industrial scale 

consideration [11]. Due to the diversity of bioactive components, including alkaloids, terpenoids, tannins, 

phenolics, amino acids, proteins, enzymes, polysaccharides, saponins, and vitamins, plant extracts serve as 

effective alternatives to traditional stabilizing and reducing agents [12]. Furthermore, because some fruit 

peels are readily available and also rich in these bio-components, different fruit peel extracts are of 

significant interest because they share some characteristics with the plant extract. It is a very good practice 

in the interim since it reduces the environmental impact of the waste produced and makes full use of it, 

which strongly satisfies the green chemistry criteria. Research shows that banana peel extract is a valuable 

resource for nanoparticle synthesis due to its rich composition of dopamine, L-DOPA, and a mix of reducing 

agents and stabilizing macromolecules such as lignin, pectin, and hemicellulose [13]. Dopamine and L-

DOPA are catecholamines with potent antioxidant action because they have a catechol functional group 

[14,15]. 

Objectives of work 

• A study reviewing the use of plant extracts, fungi, bacteria, and algae for the synthesis of Zinc 

Oxide nanoparticles, focusing on the mechanism of synthesis, particle size, precursor used, and 

specific characteristics such as shape and calcination temperature. 

• To fabricate Zinc Oxide nanoparticles via plant-based synthesis by utilizing leaf extracts of 

different plants such as Citrus limon (lemon), Azadirachta indica (neem), Syzygium cumin (jamun), 

Punica granatum (pomegranate), Parthenium hysterophorus (congress grass), and to analyze of 

synthesized nanoparticles using analytical techniques like UV-Vis spectroscopy, zeta potential, and 

particle size analysis. 
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2. LITERATURE REVIEW 

We will likely be surrounded by nanotechnology in the near future, as it could be the next big thing in 

science. From its inception as a potent tool for basic and applied science, it has garnered significant interest 

within the scientific community. While biology offers nanotechnology inspiration models and bio-

assembled components, nanotechnology itself provides the tools and technological platform for studying 

and transforming biological systems. Nanobiotechnology is the application of nanoscale ideas and 

techniques to understand and modify bio systems (both living and non-living) through the development of 

novel devices and systems integrated from the nanoscale using biological principles and materials [16]. 

Measurements at the subcellular level and our understanding of the cell as a highly ordered, self-repairing, 

self-replicating, information-rich molecular machine have both advanced significantly [17] and [18]. 

Smalley divided nanotechnologies into two categories: wet and dry. The former was used to describe living 

biosystems, while the latter was used to study man-made objects at the nanoscale [19]. It is increasingly 

common for commercially available products to contain nanoparticles. 

Figure 4 highlights several biobased materials that offer a sustainable approach for the fabrication of zinc 

oxide nanoparticles. The image shows two main biobased sources for the synthesis process: microbes and 

plants. ZnO nanoparticles can be formed from several plant materials, such as leaves like those of 

Azadirachta indica (neem) and Berberis aristata (Indian barberry); fruits like those of Myristica fragans 

(nutmeg) and Alianthus altissima (tree of heaven); flowers like those of Hyssopus officinalis (Jufa) and 

Vinca rosea (Madagascar periwinkle); stems like those of Amygdalus scoparia (wild almond) and Jatropha 

(nettle spurge); seeds like those of Mangifera indica (mango) and Grapes; roots (like those of Beta vulgaris 

(beetroot); and fruit peel, such as the Punica granatum (pomegranate). ZnO nanoparticles can also be 

synthesized using microorganisms such as bacteria (like Pseudomonas aeruginosa and Lactobacillus 

sporogens), fungi (like Aspergillus fumigatus and Cordyceps militaris), and algae (like Sargassum muticum 

and Spirogyra hyaline). 
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Figure 4. Biobased compounds employed to generate ZnO nanoparticles via green synthesis 
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2.1. Plant leaves used for the synthesis of ZnO nanoparticles 

Plant leaves from several classes of species are used to synthesize ZnO nanoparticles; some of these are included in 

Table 1, like Aloe barbadensis, Azadirachta indica, Berberis aristata, Calliandra haematocephala, Calotropis 

gigantea, Camellia sinensis, Cassia fistula, Corymbia citriodora, Dlichos lablab L., Eucalyptus globules, Justicia 

wynaadensis, Laurus nobilis, Leea asiatica, Melia azedarach, Origanum majorana, Pelargonium zonale, Pisonia 

alba, Prosopis farcta, Raphanus sativus var. Longipinnatus, Solanum nigrum, and Vinca rosea which consist of 

reducing agents like polyphenols (aloin), Terpenoids (Nimbin, Azadirachtin), Alkaloids (Bis isoquinoline), Flavonoids 

(Myricitrin, Quercitrin), Flavonoids (Kaempferol, Varinging), Polyphenols (Catechins), Flavonoids (Porocyanidin, 

Biflavonoids), Terpenoids (Cintronellal and Linalool), Flavonoids (Kievitone),  Aldehyde (Citronellal), 

Phenyloxazole, Aporphinic alkaloids (Cryptodorin and Actinodaphnin), Sorbitol, Limonoids (Azadirachtin, Nimbin, 

Melianoninol), Hydroquinone, Alkaloid (Quinine), Stigmasterol, Alkaloid (5-hydroxytryptamine, Tryptamine), 

Tannins, Flavonoids (Naringenin, Rutin), and Alkaloids (Vinblastine, Vincristine, Vindollidine, Vindoline, 

Vindolicine) respectively, showing different morphologies like spherical shaped, hexagonal disk-shaped, needle-like 

shape, flower-like shape, irregular shaped, polyhedron shaped, triangular shaped, rod-like shape and quasi-spherical 

shape, and have the particle size distributed from 2 nm - 728 nm [20-40]. 

 

Table 1. Plant leaves used for the synthesis of ZnO nanoparticles 

Sr. 

No

. 

Plant 

Name 

Reducing 

Agents 

Size 

(nm) 

Precursor used Precursor 

Concentra

tion 

Specifications 
 

Refe

renc

e 

1. Aloe 

barbadens

is 

(Aloe 

vera) 

Polyphenols 

(aloin) 

20-

40 

[Zn(NO3)2.6H2O] 0.1 M Spherical in 

shape 

Calcination: 

Temp.: 500 °C 

Time: 1 hour 

[20] 

2. Azadiracht

a indica 

(Neem) 

Terpenoids 

(Nimbin, 

Azadirachtin), 

Flavonoids 

(quercetin) 

11-

40 

[Zn(CH3COO)2.2

H2O] 

2 M Hexagonal 

disk-shaped 

[21] 

3. Berberis 

aristata 

(Indian 

barberry) 

Alkaloids (Bis 

isoquinoline, 

protoberberine

) 

5-25 [Zn(CH3COO)2.2

H2O] 

0.1 M Needle-like 

shape 

[22] 

https://doi.org/10.3390/cryst11040344
https://doi.org/10.1016/j.mssp.2014.12.053
https://doi.org/10.1016/j.msec.2019.04.035


7 

 

4. Calliandra 

haematoce

phala 

(Red 

powder 

puff) 

Phenolic acids 

(Gallic acid, 

Caffeic acid), 

Flavonoids 

(Myricitrin, 

Quercitrin, 

Isoquercitrin) 

6-30 [Zn(CH3COO)2.2

H2O] 

0.05 M Flower-like 

nanostructures 

[23] 

5. Calotropis 

gigantea 

(giant 

milkweed) 

Flavonoids 

(Kaempferol, 

Varinging, 

Quercitrin, 

Hespritin) 

Phytol, 

Tannins, 

Sitosterol, 

Glucoside, 

Sigmasterol, 

Quinine, 

ellagic acid, 

Acalyphamide, 

2-

Methylanthraq

uinone, Resins, 

Tri-O-Methyl 

8-12 [Zn(CH3COO)2.2

H2O] 

 

200 mM Spherical 

shaped 
 

[24] 

6. Camellia 

sinensis 

(Tea Plant) 

Polyphenols 

(Catechins), 

Flavonoids 

(Quercetin), 

Phenolic acids 

(Gallic acid, 

Caffeic acid), 

6–

112 

[Zn(NO3)2.6H2O] 

 

0.1 M Spherical in 

shape 

[25] 

https://doi.org/10.1016/j.jphotobiol.2019.111760
https://doi.org/10.1007/s13204-017-0586-7
https://doi.org/10.1007/s11164-022-04845-z
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Alkaloids 

(Caffeine) 

7. Cassia 

fistula 

(golden 

shower) 

Flavonoids ((-

)-

Epiafzelechin, 

(-)-

Epiafzelechin-

3-O-glucoside, 

(-)-

Epicatechin, 

Porocyanidin, 

Biflavonoids, 

Triflavonoids) 

5-15 [Zn(NO3)2.6H2O] 

 

2 M 

 

Sponge-like 

irregular 

shaped 

Calcination 

Temp.: 400 ± 

10 ℃ 

[26] 

8. Corymbia 

citriodora 

(Lemon 

scented 

gum) 

Terpenoids 

(Cintronellal 

and Linalool), 

Flavonoids 

(Catechin), 

Phenolic acid 

(Gallic acid, 

Protocatechuic 

acid, p-

Coumaric 

acid) 

20-

120 

[Zn(NO3)2.6H2O] 

 

0.5 M Polyhedron 

shaped 

[27] 

9. Dolichos 

lablab L. 

(Hyacinth 

bean) 

Oxalate, 

Saponin, 

Alkaloids, 

Polyphenols, 

Flavonoids (k 

Kievitone). 

36 [Zn(CH3COO)2.2

H2O] 

 

2.73 mmol Hexagonal and 

triangular-

shaped 

[28] 

 
 

https://doi.org/10.1016/j.mssp.2014.12.023
https://doi.org/10.1080/17518253.2015.1075069
https://doi.org/10.1039/C9RA07630A
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10. Eucalyptu

s globules 

(blue gum) 

Carvacrol 

(Phenolic 

compound), 

Citronellal 

(Aldehyde), 

Myrtenal, and 

Borneol 

(Monoterpenoi

ds) 

52-

70 

[Zn(NO3)2.6H2O] 

 

1 mM Spherical 

shaped 

[29] 

11. Justicia 

wynaaden

sis (Nees) 

1,3,5-

Trioxane, 

Coumarin (2H-

1-Benzopyran-

2-One), 2-

D(1)-4-

Phenyloxazole

, 1,3,4,5-Terta-

O-

Acetyl,2,6,7-

Tri-O-Methyl-

D(1)-Heptitol 

39 [Zn(NO3)2.6H2O] 

 

0.33 M Hexagonal 

shaped 

Calcination 

Temp: 350 ℃ 

Time: 3 hours 

[30] 

12. Laurus 

nobilis 

(Bay 

laurel) 

Aporphinic 

alkaloids 

(Cryptodorin 

and 

Actinodaphnin

e), 

Flavonoids 

(Kaempferol), 

Phenylpropano

ids (Eugenol, 

Methyl 

20-

30 

[Zn(NO3)2.6H2O] 

 

0.84 M 

 

Spherical 

shaped 

Calcination 

Temp: 400 ℃ 

Time: 3 hours 

[31] 

https://doi.org/10.3390/biom10030425
https://doi.org/10.1016/j.bcab.2019.101024
https://doi.org/10.1088/2053-1591/ab3cd6
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eugenol), 

Sesquiterpenes 

(Dehydrocostu

s lactone, 

Santamarine), 

Monoterpenes 

(Limonene, 

Eucalyptol), α-

Tocopherol 

(vitamin E), 

and β-

Sitosterol 

13. Leea 

asiatica 

(Asian 

leea) 

Diethyl 

mercaptal 

(diethyl 

sulfide), 

Sorbitol, 

Butanediol, 

Sulfide. 

27-

728 

[Zn(CH3COO)2.2

H2O] 
 

1 M Rod-like shape 

Calcination 

Temp: 500 ℃ 

Time: 2 hours 

[32] 

14. Melia 

azedarach 

(Cape 

lilac) 

Flavonoids 

(quercetin, 

Rutin), 

Limonoids 

(Azadirachtin, 

Nimbin, 

Melianoninol), 

Phenolic 

compounds 

(Tannins). 

2.72 [Zn(CH3COO)2.2

H2O] 

 

0.01 M Spherical 

shape 

[33] 

15. Origanum 

majorana 

Hydroquinone, 

Phenolic 

terpenoids, 

19 [Zn(NO3)2.6H2O] 

 

1.82 M 

 

Hexagonal 

shaped 
 

[34] 

https://doi.org/10.1016/j.jbiotec.2021.01.022
https://doi.org/10.1038/s41598-020-65949-3
http://dx.doi.org/10.15406/jnmr.2018.07.00175
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(Marjoram

) 

Triacontane, 

Phenolic 

glycosides, 

Sitosterol, 

Flavonoids, 

Tannins 

16. Pelargoni

um zonale 

(Geranium

) 

Glucuronic 

acid, 

Flavonoids, 

Tannins, 

Phenolic 

compounds, 

Amide I group, 

Alkaloid 

(Quinine) 

61 [Zn(NO3)2.6H2O] 

 

0.33 M Spherical 

shaped 

Calcination 

Temp: 400 ℃ 

Time: 2 hours 

[35] 

17. Pisonia 

alba 

(Birdlime 

tree) 

D-Pinitol, 

Phytol, 

Stigmasterol, 

Phenolic 

compounds, 

Flavonoids 

14.0-

14.1

7 

[Zn(CH3COO)2.2

H2O] 

 

0.1 M Hexagonal 

Calcination 

Temp: 500 °C 

Time: 2 hours 

[36] 

18. Prosopis 

farcta 

(Syrian 

mesquite) 

Phenolic 

compounds, L-

arabinose, 

Lectins, 

Alkaloid (5-

hydroxytrypta

mine, 

Tryptamine), 

Flavonoids 

(Apigenin, 

40–

80 

[ZnSO4] 

 

3 mM Hexagonal 

Calcination 

Temp: 600 °C 

Time: 2 hours 

[37] 

https://doi.org/10.1515/gps-2018-0097
https://doi.org/10.1016/j.apsadv.2023.100400
https://doi.org/10.1016/j.msec.2019.109981
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Quercetin), 

Tannins 

19. Raphanus 

sativus 

var. 

Longipinn

atus 

(winter 

radish) 

Flavonoids, 

Tannins, 

Phenolic 

compounds, 

Alkaloids. 

66.4

3 

[Zn(CH3COO)2.2

H2O] 
 

0.1 M Hexagonal and 

spherical in 

shape 
 

[38] 

20. Solanum 

nigrum 

(Black 

nightshade

) 

Glycoproteins, 

Glycoalkaloids

, Phenolic 

compounds 

(Gallic acid, 

Protocatechuic 

acid (PCA), 

Caffeic acid), 

Flavonoids 

(Epicatechin, 

Catechin, 

Naringenin, 

Rutin) 

20-

30 

[Zn(NO3)2.6H2O] 

 

0.33 M Quasi-

spherical 

shaped 

Calcination 

Temp: 400 ℃ 

Time: 2 hours 

 

[39] 

21. Vinca 

rosea 

(Pink 

Periwinkle

) 

Alkaloids 

(Vinblastine, 

Vincristine, 

Vindollidine, 

Vindoline, 

Vindolicine) 

16–

41 

[Zn(NO3)2.6H2O] 

 

0.3 M Hexagonal 

Calcination 

Temp: 550 °C 

Time: 2 hours 

[40] 

 

2.2. Plant stem used for the synthesis of ZnO nanoparticles 

The stem of several plant species have served as precursors for the fabrication of ZnO nanopartilces, some of which 

are listed in Table 2 like Cissus quadrangularis L., Gliricidia sepium, Mussaenda frondosa L., Nepeta nepetella, and 

https://doi.org/10.1016/j.btre.2021.e00595
https://doi.org/10.1016/j.saa.2014.09.105
https://doi.org/10.1016/j.molstruc.2022.133139
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Nicotiana tabacum which consist of reducing agents like nitroso and butanoic acid, p-coumaric acid and caffeic acid, 

tannins, iridoid triterpenes and monoterpenes, and lupeol, oleanolic acid, anthocyanins, and ursolic acid respectively, 

showing different morphologies like spherical shaped, hexagonal shaped and rod-like shape, and have the particle size 

distributed from 8 nm - 182 nm [41-45]. 

 

Table 2. Plant stem used for the synthesis of ZnO nanoparticles 

Sr. 

N

o. 

Plant Name Reducing 

Agents 

Size 

(nm) 

Precursor used Precursor 

Concentra

tion 

Specifications Refe

renc

e 

1. Cissus 

quadrangul

aris L. 

(Veldt 

grape) 

DL-

Methyltartron

ic acid, 2-

hydroxy-2-

methyl, 

Nitroso, 

Butanoic 

acid, Tri 

fluoroacetoxy

pentadecane, 

methyl ester 

88-

182 

[Zn(CH3COO)2.2

H2O] 

 

1 mM Spherical 

shaped 

 

[41] 

2.  Gliricidia 

sepium 

(Mexican 

lilac) 

Apegnin-7-

O-glucoside, 

p-coumaric 

acid, caffeic 

acid, p-

hydroxybenz

oic acid, 

cinnamic 

acid, Syringic 

acid, 

quercetin, 

protocatechui

c acid and 

8.45 [Zn(CH3COO)2.2

H2O] 

 

0.02 M Hexagonal 

shaped 

 

[42] 

https://doi.org/10.51470/PSA.2024.9.1.01
https://doi.org/10.1016/j.bioorg.2024.107225
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Ferulic acid, 

Vanillic acid 

3.  Mussaenda 

frondosa L. 

(Dhobi tree) 

Amides 

present in 

proteins 

(aliphatic and 

aromatic), 

carboxylic 

acids, 

Phenolic 

compounds, 

Flavonoids, 

Tannins 

9-12 [Zn(NO3)2.6H2O] 

 

0.33 M Spherical 

shaped 

Calcination 

Temp: 400℃ 

Time: 10-15 

minutes 

[43] 

4.  Nepeta 

nepetella 

(Lesser Cat-

mint) 

Coniferin, p-

coumaric 

acid, 4-

hydroxybenz

oic acid, 

ferulic acid, 

vanillic acid, 

nepetoidin B, 

rosmarinic 

acid, Caffeic 

acid, iridoid 

triterpenes, 

and 

monoterpene

s 

18.1 

± 1.3 

[ZnSO4] 

 

0.5 M Spherical 

shape 

Calcination 

Temp: 500 ℃ 

Time: 2 hours 

[44] 

5.  Nicotiana 

tabacum 

(Tobacco) 

Lupeol, 

oleanolic 

acid, 

anthocyanins, 

15 [Zn(CH3COO)2.2

H2O] 

0.16 M Rod-like shape 

Calcination 

Temp: 400 ℃ 

[45] 

https://doi.org/10.1007/s13204-020-01382-2
https://doi.org/10.3390/ma17122853
https://doi.org/10.1080/15226514.2024.2379605
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ursolic acid, 

quercetin, 

proanthocyan

idins, 

kaempferol, 

sitosterol 

Time: 3 hours 

 

2.3. Plant roots used for the synthesis of ZnO nanoparticles 

The roots of several plant species have been employed to fabricate ZnO nanoparticles; some of these are included in 

Table 3 like Phoenix dactylifera, Polygala tenuifolia, Rubus fairholmainus, Rumex abyssinicus Jacq., Scutellaria 

baicalensis, and Zingiber officinale which consist of reducing agents like Phenolic compounds (Gallic acid, Caffeic 

acid), saponins (3,4,5-tri-methoxy-cinnamic acid, onjisaponins A, B, C, D, E, F and G), benzoic acid and benzoate, 

anthraquinones and phlobataine, flavonoids (Baicalin, Wogonoside), and Terpenes (Borneol, Geraniol, Limonene, 

Linalool, α-Zingiberene) respectively, showing different morphologies like spherical shaped and irregular-spherical 

shape, and size of particles distributed from 11 nm - 74 nm [46-51]. 

Table 3. Plant roots used for the synthesis of ZnO nanoparticles 

Sr. 

No

. 

Plant Name Reducing 

Agents 

Size 

(nm) 

Precursor used Precursor 

Concentra

tion 

Specifications Refe

renc

e 

1. Phoenix 

dactylifera 

(Date palm) 

Phenolic 

compounds 

(Gallic acid, 

Caffeic acid, 

Flavonoids 

(Kaempferol

, Quercetin, 

Saponins), 

Tannins 

30.8

7-

47.8

9 

[Zn(CH3COO)2.2

H2O] 

 

0.6 M Spherical 

shape 

Calcination 

Temp: 450 ℃ 

Time: 3 hours 

[46] 

2.  Polygala 

tenuifolia 

(Chinese 

senega root) 

Xanthone 

derivatives, 

Triterpenes, 

saponins 

(3,4,5-

33.0

3-

73.4

8 

[Zn(NO3)2.6H2O] 

 

0.1 M Spherical 

shape 

[47] 

https://doi.org/10.1007/s13204-021-01837-0
https://doi.org/10.1016/j.jphotobiol.2015.02.008
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trimethoxy-

cinnamic 

acid, 

onjisaponins 

A, B, C, D, 

E, F, and G, 

1,2,3,6,7-

penta-

methoxyxant

hone, 6-

hydroxy-

1,2,3,7-

tetramethoxy

xanthone), 

Flavonoids 

(Linarin, 

Isorhamnetin

, 

Kaempferol, 

Quercetin) 

3.  Rubus 

fairholmain

us 

(Vettilamull

u) 

Isopentyl 

benzoate, 

Cis-2-

(isopentylox

ycarbonyl) 

benzoic acid, 

4-

methylpentyl

, 2-(5-

methylhexyl

) benzoic 

acid, 

benzoate, 3-

11.3

4 

[Zn(NO3)2.6H2O] 

 

0.5 M Spherical 

shape 
 

[48] 

https://doi.org/10.3390/molecules26103029
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(iminomethy

l)-2,4-

dimethylphe

nol, 

4.  Rumex 

abyssinicus 

Jacq. 

(Spinach 

rhubarb) 

Anthraquino

nes, 

Phlobataine, 

Polyphenols, 

Tannins, 

Flavonoids, 

Alkaloids 

15 [Zn(CH3COO)2.2

H2O] 

 

0.05 M Spherical and 

irregular in 

shape 

Calcination 

Temp: 500 ℃ 

[49] 

5.  Scutellaria 

baicalensis 

(Chinese 

skullcap) 

Flavonoids 

(Baicalin and 

its aglycone 

Bacialein, 

and 

Wogonoside 

and its 

aglycone 

Wognin) 

50 [Zn(NO3)2.6H2O] 

 

1 mM Spherical 

shape 

[50] 

6.  Zingiber 

officinale 

(Ginger) 

Flavonoids, 

Phenolic 

compounds 

(gingerols, 

shagols, 

zingerone), 

Paradol, 

Terphineol, 

Terpenes 

(Geraniol, 

Linalool, 

Limonene, 

30-

50 

[Zn(CH3COO)2.2

H2O] 
 

0.01 M Spherical 

shape 
 

[51] 

https://doi.org/10.1016/j.rechem.2024.101857
https://doi.org/10.1016/j.ijleo.2019.03.051
http://dx.doi.org/10.13005/ojc/310105
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α-

Zingiberene, 

Borneol) 

 

2.4. Plant flowers used for the synthesis of ZnO nanoparticles 

Zinc Oxide nanoparticles can be fabricated from a variety of floral species, some of which are given in Table 4 like 

Anchusa azurea, Bougainvillea, Calendula officinalis, Canna indica L., Hylotelephium telephium, Jacaranda 

mimosifolia, Peltophorum pterocarpum, Senna auriculata, and Trifolium pratense which consist of reducing agents 

like terpenoids (Germacrene D, γ-eudesmol, δ-cadinene), phytol and linalool, carotenoids, phytochemicals 

(Anthocyanins, Anthocyanidin Glycosides), tetradecanoic acid and pentadecanoic acid, oleic acid, coumarins, 

Phenolic acids (Chlorogenic acid, Caffeic acid, Gallic acid), and Isoflavones (Genistein, Daidzein, Biochanin A and 

Formononetin) respectively, showing different morphologies like hexagonal shape, spherical shape and irregular 

spherical shape and the size of particles ranges from 2 nm - 84 nm [52-60]. 

 

Table 4. Plant flowers used for the synthesis of ZnO nanoparticles 

Sr. 

No. 

Plant 

Name 

Reducing 

Agents 

Size 

(nm) 

Precursor used Precursor 

Concentra

tion 

Specifications Refe

renc

e 

1. Anchusa 

azurea 

(Garden 

anchusa) 

Terpenoids 

(Germacrene 

D, γ-eudesmol, 

δ-cadinene), 

Tannins, 

Saponins, 

Flavonoids 

(Kaempferol, 

Isorhamnetin, 

Quercetin), 

Phenolic acids 

(Rosmarinic 

acid, Caffeic 

acid, 

Chlorogenic 

acid), 

8-14 [Zn(CH3COO)2.2

H2O] 

 

0.02 M Hexagonal 

shape 

Calcination 

Temp: 100-

200 ℃ 

Time: 2 hours 

[52] 

https://doi.org/10.1016/j.jphotobiol.2016.06.007
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Pigments 

(Lycopene, 

Anthocyanins) 

2. Bougainvi

llea 

(Paper 

flower) 

Terpenes, 

Phytol, 

linalool, 

methyl-2-

hydroxybenzo

ate, α-ionone, 

pinitol 

10-

50 

[Zn(CH3COO)2.2

H2O] 

 

0.01 M Spherical 

shape 

[53] 

3. Calendula 

officinalis 

(Pot 

marigold) 

Saponins, 

triterpenes, 

alcohol 

triterpenes, 

carotenoids, 

flavonoids, 

coumarins 

17.6

6 

[Zn(NO3)2.6H2O] 

 

0.33 M Spherical 

shape 
 

[54] 

4. Canna 

indica L. 

(Indian 

shot) 

Phytochemical

s 

(Anthocyanins

, 

Anthocyanidin 

Glycosides, 

Polyphenols), 

Pigments 

(Lycopene), 

Flavonoids 

(Rutin, 

Kaempferol), 

Terpenoids (γ-

eudesmol, δ-

25-

40 

[Zn(NO3)2.6H2O] 

 

0.13 M Spherical 

shape 

Calcination 

Temp: 600 ℃ 

Time: 1 hour 

[55] 

https://doi.org/10.1016/j.biopha.2019.108983
https://doi.org/10.1111/iwj.14413
https://doi.org/10.1016/j.jhazmat.2021.126586
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cadinol, γ-

selinene) 

5. Hylotelep

hium 

telephium 

(Orpine) 

2’-

Methylsulfinyl

ethyl 

phenylglyoxyl

ate, 

Tetradecanoic 

acid, 

Pentadecanoic 

acid, 

Terpenoids 

((2E,6S)-6,7-

Isopropylidene

dioxy-2-

hepten-1-ol) 

36 [Zn(NO3)2.6H2O] 

 

1 mM Irregular 

Spherical 

shape 

[56] 

6. Jacarand

a 

mimosifol

ia 

(Jacarand

a) 

Oleic acid 

(majorly), 1,6-

dimethyldecah

ydronapthalen

e, Citronellyl 

propionate 

2-4 [C12H26O15Zn] 

(Zinc gluconate 

hydrate) 

 

0.1 M Spherical 

shape 

[57] 

7. Peltophor

um 

pterocarp

um 

(Yellow 

flamboya

nt) 

Xanthoprotein

s, Coumarins, 

Saponins, 

Flavonoids, 

Phenolic 

compounds, 

Tannins, 

Carboxylic 

acids 

69.4

5 

[Zn(NO3)2.6H2O] 

 

0.33 M Irregular 

spherical shape 

Calcination 

Temp: 400 ℃ 

Time: 2 hours 

[58] 

https://doi.org/10.1007/s11837-020-04007-9
https://doi.org/10.1016/j.jphotobiol.2016.06.043
https://doi.org/10.1007/s13369-017-2875-6
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8. Senna 

auriculata 

(Tanner’s 

Cassia) 

Tannins, 

Saponins, 

Glycosides 

(Sennosides A 

and B), 

Flavonoids 

(Kaempferol, 

Isorhamnetin, 

Quercetin), 

Phenolic acids 

(Gallic acid, 

Caffeic acid, 

Chlorogenic 

acid) 

12 [Zn(CH3COO)2.2

H2O] 

 

0.33 M Irregular 

spherical shape 

Calcination 

Temp: 500 ℃ 

Time: 2 hours 

[59] 

9. Trifolium 

pratense 

(Red 

clover) 

Phenolic 

compounds, 

Tannins, 

Isoflavones 

(Genistein, 

Daidzein, 

Biochanin A, 

and 

Formononetin) 

70-

84 

[Zn(CH3COO)2.2

H2O] 

 

0.46 M Spherical 

shape 
 

[60] 

 

2.5. Plant seeds used for the synthesis of ZnO nanoparticles 

A variety of seeds from several plant species from which ZnO nanoparticles can be synthesized are listed in Table 5 

like Avena sativa, Caesalpinia crista, Citrullus colocynthis (L.), Cydonia oblonga, Eriobotrya japonica, Mangifera 

indica, Nigella sativa L., Silybum marianum, and Syzygium cumini which consist of reducing agents like phenolic 

acids (Hydroxybenzoic acid, p-Coumaric), coumarins, flavonoids (Isosaponarin, Isovitexin, Isoorientin), galacturonic 

acid, methylated and nonmethylated aldobionic acids, proteins, lipids and amygdalin, ascorbic acid,  phenolic 

compounds (Thymoquinone, Thymol, Carvacrol), Isosilybin A and B, and Ellagic acid respectively, showing different 

morphologies like hexagonal shape, irregular spherical shape, block-like shape and cylindrical shape and have a 

particle size ranging from 17 nm - 80 nm [61-69]. 

https://doi.org/10.1007/s12010-022-03900-0
https://dx.doi.org/10.13074/jent.2020.06.202410
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Table 5. Plant seeds used for the synthesis of ZnO nanoparticles 

Sr. 

No 

Plant 

Name 

Reducing 

Agents 

Size 

(nm) 

Precursor used Precursor 

Concentra

tion 

Specifications Refe

renc

e 

1. Avena 

sativa 

(Oat) 

Phenolic acids 

(Hydroxybenz

oic acid, p-

Coumaric acid, 

Vanillic acid, 

Ferulic acid, 

amino acids 

Caffeic acid), 

Carotenoids, 

Proteins, 

Starch, α-

Tocopherols 

and α-

Tocotrienols 

(Vitamin E), 

Phenolic 

alkaloids 

(Avenanthrami

des, β-glucan) 

17.5

2 

[Zn(NO3)2.6H2O] 

 

0.33 M Hexagonal 

shape 

Calcination 

Temp: 400 ℃ 

Time: 2 hours 

[61] 

2. Caesalpin

ia crista 

(Fever 

nut) 

Alkaloids, 

Flavonoids, 

Tannins, 

Triterpenes, 

Coumarins 

34.6

7 

[Zn(NO3)2.6H2O] 

 

0.8 mM Irregular shape [62] 

3. Citrullus 

colocynthi

s (L.) 

Cucurbitacins, 

Glycosides, 

Flavonoids 

(Isosaponarin, 

20-

35n

m 

[Zn(NO3)2.6H2O] 

 

10 M Block-like 

shape 

[63} 

https://doi.org/10.3390/molecules27020579
https://doi.org/10.1007/s12668-022-00952-8
https://doi.org/10.3390/molecules22020301
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(Bitter 

apple) 

Isovitexin, 

Isoorientin), 3-

O-methyl 

ether, 

Polyphenolic 

compounds 

4. Cydonia 

oblonga 

(Quince) 

Galacturonic 

acid, 

Methylated 

and 

Nonmethylate

d Aldobionic 

acids, 

Arabinose, 

Xylose 

25 [Zn(NO3)2.6H2O] 

 

0.84 M Spherical 

shape 

Calcination 

Temp: 400 °C, 

500 °C and 600 

°C 

Time: 2 hours 

each 

[64] 

5. Eriobotry

a japonica 

(Loquat) 
 

Proteins, 

Lipids, 

Amygdalin, 

Phenolic acids 

(Caffeic acid, 

Hydroxycinna

mic acid, 

Hydroxybenzo

ic acid, 

Chlorogenic 

acid), 

Flavonoids 

(naringenin, 

Kaempferol) 

18-

27 

[Zn(CH3COO)2.2

H2O] 

 

0.1-0.2 M Spherical 

shape 
 

[65] 

6. Mangifer

a indica 

(Mango) 

Polyphenols, 

Tannins, 

Flavonoids, 

40-

70 

[Zn(NO3)2.6H2O] 

 

10 mM Spherical and 

cylindrical 

shapes 
 

[66] 

https://doi.org/10.1016/j.jallcom.2019.153519
https://doi.org/10.1016/j.lwt.2020.110133
https://doi.org/10.3390/molecules28062818
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Ascorbic acid 

(Vitamin C), 

and 

Terpenoids 

7. Nigella 

sativa L. 

(Black 

cumin) 

Alkaloids 

(Isoquinoline, 

Nigellicimine, 

Nigellicimine-

N-oxide, 

Nigellidine, 

Nigellicine, 

Pyrazole), 

Terpenoids (p-

Cymene, 4-

Terpineol, 

Alpha-Hederin 

and 

Sesquiterpene 

Longifolene, t-

Anethol, α-

Pinene, 

Thymohydroq

uinone, 

Dithymoquino

ne), Phenolic 

compounds 

(Thymoquinon

e, Thymol, 

Carvacrol) 

20 [Zn(NO3)2.4H2O] 

 

0.63 M Spherical 

shape 

[67] 

8. Silybum 

marianum 

Isosilybin A 

and B, 

Silychristin, 

Silydianin, 

18 ± 

1 

[Zn(NO3)2.6H2O] 

 

0.22 M Spherical 

shape 
 

[68] 

https://doi.org/10.22052/JNS.2018.01.010
https://doi.org/10.1016/j.msec.2018.12.058
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(Milk 

thistle) 

Silybin A and 

B 

9. Syzygium 

cumini 

(Jamun) 

Anthocyanins, 

Ellagic acid, 

Flavonoids 

(Isoquercetin, 

Kaempferol, 

Myricetin) 

50-

60 

[Zn(CH3COO)2.2

H2O] 

 

1 mM Spherical 

shape 

Calcination 

Temp: 450 °C 

Time: 3 hours 

[69] 

 

2.6. Plant fruit used for the synthesis of ZnO nanoparticles 

Several species of fruit have been employed to create ZnO nanoparticles; a few of these are included in Table 6 like 

Artocarpus gomezianus, Averrhoe carambola, Borassus flabellifer, Capparis spinosa L., Capsicum chinense, Citrus 

aurantiifolia, Myrica esculenta, Myristica fragrans, Opuntia humifusa, Rosa canina, Solanum lycopersicum, Solanum 

tuberosum, and Ziziphus jujuba which consist of reducing agents like Jacalin (lectin), flavonoids (Rutin, Quercetin), 

flavones and quinones, alkaloids (Capparisine A, Capparisine B, Capparisine C), Vitamin A and C, citric acid, maleic 

acid and ascorbic acid, catechin, myristic acid and myristicin,  phenolic acids (Ferulic acid and Protocatechuic acid), 

phenolic compounds (Proanthocyanidin), Carotenoids (Lycopene), amylopectin and amylose, and phenolic acid 

(Chlorogenic acid) respectively, showing different morphologies like spherical shape, nanoflake like shape, rod-like 

shape, pallet-like shape, hexagonal shape, quasi-spherical shape, and non-spherical shape and the particle size 

distribution from 13 nm to 55 nm [70-82]. 

Table 6. Plant fruit used for the synthesis of ZnO nanoparticles 

Sr. 

No

. 

Plant 

Name 

Reducing 

Agents 

Identified 

Size 

(nm) 

Precursor used Precursor 

Concentra

tion 

Specifications Refe

renc

e 

1. Artocarpus 

gomezianus 

(Mon-jack) 

Jacalin 

(lectin), 

Phenolic 

compounds, 

Stilbenoids, 

Aryl 

benzofurons, 

Flavonoids 

20 [Zn(NO3)3.6H2O] 

 

1.6 M Spherical 

shape 

Calcination 

Temp: 400 ℃ 

Time: 4 

minutes 

[70] 

https://doi.org/10.1007/s13762-018-2175-z
https://doi.org/10.1016/j.saa.2015.01.048
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2.  Averrhoe 

carambola 

(Star fruit) 

Phenolic 

acids, 

Flavonoids 

(Rutin, 

Quercetin), 

Ascorbic 

acid, Citric 

acid, 

Malic acid 

20 [Zn(NO3)2.6H2O] 

 

0.5 M Nanoflake-like 

morphology 

Calcination 

Temp: 400 ℃ 

[71] 

3.  Borassus 

flabellifer 

(Palmyra 

palm) 

Terpenoids, 

Ketones, 

Aldehydes, 

Amides, 

Flavones, 

Quinones, 

Carboxylic 

acids, 

Organic acids 

55 [Zn(NO3)2.6H2O] 
 

0.2 M Rod-like shape [72] 

4.  Capparis 

spinosa L. 

(Flinders 

rose) 

Flavonoids 

(Rutin, 

Quercetin, 

Tetrahydroqu

inoline acid), 

and Alkaloids 

(Capparisine 

A, 

Capparisine 

B, 

Capparisine 

C) 

37.4

9 

[Zn(CH3COO)2.2

H2O] 

 

0.46 M Spherical 

shape 

[73] 

https://doi.org/10.1016/j.surfin.2020.100488
https://doi.org/10.1016/j.procbio.2013.10.007
https://doi.org/10.3390/app13116604
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5.  Capsicum 

chinense 

(Orange 

habanero 

pepper) 

Vitamin A 

and C, 

Capsaicin, 

Flavonoids, 

Carotenoids 

(Zeaxanthin, 

Lutein, β-

carotene), 

Phenolic 

acids 

24 [Zn(CH3COO)2.2

H2O] 

 

1 M Spherical 

shape 

Calcination 

Temp: 350 ℃ 

Time: 2 hours 

[74] 

6.  Citrus 

aurantiifoli

a (Lime) 

Citric acid, 

Maleic acid, 

Ascorbic acid 

20-

30 

[Zn(CH3COO)2.2

H2O] 

 

0.46 M Spherical 

shape 

Calcination 

Temp: 310 ℃ 

Time: 2 hours 

[75] 

7.  Myrica 

esculenta 

(Kaphal) 

Catechin, 

Gallic acid, 

Ellagic acid, 

Caffeic acid, 

2-Furan 

carboxaldehy

de, Ascorbic 

acid, 

Myricetin, 

Valine, 

Tyrosine 

31.6

7 

[Zn(CH3COO)2.2

H2O] 

 

0.5 M Pallet-like 

morphology 

[76] 

8.  Myristica 

fragrans 

(Nutmeg) 

Trimyristin, 

Myristic acid, 

Myristicin, 

Safrole, D-

pinene, 

43–

83 

[Zn(NO3)2.6H2O] 

 

0.2 M Spherical and 

hexagonal 

shapes 

Calcination 

Temp: 500 ℃ 

Time: 2 hours 

[77] 

https://doi.org/10.3390/app12094451
https://doi.org/10.1088/2043-6254/aa84e1
https://doi.org/10.1016/j.inoche.2022.109518
https://doi.org/10.1021/acsomega.1c00310
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Myristin, 

Elemicin 

9.  Opuntia 

humifusa 

(Indian fig) 

Phenolic 

acids (Ferulic 

acid and 

Protocatechui

c acid), 

Flavonoids 

(Taxifolin, 

Myricetin, 

Betanin), 

Tannins, 

Saponins 

25 [Zn(NO3)2.6H2O] 

 

0.1 M Rod-like shape 

Calcination 

Temp: 400 ℃ 

Time: 2 hours 

[78] 

10.  Rosa 

canina 

(rosehip 

fruit) 

Phenolic 

compounds 

(Proanthocya

nidin), 

Phenolic acid, 

Tannins, 

Flavonoids, 

Carotenoids, 

Fruit acids, 

Pectin (Citric 

acid, 

Ascorbic 

acid, Malic 

acid ) 

13.3 [Zn(NO3)2.6H2O] 

 

0.5 mM Spherical 

shape 

Calcination 

Temp: 400 ℃ 

Time: 4 hours 
 

[79] 

11.  Solanum 

lycopersicu

m 

(Tomato) 

Carotenoids 

(Lycopene), 

Polyphenols 

(Flavanones, 

Anthocyanidi

39 ± 

1.2 

[Zn(NO3)2.6H2O] 

 

1.59 M Quasi-

spherical shape 

Calcination 

Temp: 600 ℃ 

[80] 

https://doi.org/10.1016/j.matpr.2021.03.409
https://doi.org/10.1016/j.msec.2015.09.089
https://doi.org/10.1007/s10904-023-02744-3
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ns), Ascorbic 

acid, Folic 

acid, Citric 

acid 

Time: 3 hours 

12.  Solanum 

tuberosum 

(Potato) 

Starch 

consists of 

Amylopectin 

and Amylose 

20 ± 

1.2 

[Zn(NO3)2.6H2O] 

 

0.2 M Hexagonal in 

shape 

 

Calcination 

Temp: 500 ℃ 

Time: 10 

minutes 

[81] 

13.  Ziziphus 

jujuba 

(Chinese 

jujube) 

Flavonoids 

(Rutin, 

Quercetin, 

Epicatechin, 

Procyanidins)

, Phenolic 

acids (Gallic 

acid, Caffeic 

acid, 

Chlorogenic 

acid), 

Vitamin C 

(Ascorbic 

acid) 

19 [Zn(NO3)2.6H2O] 

 

0.05 M Non-spherical 

shape 

Calcination 

Temp: 500 ℃ 

Time: 3 hours 

[82] 

 

2.7. Plant fruit peel used for the synthesis of ZnO nanoparticles 

Various varieties of fruit peels can be used to produce ZnO nanoparticles, some of which are listed in Table 7 like 

Ananas comosus, Citrus aurantifolia, Citrus sinensis, Cocos nucifera, Hylocereus polyrhizus, Lycopersicon 

esculentum, Musa acuminata, Musa paradisiaca, Nephelium lappaceum L., Passiflora foetida, and Punica granatum 

which consist of reducing agents like Vitamin C and Vitamin B complex, limonoids,  polymethoxylated flavones, 

polyphenols (Tannin, Hydroxybenzoic acid, Ferulic acid), pectin, carotenoids, proteins, biogenic amines, phenolic 

https://doi.org/10.1080/17458080.2015.1039610
https://doi.org/10.1016/j.saa.2019.117961
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compounds (Ellagic acid, Corilagin, Geraniin, Ellagitannins) and flavonoids (Apigenin, Luteolin, Quercetin) 

respectively, showing different morphologies like flower-like shape, pyramid-like shape, hexagonal prism shape, 

hexagonal bipyramidal shape, spherical shape, round shape, and triangular shape, and have a particle size ranging 

from 9 nm - 65 nm [83-93]. 

Table 7. Plant fruit peel used for the synthesis of ZnO nanoparticles 

Sr. 

No

. 

Plant Name Reducing 

Agents 

Size 

(nm) 

Precursor used Precursor 

Concentra

tion 

Specifications 
 

Refe

renc

e 

1. Ananas 

comosus 

(Pineapple) 

Phenolic 

compounds 

(Gallic acid, 

Chlorogenic 

acid), 

Flavonoids 

(Rutin, 

Quercetin), 

Vitamin C 

and Vitamin 

B complex, 

Citric acid, 

Malic acid, 

Tannins, 

Saponins, 

Pectin 

64.6

1 

[Zn(NO3)2.6H2O] 

 

0.06 M Flower-like 

morphology 
 

[83] 

2.  Citrus 

aurantifolia 

(Lime) 

Carotenoids, 

Coumarins, 

Limonoids, 

Flavonoids 

35-

45 

[Zn(CH3COO)2.2

H2O] 

 

0.46 M Pyramid-like 

morphology 

Calcination 

Temp: 400 ℃ 

Time: 15 

minutes 
 

[84] 

3.  Citrus 

sinensis 

Carotenoids, 

Limonoids, 

12-

25 

[Zn(NO3)2.6H2O] 

 

0.2 M 

 

Hexagonal 

prisms with 

[85] 

https://doi.org/10.1080/21870764.2022.2127504
https://doi.org/10.1016/j.jallcom.2016.08.090
https://doi.org/10.1007/s10854-018-9015-2
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(Orange) Vitamin C, 

and 

Polymethoxy

lated 

flavones, 

rounded down 

corners and 

oval sphere-

shaped 

Calcination 

Temp: 400 ℃ 

Time: 1 hr 

4.  Cocos 

nucifera 

(Coconut 

Coir) 

Polyphenols 

(Tannin, 

Hydroxybenz

oic acid, 

Ferulic acid, 

etc.) 

48 [Zn(NO3)2.6H2O] 

 

0.1 M Hexagonal 

Bipyramid in 

shape 

Calcination 

Temp: 400 ℃ 

Time: 3 hours 

[86] 

5.  Hylocereus 

polyrhizus 

(Dragonfrui

t) 

Triterpenoids

, Betanin, 

Phyllocactin, 

pectin, 

Hylocerenin, 

Betacyanin 

56 [Zn(NO3)2.6H2O] 

 

0.5 M Spherical 

morphology 

Calcination 

Temp: 450 °C 

Time: 2.5 

hours 
 

[87] 

6.  Lycopersico

n 

esculentum 

(Tomato) 

Flavonoids, 

Carotenoids, 

Limonoids 

9.01 [Zn(NO3)2.6H2O] 

 

0.15 M Hexagonal and 

round shapes 

Calcination 

Temp: 400 ℃ 

Time: 1 hour 

[88] 

7.  Musa 

acuminata 

(Banana) 

Flavones, 

Amino acids, 

Alkaloids, 

Terpenoids, 

Enzymes, 

Polyphenols, 

30-

80 

[Zn(CH3COO)2.2

H2O] 

 

0.01 M Triangular 

shape 
 

[89] 

https://doi.org/10.3390/cryst12010022
https://doi.org/10.1080/24701556.2019.1661464
https://doi.org/10.1016/j.molstruc.2017.06.078
https://doi.org/10.1016/j.ijleo.2020.164279
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Carotenoids, 

Proteins 

8.  Musa 

paradisiaca 

(Plantain 

peel) 

Tannins, 

Saponins, 

Phenolic 

compounds, 

Biogenic 

amines, 

Carotenoids, 

Flavonoids 

20 [Zn(CH3COO)2.2

H2O] 

 

2 M Spherical 

shape 

Calcination 

Temp: 350 °C 

Time: 2 hours 
 

[90] 

9.  Nephelium 

lappaceum 

L. 

(Rambutan 

fruit) 

Phenolic 

compounds 

(Ellagic acid, 

Corilagin, 

Geraniin, 

Ellagitannins

) 

25.6

7 

[Zn(NO3)2.6H2O] 

 

0.1 M Spherical 

shape 

Calcination 

Temp: 450 ℃ 

Time: 5 

minutes 
 

[91] 

10.  Passiflora 

foetida 

(Passionflo

wer) 

Flavonoids 

(Apigenin, 

Luteolin, 

Quercetin), 

Phenolic 

compounds 

(Gallic acid, 

Caffeic acid), 

Tannins, 

Passifloricins

, Cyanogenic 

compounds, 

α-Pyrones 

58 [Zn(NO3)2.6H2O] 

 

100 mM Hexagonal 

morphology 

Calcination 

Temp: 400 ℃ 

Time: 1 hour 

[92] 

11.  Punica 

granatum 

Flavonoids, 

Tannins, 

10–

45 

[Zn(CH3COO)2.2

H2O] 

 

5 mM Spherical 

shape 

[93] 

https://doi.org/10.1016/j.sciaf.2022.e01152
https://doi.org/10.1016/j.molstruc.2016.07.029
https://doi.org/10.1007/s42452-021-04436-4
https://doi.org/10.3390/jfb14040205
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(Pomegrana

te) 

Anthocyanidi

ns, Phenolic 

acids 

 

Calcination 

Temp: 200 °C 

Time: 3 hours 

 

2.8. Bacteria used for the synthesis of ZnO nanoparticles 

A list of a few bacteria employed in the synthesis of ZnO nanoparticles may be found in Table 8, like Bacillus cereus 

MN181367, Bacillus licheniformis MTCC 9555, Halomonas elongata, Lactobacillus plantarum TA4, Lactobacillus 

sporogens, and Marinobacter sp. 2C8, Pseudomonas aeruginosa, Pseudomonas putida (MCC 2989), Serratia 

ureilytica, and Streptomyces enissocaesilis have particle sizes ranging from 2 nm - 360 nm and have different 

morphologies like irregular shape, hexagonal shape, and spherical shape [94-103]. 

 

Table 8. Bacteria used for the synthesis of ZnO nanoparticles 

Sr. 

No. 

Biological 

source 

Size 

(nm) 

Precursor used Precursor 

Concentration 

Specifications 
 

References 

1. Bacillus 

cereus 

MN181367 

58.77-

63.3 

[ZnSO4·7H2O] 
 

0.01M Irregular shape 
 

[94] 

2. Bacillus 

licheniformis 

MTCC 9555 

2000-

1000 

[Zn(CH3COO)2.2H2O] 
 

0.2 M Hexagonal 

shape 
 

[95] 

3. Halomonas 

elongata 

10–27 [ZnCl2] 
 

0.001-0.1 M Spherical 

morphology 

[96] 

4. Lactobacillus 

plantarum 

TA4 

291.1 [Zn(NO3)2.6H2O] 
 

100-500 mM Flower-like to 

irregular shape 

[97] 

5. Lactobacillus 

sporogens 

5–15 [ZnCl2] 
 

0.25 M Hexagonal 

shape 
 

[98] 

6. Marinobacter 

sp. 2C8 

2.48-

10.23 

(ZnSO4·H2O) 
 

0.1 M Spherical 

shape 

[99] 

7. Pseudomonas 

aeruginosa 

27 [Zn(NO3)2.6H2O] 
 

1 mM Spherical 

morphology 
 

[100] 

8. Pseudomonas 

putida 

44.5 [Zn(NO3)2.6H2O] 
 

0.0045 M Spherical 

shape 

[101] 

https://doi.org/10.24275/rmiq/Bio1605
https://doi.org/10.1016/j.jphotobiol.2014.10.001
https://doi.org/10.15171/bi.2018.10
https://doi.org/10.1038/s41598-020-76402-w
http://dx.doi.org/10.4236/ns.2009.12016
https://doi.org/10.1016/j.ijpharm.2021.120878
https://doi.org/10.1371/journal.pone.0106937
https://doi.org/10.1016/j.bcab.2019.101327
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(MCC 2989) Calcination 

Temp: 400 °C 

Time: 2 hours 

9. Serratia 

ureilytica 

185-

360 

[Zn(CH3COO)2.2H2O] 
 

0.02 M Hexagonal 

morphology 
 

[102] 

10. Streptomyces 

enissocaesilis 

5-20 ZnSO4 
 

5 mM Spherical 

shape 

[103] 

 

2.9. Algae used for the synthesis of ZnO nanoparticles 

A few algae that are utilized to generate ZnO nanoparticles are listed in Table 9, like Agathosma betulina, 

Chlamydomonas reinhardtii, Gracilaria edulis, Gracilaria gracilis, Sargassum muticum, Sargassum myriocystum, 

Sargassum wightii, Spirogyra hyalina, Ulva fasciata, and Ulva Lactuca, having particle sizes ranging from 10 nm - 

80 nm and have different morphologies like quasi-spherical shape, flower-like shape, rod-like shape, hexagonal shape, 

and spherical shape [104-113]. 

 

Table 9. Algae used for the synthesis of ZnO nanoparticles 

Sr. 

No

. 

Biological 

source 

Size 

(nm) 

Precursor used Precursor 

Concentration 

Specifications 
 

References 

1. Agathosma 

betulina 

15.8 [Zn(NO3)2.6H2O] 
 

0.2 M Quasi-spherical 

shape 

Calcination 

Temp: 100–500 

°C 

Time:2 hours 

[104] 

2. Chlamydomo

nas 

reinhardtii 

55-

80 

[Zn(CH3COO)2.2H

2O] 
 

1 mM Flower-like 

morphology 
 

[105] 

3. 

 

Gracilaria 

edulis 

65-

95 

[Zn(NO3)2.6H2O] 
 

1 mM Rod-shape [106] 

4. Gracilaria 

gracilis 

18-

50 

[Zn(NO3)2.6H2O] 
 

0.1 M Hexagonal 

shape 

Calcination 

Temp: 600 °C 

Time: 3 hours 

[107] 

https://doi.org/10.1016/j.carbpol.2013.12.074
https://doi.org/10.1049/iet-nbt.2017.0213
https://doi.org/10.1016/j.matlet.2015.08.052
https://doi.org/10.1002/ep.12315
https://doi.org/10.1007/s12010-014-1225-3
https://doi.org/10.1039/C3GC42554A
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5. Sargassum 

muticum 

30-

57 

[Zn(CH3COO)2.2H

2O] 
 

2 mM 
 

Calcination 

Temp: 450 °C 

Time: 4 hours 

[108] 

6. Sargassum 

myriocystum 

(Seaweed) 

36 [Zn(NO3)26H2O] 
 

1mM Spherical and 

hexagonal 

shapes 
 

[109] 

7. Sargassum 

wightii 

20-

62 

[Zn(NO3)2.6H2O] 
 

0.05 mM Spherical shape 

Calcination 

Temp: 400 °C 

Time: 1 hour 

[110] 

8. Spirogyra 

hyalina 

40-

65 

[Zn(CH3COO)2.2H

2O] 

OR 

[Zn(NO3)2.6H2O] 
 

0.02 M 
 

Spherical shape 

Calcination 

Temp: 455 °C 

Time: 4 hours 

[111] 

9. 

 

Ulva fasciata 77.8

1 

[Zn(CH3COO)2.2H

2O] 
 

10 mM Spherical 
 

[112] 

10. Ulva Lactuca 

(Seaweed) 

10–

50 

[Zn(CH3COO)2.2H

2O] 
 

1 mM Hexagonal 

shape 

Calcination 

Temp: 450 °C 

Time: 4 hours 

[113] 

 

2.10. Fungi used for the synthesis of ZnO nanoparticles 

Table 10 includes a selection of fungi employed in the fabrication of ZnO nanoparticles, like Aspergillus fumigatus, 

Aspargillus niger, Cochliobolus geniculatus, Cordyceps militaris, and Fusarium keratoplasticum strain A1-3 having 

particle size ranging from 0.17 nm - 42 nm, and have different morphologies like spherical shape, hexagonal shape 

and quasi-spherical shape [114-118]. 

 

Table 10. Fungi used for the synthesis of ZnO nanoparticles 

Sr. 

No

. 

Biological 

source 

Size 

(nm) 

Precursor used Precursor 

Concentratio

n 

Specification

s 
 

Reference

s 

https://doi.org/10.1186/s12645-018-0037-5
https://doi.org/10.1186/1477-3155-11-39
https://doi.org/10.1016/j.pmpp.2017.02.004
https://doi.org/10.3390/mi14050928
https://doi.org/10.3390/nano11020385
https://doi.org/10.1016/j.jphotobiol.2017.11.006
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1. Aspergillus 

fumigatus 

(Extracellular 

secretion) 

1.2-

8.56 

[Zn(NO3)2.6H2O] 
 

0.1 mM Spherical 

morphology 
 

[114] 

2. Aspargillus 

niger 

40 [ZnCl2] 
 

0.3 M Hexagonal 

shape 

Calcination 

Temp: 550 ℃ 

Time: 3 hours 

[115] 

3. Cochliobolus 

geniculatus 

(Protein) 

0.17-

0.24 

[Zn(CH3COO)2.2H2O

] 
 

1 mM Quasi-

spherical and 

hexagonal 

morphology 
 

[116] 

4. Cordyceps 

militaris 

10.1

5 

[Zn(NO3)2.6H2O] 
 

0.1 mM Hexagonal 

shape 

[117] 

5. Fusarium 

keratoplasticu

m strain A1-3 

10-

42 

Zn(CH3COO)2.2H2O 
 

2 mM Hexagonal 

shape 
 

[118] 

 

2.11. Mechanism of Green Synthesis  

When the zinc metal ion from the zinc precursor reacts with phytochemicals in the plant concentrate, 

including nimbin, quercetin, ascorbic acid, gallic acid, caffeine, quinine, etc., the zinc metal ions are 

reduced. The metal ions are decreased by plant extracts and then stabilized by an organic covering. Zinc 

oxide is created when zinc metal ions are exposed to phytochemicals. The fabrication of metallic 

nanoparticles from phytochemical concentrate proceeds through activation—bio reduction and nucleation 

of metal ions, followed by a growth state involving particle aggregation, and terminates with termination, 

which finalizes the shape of the nanoparticle. The sample is subsequently calcined at a high temperature to 

eliminate any remaining impurities, resulting in purified ZnO nanoparticles. Figure 5 describes the 

mechanism of the green synthesis method for creating ZnO nanoparticles [119].  

https://doi.org/10.1007/s40003-012-0049-z
https://doi.org/10.5539/ijc.v11n2p119
https://doi.org/10.1016/j.mseb.2019.04.017
https://doi.org/10.1016/j.ijleo.2019.02.081
https://doi.org/10.1016/j.bcab.2019.101103


37 

 

 

Figure 5. Green synthesis mechanism for the fabrication of ZnO nanoparticles 
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2.12. Conclusion 

The fabrication of ZnO nanoparticles with extracts from plants, algae, fungi, and bacteria has emerged as a 

feasible method for creating eco-friendly nanomaterials with improved functional properties and 

biocompatibility. This method eliminates the need for harmful chemicals commonly employed in traditional 

synthesis pathways by using naturally occurring phytochemicals such as flavonoids, proteins, polyphenols, 

and polysaccharides for reduction and stabilization. Plant extracts’ rich phytochemical makeup has 

demonstrated tremendous potential in aiding the production of nanoparticles of certain sizes and forms. 

Likewise, the physiologically active metabolites that give ZnO nanoparticles their distinct physicochemical 

characteristics are advantageous for production by algae. The durability of nanoparticles is further improved 

by bacterial and fungal extracts through the release of biomolecules, providing an alternate method that 

aids in the production of sustainable materials. Bio-mediated synthesis substantially decreases energy 

consumption, reduces environmental toxicity, and enables the production of ZnO nanoparticles with 

improved surface characteristics suitable for environmental remediation, biomedicine, and catalysis. 

The improved antibacterial, anti-inflammatory, and antioxidant qualities of biosynthesized ZnO 

nanoparticles make them attractive options for drug delivery and wound healing applications. Despite these 

advantages, challenges remain regarding the standardization of synthesis procedures, the reproducibility of 

nanoparticle properties, and the scalability for industrial applications. Understanding the basic processes 

underlying the synthesis of biological nanoparticles, improving synthesis conditions, and investigating 

hybrid approaches that combine traditional and bio-inspired techniques are all crucial to the advancement 

of this technology. 

In the realm of green synthesis of ZnO nanoparticles, numerous research publications and reviews have 

been released; however, this field still lacks sufficient research. One notable observation is the chemical 

analysis of plant extracts. Although GC-MS analysis has provided insights into the chemical composition 

of various plant extracts, no specific information has been available regarding which particular chemical 

compound or molecule acts as a reductant and particle stabilizer. 

In conclusion, zinc oxide nanomaterials produced by using biological extracts align with sustainable 

practices and offer a practical means of producing valuable nanomaterials with minimal environmental 

impact. Increased multidisciplinary research will pave the way for applying bio-mediated nanoparticle 

synthesis across diverse domains, such as environmental science and healthcare, unlocking innovative, 

environmentally responsible nanotechnology solutions. 
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3. MATERIALS AND METHODS 

3.1. Introduction  

Numerous physical and chemical methods covered here are capable of generating nanomaterials of diverse 

morphologies and sizes, but they are time-consuming, require expensive equipment, hazardous chemicals, 

non-biodegradable stabilizing agents, and hazardous organic solvents. Consequently, it is essential to 

develop a simple, safe, and sustainable method for producing ZnO nanoparticles [120]. With biological 

synthesis, more nanoparticles could be produced without the harsh, costly, and hazardous chemicals 

typically utilized in traditional physical and chemical processes [121]. Many substances, such as terpenoids, 

vitamins, amino acids, alkaloids, phenolic compounds, and nitrogen compounds, are known to scavenge 

free radicals. Antioxidants and polyols, which are abundant in these plants, are used to make nanoparticles 

[122]. Plants are the best source of feedstock for making metal oxide nanoparticles because they can easily 

transform metal salts or ions into zero-valence metal nanoparticles [123]. Furthermore, compared to 

nanoparticles created by physical or chemical means, those derived from phytochemical concentrate are 

highly robust and biocompatible. The rapid reduction and stabilizing agents for the produced nanoparticles 

are thought to be caused by the secondary metabolites found in plant extracts [124]. Additionally, plant-

based biosynthesis is a rather simple procedure that may easily be expanded to create nanoparticles on a 

large scale [125]. 

One way to summarize the basic experimental procedure for creating eco-friendly nanoparticles is as 

follows: Before the leaves of the plant are utilized in an experiment, they are properly cleaned under running 

water multiple times and dried. Following drying, the leaves were ground into a powder and kept at low 

temperatures in an airtight container. Any leftover bulk material was eliminated by filtering, centrifuging, 

and mixing the powdered leaves with distilled water at a steady temperature [126]. The flowers of the plant 

are washed several times if they are being used in order to stay clear of foreign things. Deionized water is 

used as part of a routine cleaning procedure after the flower has been dried and ground into a powder. The 

extract was created by filtering, centrifuging, and heating the mixture while swirling it with a magnetic 

stirrer at a constant temperature [127]. This implies that any plant material utilized to create ZnO 

nanostructures must first undergo a comparable series of preparatory steps for purification and 

concentration before being combined with the zinc ion source [128]. 

 

3.2. Procedure Followed for Green Synthesis 

An outline of the green synthesis method employed to create ZnO nanoparticles is shown in Figure 6. 

According to the figure, any plant component, be it peel, root, stem, leaf, or fruit, is combined with a zinc 

source like zinc sulphate, zinc nitrate, zinc acetate, or zinc chloride. The plant material was boiled with 
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distilled water to create the plant extract, and the zinc source was mixed in distilled water and used as a 

solvent. Plant extract was added to this zinc precursor solution while it was being stirred, and then a gentle 

addition of NaOH solution. After filtering and drying in an oven for the entire night, a zinc hydroxide 

precipitate was seen. In order to obtain the ZnO nanoparticles, the dried precipitate was first finely crushed, 

calcined at a high temperature, and then powdered. 

 

Figure 6. Illustration of the green synthesis process for synthesizing ZnO nanoparticles 

3.3. Materials & Methods 

The leaves of Parthenium hysterophorus, Citrus limon, Azadirachta indica, Syzygium cumin, and Punica 

granatum were collected from the campus of Delhi Technological University. Zinc acetate dihydrate was 

purchased from SRL. Other chemicals like sodium hydroxide, acetone, methanol, and distilled water were 

utilized from the laboratory of the science department of Delhi Technological University. Nano 

characterization methods, namely UV-Visible spectroscopy, Zeta sizer, and Zeta potential, were done at the 

Delhi Technological University. 

Following collection, the leaves were thoroughly rinsed under running water to remove impurities, then 

placed in a hot air oven at 60 °C for three days prior to their use. The dried leaves were manually crushed 

using a mortar and pestle and stored in a sealed container. The powdered leaves were then mixed with 

distilled water at a consistent temperature of 60 °C for 30 minutes. The resulting concentrate was then 

filtered and refrigerated for further use. Different concentrations of zinc acetate solutions (1 M, 2 M, 3 M, 

etc) were prepared by weighing the zinc acetate powder on a weighing balance and dissolving it in distilled 

water on a stirrer at a constant temperature of 60 ℃ for a few minutes. Subsequently, NaOH solution was 

General procedure followed 
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Plant extract
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Fig. 2 shows the procedure followed for the synthesis of ZnO nanoparticles via green synthesis
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prepared. To the zinc acetate solution, plant extract was added while on the stirrer and allowed to mix 

homogenously for a few minutes. After adding the NaOH solution gradually, the reaction solution was 

continuously agitated for two hours at 60 °C. Overnight filtration was done on the resulting precipitate, and 

dried for 24 hours in an oven after the reaction was finished. The dried precipitate was then finely powdered 

and calcinated in the muffle furnace. After calcination, it was again finely powdered, which resulted in ZnO 

nanoparticle powder. 
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4. RESULTS AND DISCUSSION 

4.1. UV-Visible Spectroscopy 

  

Figure 7. UV-Visible graph of one of the samples of ZnO nanoparticles synthesized using leaves of 

Parthenium hysterophorus 

Figure 7 demonstrates the UV-Visible peaks of sample having the best results. The UV-Vis of ZnO samples 

were noted for 1 M, 2 M, and 3 M concentrations. UV-Vis absorbance peak for ZnO ranges from 300 to 

400 nm. From the graph, it was observed that the highest absorbance was at 364.22 nm for 1 M and 2 M 

concentrations, and 372.42 nm for 3 M concentration. 

 

 

 

 

 

 

 

 

 



43 

 

 

4.2. Zeta Sizer & Zeta Potential 

 

Figure 8. Zeta sizer and zeta potential of ZnO nanoparticles at 2 M concentration, synthesized using leaves 

of Parthenium hysterophorus 

The zeta sizer and zeta potential of ZnO nanoparticles prepared at 2 M concentration using leaves of 

Parthenium hysterophorus are shown in Figure 8. The samples were prepared at two different 

concentrations (w/v). Graphs 8.a and 8.b show the zeta potential and zeta sizer at 0.6 % concentration (w/v). 

The average zeta potential observed in graph 8.a is -19.2 mV, and the zeta size distribution observed in 

graph 8.b shows the average size 342.1 d.nm. Graphs 8.c and 8.d show the zeta potential and zeta sizer at 

0.3 % concentration (w/v). The average zeta potential observed in graph 8.c is -32.5 mV, and the zeta size 

distribution observed in graph 8.d shows the average size 299.5 d.nm. These were the best results that were 

observed so far. 

4.3. Summarization of the Experiments Performed 

Table 11 gives a comprehensive summary of the outcomes of all the experiments conducted during the 

study. 

Table 11. Experiments performed and their observations 

Fig. 4 shows the zeta potential and

zeta sizer of a sample of the ZnO

nanoparticles of 2 M

concentration. 4a shows the

average zeta potential of -19.2

mV. 4b shows the zeta size

distribution with an average size

being 342.1 d.nm, both samples

being prepared at 0.6%

concentration. 4c shows the

average zeta potential of -32.5

mV. 4d shows the zeta size

distribution with an average size

being 299.5 d.nm, both samples

being prepared at 0.3%

concentration.

8.a.

8.d.8.c.

8.b.
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Sr. No. Plant extract Precursor NaOH/ 

Buffer 

solution 

Calcination Observations 

1.  Water-based 

plant extract (3g 

in 30 ml) 

Zinc acetate 

(0.1M) 

NaOH 

(1M) 

For 3hrs at 

300°C 

ZnO NPs did not form as 

there was no absorbance 

peak observed in UV-Vis 

spectroscopy 

2.  Water-based 

plant extract (20g 

in 100 ml) 

Zinc acetate 

9 samples (3 

each of 1:1, 

1:2, 2:1) 

NaOH 

(1M) 

Each sample 

for 3hrs at 

300°C 

ZnO NPs formed with a 

size range of 3000-5000nm  

3.  Water-based 

plant extract (20g 

in 100 ml) 

Zinc acetate 

(1M,2M,3M) 

NaOH 

(1M) 

Each sample 

for 3hrs at 

300°C 

ZnO NPs formed with a 

size distribution of 299- 

3085 nm (Sample 2 (2M) -

299.5nm) 

4.  Water-based 

plant extract (20g 

in 100 ml) 

Zinc acetate 

(2M) 

PBS 

Buffer 

solution 

(pH = 

8.5, 12.5) 

N/A A viscous liquid formed 

5.  Water-based 

plant extract (20g 

in 100 ml) 

Zinc acetate 

(2M) 

NaOH 

(1M) 

3 Samples 

made 

calcined for 

1hr, 2hr, 3hr 

at 300°C 

ZnO NPs formed with a 

size range of 2106-5257nm  

6.  Water-based 

plant extract of 

Citrus limon 

(lemon), 

Azadirachta 

indica (neem), 

Zinc acetate 

(2M) 

NaOH 

(1M) 

Each sample 

for 3hr at 

300°C 

ZnO NPs formed with a 

size range of 3647-

6553nm  

(Parthenium- 3647nm) 
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Syzygium cumini 

(jamun), Punica 

granatum 

(pomegranate), 

Parthenium 

hysterophorus 

(congress grass) 

7.  Water-based 

plant extract (20g 

in 100 ml) 

Zinc acetate 

(2M) 

NaOH 

(1M) 

3 Samples 

made 

calcined for 

1hr, 2hr, 3hr 

at 300°C 

ZnO NPs formed with a 

size range of 2106-5257nm  

 

4.4. Conclusion  

In this study, water-based leaf extracts of Parthenium hysterophorus (congress grass), Citrus limon (lemon), 

Azadirachta indica (neem), Syzygium cumini (jamun), and Punica granatum (pomegranate) were used to 

create ZnO nanoparticles. Following a number of syntheses, it was found that the Parthenium hysterophorus 

(congress grass) leaf extract produced at a 2 M concentration produced the best results. At 364.22 nm, it 

displayed the maximum UV-visible absorption. The zeta size distribution revealed the smallest average 

size, 299.5 d.nm, and the best average zeta potential was -19.2 mV. Various parameters, such as zinc acetate 

and plant extract concentration, calcination temperature, and reaction time, were altered and adjusted in this 

study to investigate their influence on ZnO nanoparticle fabrication.  



46 

 

5. REFERENCES 

1. Ahmed, S., Ahmad, M., Swami, B. L. and Ikram, S. (2016). A review on plants extract mediated 

synthesis of silver nanoparticles for antimicrobial applications: a green expertise. Journal of 

Advance Research, 7, pp.17-28. 

2. Ahmed, W. S., Mohamed, M. A., El-Dib, R. A. and Hamed, M. M. (2009). New triterpene saponins 

from Duranta repens Linn. and their cytotoxic activity. Molecules, 4, pp.1952-1965. 

3. Aqil, F., Ahmad, I. and Mehmood, Z. (2006). Antioxidant and free radical scavenging properties of 

twelve traditionally used Indian medicinal plants. Turk J Biol, 30, pp.177-183. 

4. Bagheri, M., Mahjoub, A. R. and Mehri, B. (2014). Enhanced photocatalytic degradation of congo 

red by solvothermally synthesized CulnSe2-ZnO nanocomposites. RSC Advances, 4, pp.21757-

21764. 

5. Balavandy, S. K., Shameli, K. and Abidin, Z. Z. (2015). Rapid and green synthesis of silver 

nanoparticles via sodium alginate media. International Journal of Electrochemical Science, 10, 

pp.486-497. 

6. Bheemanagouda, N., Patil, N. and Taranath, T. C. (2016). Limonia acidissima L. leaf mediated 

synthesis of zinc oxide nanoparticles: a potent tool against Mycobacterium tuberculosis. 

International Journal of Mycobacteriology, 5, pp.197-204. 

7. Chen, C. C., Lu, C. S., Chung, Y. C. and Jan, J. L. (2007). UV light induced photodegradation of 

malachite green on TiO2 nanoparticles. Journal of Hazardous Materials, 141, pp.520-528. 

8. Curri, M. L., Comparelli, R., Cozzoli, P. D., Mascolo, G. and Agostiano, A. (2003). Colloidal oxide 

nanoparticles for the photocatalytic degradation of organic dye. Materials Science and Engineering, 

23, pp.285-289. 

9. Davar, F., Majedi, A. and Mirzaei, A. (2015). Green synthesis of ZnO nanoparticles and its 

application in the degradation of some dyes. Journal of the American Ceramic Society, 98(6), 

pp.1739-1746. 

10. Demir, N., Yildiz, O., Alpaslan, M. and Hayaloglu, A. A. (2014). Evaluation of volatiles, phenolic 

compounds and antioxidant activities of rose hip (Rosa L.) fruits in Turkey. LWT- Food Science 

and Technology, 57, pp.126-133. 

11. Devendran, G. and Balasubramanian, U. (2011). Qualitative phytochemical screening and GC-MS 

analysis of Ocimum sanctum L. leaves. Asian Journal of Plant Science and Research, 1(4), pp.44-

48. 



47 

 

12. Diao, Z. H., Li, M. Y., Zeng, F. Y., Song, L. and Qiu, R. L. (2013). Degradation pathway of 

malachite green in a novel dual-tank photoelectrochemical catalytic reactor. Journal of Hazardous 

Materials, 260, pp.585-592. 

13. Dobrucka, R. and Dugaszewska, J. (2016). Biosynthesis and antibacterial activity of ZnO 

nanoparticles using Trifolium pratense flower extract. Saudi Journal of Biological Sciences, 23, 

pp.517-523. 

14. Elaziouti, Laouedj, N. and Ahmed, B. (2011). ZnO-assisted photocatalytic degradation of congo 

red and benzopurpurine 4B in aqueous solution. Journal of Chemical Engineering & Process 

Technology, 2(2), pp.1-9. 70 

15. Giwa, A., Nkeonye, P. O., Bello, K. A. and Kolawole, K. A. (2012). Photocatalytic decolourization 

and degradation of C.I. basic blue 41 using TiO2 nanoparticles. Journal of Environment Protection, 

3, pp.1063-1069. 

16. Mihail, C.R., Curr. Opin.ss, 2003. 14: p. p. 337. 

17. A. Ishijima, T.Y., Trends Biochem. Sci., 2001. 26: p. 438. 

18. D.J. Muller, H.J., T. Lehto, L. Kuerschner, K. Anderson, Prog. Biophys. Mol. Biol., 2002. 79: p. p. 

1. 

19. D. MubarakAli, N.T., M. Gunasekaran, Plant extract mediated synthesis of silver and gold 

nanoparticles and its antibacterial activity against clinically isolated pathogens. colloids and 

surfaces B: Biointerfaces, 2011. 85: p. 360 – 365 

20. Batool, M., Khurshid, S., Daoush, W. M., Siddique, S. A., & Nadeem, T. (2021)bo. Green synthesis 

and biomedical applications of ZnO Nanoparticles: Role of PEGylated-ZnO Nanoparticles as 

doxorubicin drug carrier against MDA-MB-231 (TNBC) cells line. Crystals, 11(4), 344. 

https://doi.org/10.3390/cryst11040344 

21. Bhuyan, T., Mishra, K., Khanuja, M., Prasad, R., & Varma, A. (2015). Biosynthesis of zinc oxide 

nanoparticles from Azadirachta indica for antibacterial and photocatalytic applications. Materials 

Science in Semiconductor Processing, 32, 55-61. https://doi.org/10.1016/j.mssp.2014.12.053 

22. Chandra, H., Patel, D., Kumari, P., Jangwan, J. S., & Yadav, S. (2019). Phyto-mediated synthesis 

of zinc oxide nanoparticles of Berberis aristata: Characterization, antioxidant activity and 

antibacterial activity with special reference to urinary tract pathogens. Materials Science and 

Engineering: C, 102, 212-220. https://doi.org/10.1016/j.msec.2019.04.035 

23. Vinayagam, R., Selvaraj, R., Arivalagan, P., & Varadavenkatesan, T. (2020). Synthesis, 

characterization and photocatalytic dye degradation capability of Calliandra haematocephala-

https://doi.org/10.3390/cryst11040344
https://doi.org/10.1016/j.mssp.2014.12.053
https://doi.org/10.1016/j.msec.2019.04.035


48 

 

mediated zinc oxide nanoflowers. Journal of Photochemistry and Photobiology B: Biology, 203, 

111760. https://doi.org/10.1016/j.jphotobiol.2019.111760 

24. Chaudhuri, S. K., & Malodia, L. (2017). Biosynthesis of zinc oxide nanoparticles using leaf extract 

of Calotropis gigantea: characterization and its evaluation on tree seeKudling growth in nursery 

stage. Applied Nanoscience, 7(8), 501-512. https://doi.org/10.1007/s13204-017-0586-7 

25. Al-Ghamdi, S. A., Alkathiri, T. A., Alfarraj, A. E., Alatawi, O. M., Alkathiri, A. S., Panneerselvam, 

C., Vanaraj, S., Darwish, A. A. A., Hamdalla, T. A., Pasha, A., & Khasim, S. (2022). Green 

synthesis and characterization of zinc oxide nanoparticles using Camellia sinensis tea leaf extract 

and their antioxidant, anti-bactericidal and anticancer efficacy. Research on Chemical 

Intermediates, 48(11), 4769-4783. https://doi.org/10.1007/s11164-022-04845-z 

26. Suresh, D., Nethravathi, P. C., Rajanaika, H., Nagabhushana, H., & Sharma, S. C. (2015). Green 

synthesis of multifunctional zinc oxide (ZnO) nanoparticles using Cassia fistula plant extract and 

their photodegradative, antioxidant and antibacterial activities. Materials Science in Semiconductor 

Processing, 31, 446-454. https://doi.org/10.1016/j.mssp.2014.12.023 

27. Zheng, Y., Fu, L., Han, F., Wang, A., Cai, W., Yu, J., Yang, J., & Peng, F. (2015). Green 

biosynthesis and characterization of zinc oxide nanoparticles using Corymbia citriodora leaf extract 

and their photocatalytic activity. Green Chemistry Letters and Reviews, 8(2), 59-63. 

https://doi.org/10.1080/17518253.2015.1075069 

28. Kahsay, M. H., Tadesse, A., RamaDevi, D., Belachew, N., & Basavaiah, K. (2019). Green synthesis 

of zinc oxide nanostructures and investigation of their photocatalytic and bactericidal 

applications. RSC advances, 9(63), 36967-36981. https://doi.org/10.1039/C9RA07630A 

29. Ahmad, H., Venugopal, K., Rajagopal, K., De Britto, S., Nandini, B., Pushpalatha, H. G., Konappa, 

N., Udayashankar, A. C., Geetha, N., & Jogaiah, S. (2020). Green synthesis and characterization 

of zinc oxide nanoparticles using Eucalyptus globules and their fungicidal ability against 

pathogenic fungi of apple orchards. Biomolecules, 10(3), 425. 

https://doi.org/10.3390/biom10030425 

30. Kumar, N. H., Andia, J. D., Manjunatha, S., Murali, M., Amruthesh, K. N., & Jagannath, S. (2019). 

Antimitotic and DNA-binding potential of biosynthesized ZnO-Nanoparticles from leaf extract of 

Justicia wynaadensis (Nees) Heyne-A medicinal herb. Biocatalysis and Agricultural 

Biotechnology, 18, 101024. https://doi.org/10.1016/j.bcab.2019.101024 

31. Chemingui, H., Missaoui, T., Mzali, J. C., Yildiz, T., Konyar, M., Smiri, M., Saidi, N., Hafiane, 

A., & Yatmaz, H. C. (2019). Facile green synthesis of zinc oxide nanoparticles (ZnO 

Nanoparticles): Antibacterial and photocatalytic activities. Materials Research Express, 6(10), 

1050b4. https://doi.org/10.1088/2053-1591/ab3cd6 

https://doi.org/10.1016/j.jphotobiol.2019.111760
https://doi.org/10.1007/s13204-017-0586-7
https://doi.org/10.1007/s11164-022-04845-z
https://doi.org/10.1016/j.mssp.2014.12.023
https://doi.org/10.1080/17518253.2015.1075069
https://doi.org/10.1039/C9RA07630A
https://doi.org/10.3390/biom10030425
https://doi.org/10.1016/j.bcab.2019.101024
https://doi.org/10.1088/2053-1591/ab3cd6


49 

 

32. Ali, S., Sudha, K. G., Karunakaran, G., Kowsalya, M., Kolesnikov, E., & Rajeshkumar, M. P. 

(2021). Green synthesis of stable antioxidant, anticancer and photocatalytic activity of zinc oxide 

nanorods from Leea asiatica leaf. Journal of Biotechnology, 329, 65-79. 

https://doi.org/10.1016/j.jbiotec.2021.01.022 

33. Naseer, M., Aslam, U., Khalid, B., & Chen, B. (2020). Green route to synthesize Zinc Oxide 

Nanoparticles using leaf extracts of Cassia fistula and Melia azadarach and their antibacterial 

potential. Scientific Reports, 10(1), 9055. https://doi.org/10.1038/s41598-020-65949-3 

34. Mohammadian, M., Es’haghi, Z., & Hooshmand, S. (2018). Green and chemical synthesis of zinc 

oxide nanoparticles and size evaluation by UV–vis spectroscopy. J Nanomed Res, 7(1), 00175. 

http://dx.doi.org/10.15406/jnmr.2018.07.00175 

35. Vahidi, A., Vaghari, H., Najian, Y., Najian, M. J., & Jafarizadeh-Malmiri, H. (2019). Evaluation 

of three different green fabrication methods for the synthesis of crystalline ZnO Nanoparticles using 

Pelargonium zonale leaf extract. Green Processing and Synthesis, 8(1), 302-308. 

https://doi.org/10.1515/gps-2018-0097 

36. MuthuKathija, M., Badhusha, M. S. M., & Rama, V. (2023). Green synthesis of zinc oxide 

nanoparticles using Pisonia Alba leaf extract and its antibacterial activity. Applied Surface Science 

Advances, 15, 100400. https://doi.org/10.1016/j.apsadv.2023.100400 

37. Miri, A., Mahdinejad, N., Ebrahimy, O., Khatami, M., & Sarani, M. (2019). Zinc oxide 

nanoparticles: Biosynthesis, characterization, antifungal and cytotoxic activity. Materials Science 

and Engineering: C, 104, 109981. https://doi.org/10.1016/j.msec.2019.109981 

38. Umamaheswari, A., Prabu, S. L., John, S. A., & Puratchikody, A. (2021). Green synthesis of zinc 

oxide nanoparticles using leaf extracts of Raphanus sativus var. Longipinnatus and evaluation of 

their anticancer property in A549 cell lines. Biotechnology Reports, 29, e00595. 

https://doi.org/10.1016/j.btre.2021.e00595 

39. Ramesh, M., Anbuvannan, M., & Viruthagiri, G. J. S. A. P. A. M. (2015). Green synthesis of ZnO 

Nanoparticles using Solanum nigrum leaf extract and their antibacterial activity. Spectrochimica 

Acta Part A: Molecular and Biomolecular Spectroscopy, 136, 864-870. 

https://doi.org/10.1016/j.saa.2014.09.105 

40. Chandrasekaran, S., Anusuya, S., & Anbazhagan, V. (2022). Anticancer, anti-diabetic, 

antimicrobial activity of zinc oxide nanoparticles: A comparative analysis. Journal of Molecular 

Structure, 1263, 133139. https://doi.org/10.1016/j.molstruc.2022.133139 

https://doi.org/10.1016/j.jbiotec.2021.01.022
https://doi.org/10.1038/s41598-020-65949-3
http://dx.doi.org/10.15406/jnmr.2018.07.00175
https://doi.org/10.1515/gps-2018-0097
https://doi.org/10.1016/j.apsadv.2023.100400
https://doi.org/10.1016/j.msec.2019.109981
https://doi.org/10.1016/j.btre.2021.e00595
https://doi.org/10.1016/j.saa.2014.09.105
https://doi.org/10.1016/j.molstruc.2022.133139


50 

 

41. Nazneen, S., & Sultana, S. (2024). Green synthesis and characterization of Cissus quadrangularis. 

L stem mediated zinc oxide nanoparticles. Plant Sci. Archives, 1(05), 10-5147. 

https://doi.org/10.51470/PSA.2024.9.1.01 

42. Wafaey, A. A., El-Hawary, S. S., Abdelhameed, M. F., El Raey, M. A., Abdelrahman, S. S., Ali, 

A. M., & Kirollos, F. N. (2024). Green synthesis of zinc oxide nanoparticles using ethanolic extract 

of Gliricidia sepium (Jacq.) Kunth. ex. Walp., stem: Characterizations and their gastroprotective 

effect on ethanol-induced gastritis in rats. Bioorganic Chemistry, 145, 107225. 

https://doi.org/10.1016/j.bioorg.2024.107225 

43. Jayappa, M. D., Ramaiah, C. K., Kumar, M. A. P., Suresh, D., Prabhu, A., Devasya, R. P., & 

Sheikh, S. (2020). Green synthesis of zinc oxide nanoparticles from the leaf, stem and in vitro 

grown callus of Mussaenda frondosa L.: characterization and their applications. Applied 

nanoscience, 10, 3057-3074. https://doi.org/10.1007/s13204-020-01382-2 

44. Fodil, N., Serra, D., Abdullah, J. A. A., Domínguez-Robles, J., Romero, A., & Abdelilah, A. (2024). 

Comparative Effect of Antioxidant and Antibacterial Potential of Zinc Oxide Nanoparticles from 

Aqueous Extract of Nepeta nepetella through Different Precursor 

Concentrations. Materials, 17(12), 2853. https://doi.org/10.3390/ma17122853 

45. Ekinci, A., Şahin, Ö., Kutluay, S., Horoz, S., Canpolat, G., Çokyaşa, M., & Baytar, O. (2024). 

Designing copper-doped zinc oxide nanoparticle by tobacco stem extract-mediated green synthesis 

for solar cell efficiency and photocatalytic degradation of methylene blue. International Journal of 

Phytoremediation, 26(13), 2183-2193. https://doi.org/10.1080/15226514.2024.2379605 

46. Naser, R., Abu-Huwaij, R., Al-khateeb, I., Abbas, M. M., & Atoom, A. M. (2021). Green synthesis 

of zinc oxide nanoparticles using the root hair extract of Phoenix dactylifera: Antimicrobial and 

anticancer activity. Applied Nanoscience, 11, 1747-1757. https://doi.org/10.1007/s13204-021-

01837-0 

47. Nagajyothi, P. C., Cha, S. J., Yang, I. J., Sreekanth, T. V. M., Kim, K. J., & Shin, H. M. (2015). 

Antioxidant and anti-inflammatory activities of zinc oxide nanoparticles synthesized using 

Polygala tenuifolia root extract. Journal of Photochemistry and Photobiology B: Biology, 146, 10-

17. https://doi.org/10.1016/j.jphotobiol.2015.02.008 

48. Rajendran, N. K., George, B. P., Houreld, N. N., & Abrahamse, H. (2021). Synthesis of zinc oxide 

nanoparticles using Rubus fairholmianus root extract and their activity against pathogenic 

bacteria. Molecules, 26(10), 3029. https://doi.org/10.3390/molecules26103029 

49. Digisu, A. W., Yaebyo, A. B., Kebede, W. L., Kebede, D. Y., & Molla, D. K. (2024). Biogenic 

synthesis, optimization, and characterization of zinc oxide nanoparticles using Rumex abyssinicus 

https://doi.org/10.51470/PSA.2024.9.1.01
https://doi.org/10.1016/j.bioorg.2024.107225
https://doi.org/10.1007/s13204-020-01382-2
https://doi.org/10.3390/ma17122853
https://doi.org/10.1080/15226514.2024.2379605
https://doi.org/10.1007/s13204-021-01837-0
https://doi.org/10.1007/s13204-021-01837-0
https://doi.org/10.1016/j.jphotobiol.2015.02.008
https://doi.org/10.3390/molecules26103029


51 

 

Jacq root extract for antioxidant and antibacterial activities. Results in Chemistry, 12, 101857. 

https://doi.org/10.1016/j.rechem.2024.101857 

50. Chen, L., Batjikh, I., Hurh, J., Han, Y., Huo, Y., Ali, H., Li, J. F., Rupa, E. J., Ahn, J. C., 

Mathiyalagan, R., & Yang, D. C. (2019). Green synthesis of zinc oxide nanoparticles from root 

extract of Scutellaria baicalensis and its photocatalytic degradation activity using methylene 

blue. Optik, 184, 324-329. https://doi.org/10.1016/j.ijleo.2019.03.051 

51. Raj, L. F. A., & Jayalakshmy, E. (2015). Biosynthesis and characterization of zinc oxide 

nanoparticles using root extract of Zingiber officinale. Orient. J. Chem, 31(1), 51-56. 

http://dx.doi.org/10.13005/ojc/310105 

52. Azizi, S., Mohamad, R., Bahadoran, A., Bayat, S., Rahim, R. A., Ariff, A., & Saad, W. Z. (2016). 

Effect of annealing temperature on antimicrobial and structural properties of bio-synthesized zinc 

oxide nanoparticles using flower extract of Anchusa italica. Journal of Photochemistry and 

Photobiology B: Biology, 161, 441-449. https://doi.org/10.1016/j.jphotobiol.2016.06.007 

53. Rauf, M. A., Oves, M., Rehman, F. U., Khan, A. R., & Husain, N. (2019). Bougainvillea flower 

extract mediated zinc oxide’s nanomaterials for antimicrobial and anticancer activity. Biomedicine 

& Pharmacotherapy, 116, 108983. https://doi.org/10.1016/j.biopha.2019.108983 

54. Aydin Acar, C., Gencer, M. A., Pehlivanoglu, S., Yesilot, S., & Donmez, S. (2024). Green and eco‐

friendly biosynthesis of zinc oxide nanoparticles using Calendula officinalis flower extract: Wound 

healing potential and antioxidant activity. International wound journal, 21(1), e14413. 

https://doi.org/10.1111/iwj.14413 

55. Nguyen, D. T. C., Le, H. T., Nguyen, T. T., Nguyen, T. T. T., Bach, L. G., Nguyen, T. D., & Van 

Tran, T. (2021). Multifunctional ZnO Nanoparticles bio-fabricated from Canna indica L. flowers 

for seed germination, adsorption, and photocatalytic degradation of organic dyes. Journal of 

Hazardous Materials, 420, 126586. https://doi.org/10.1016/j.jhazmat.2021.126586 

56. Karunakaran, G., Jagathambal, M., Kumar, G. S., & Kolesnikov, E. (2020). Hylotelephium 

telephium flower extract-mediated biosynthesis of CuO and ZnO Nanoparticles with promising 

antioxidant and antibacterial properties for healthcare applications. Jom, 72(3), 1264-1272. 

https://doi.org/10.1007/s11837-020-04007-9 

57. Sharma, D., Sabela, M. I., Kanchi, S., Mdluli, P. S., Singh, G., Stenström, T. A., & Bisetty, K. 

(2016). Biosynthesis of ZnO Nanoparticles using Jacaranda mimosifolia flowers extract: 

synergistic antibacterial activity and molecular simulated facet specific adsorption studies. Journal 

of Photochemistry and Photobiology B: Biology, 162, 199-207. 

https://doi.org/10.1016/j.jphotobiol.2016.06.043 

https://doi.org/10.1016/j.rechem.2024.101857
https://doi.org/10.1016/j.ijleo.2019.03.051
http://dx.doi.org/10.13005/ojc/310105
https://doi.org/10.1016/j.jphotobiol.2016.06.007
https://doi.org/10.1016/j.biopha.2019.108983
https://doi.org/10.1111/iwj.14413
https://doi.org/10.1016/j.jhazmat.2021.126586
https://doi.org/10.1007/s11837-020-04007-9
https://doi.org/10.1016/j.jphotobiol.2016.06.043


52 

 

58. Khara, G., Padalia, H., Moteriya, P., & Chanda, S. (2018). Peltophorum pterocarpum flower-

mediated synthesis, characterization, antimicrobial and cytotoxic activities of ZnO 

Nanoparticles. Arabian Journal for Science and Engineering, 43, 3393-3401. 

https://doi.org/10.1007/s13369-017-2875-6 

59. Chandrasekaran, S., Anbazhagan, V., & Anusuya, S. (2023). Green route synthesis of ZnO 

Nanoparticles using Senna auriculata aqueous flower extract as reducing agent and evaluation of 

its antimicrobial, antidiabetic and cytotoxic activity. Applied Biochemistry and 

Biotechnology, 195(6), 3840-3854. https://doi.org/10.1007/s12010-022-03900-0 

60. Sumithra, K., Ramya, V., Kalaiselvi, V., Vidhya, N., & Surya, K. (2020). Investigation on 

Trifolium prantese Capped Zinc oxide Nanoparticles for Cancer Applications. J. Environ. 

Nanotechnol, 9(2), 24-29. https://dx.doi.org/10.13074/jent.2020.06.202410 

61. Al-Mohaimeed, A. M., Al-Onazi, W. A., & El-Tohamy, M. F. (2022). Multifunctional eco-friendly 

synthesis of ZnO Nanoparticles in biomedical applications. Molecules, 27(2), 579. 

https://doi.org/10.3390/molecules27020579 

62. Donga, S., & Chanda, S. (2022). Caesalpinia crista seeds mediated green synthesis of zinc oxide 

nanoparticles for antibacterial, antioxidant, and anticancer activities. BioNanoScience, 12(2), 451-

462. https://doi.org/10.1007/s12668-022-00952-8 

63. Azizi, S., Mohamad, R., & Mahdavi Shahri, M. (2017). Green microwave-assisted combustion 

synthesis of zinc oxide nanoparticles with Citrullus colocynthis (L.) Schrad: characterization and 

biomedical applications. Molecules, 22(2), 301. https://doi.org/10.3390/molecules22020301 

64. Moghaddas, S. M. T. H., Elahi, B., & Javanbakht, V. (2020). Biosynthesis of pure zinc oxide 

nanoparticles using Quince seed mucilage for photocatalytic dye degradation. Journal of Alloys 

and Compounds, 821, 153519. https://doi.org/10.1016/j.jallcom.2019.153519 

65. Shabaani, M., Rahaiee, S., Zare, M., & Jafari, S. M. (2020). Green synthesis of ZnO Nanoparticles 

using loquat seed extract; Biological functions and photocatalytic degradation properties. Lwt, 134, 

110133. https://doi.org/10.1016/j.lwt.2020.110133 

66. Rajeshkumar, S., Parameswari, R. P., Sandhiya, D., Al-Ghanim, K. A., Nicoletti, M., & 

Govindarajan, M. (2023). Green synthesis, characterization and bioactivity of Mangifera indica 

seed-wrapped zinc oxide nanoparticles. Molecules, 28(6), 2818. 

https://doi.org/10.3390/molecules28062818 

67. Alaghemand, A., Khaghani, S., Bihamta, M. R., Gomarian, M., & Ghorbanpour, M. (2018). Green 

synthesis of zinc oxide nanoparticles using Nigella sativa L. extract: the effect on the height and 

https://doi.org/10.1007/s13369-017-2875-6
https://doi.org/10.1007/s12010-022-03900-0
https://dx.doi.org/10.13074/jent.2020.06.202410
https://doi.org/10.3390/molecules27020579
https://doi.org/10.1007/s12668-022-00952-8
https://doi.org/10.3390/molecules22020301
https://doi.org/10.1016/j.jallcom.2019.153519
https://doi.org/10.1016/j.lwt.2020.110133
https://doi.org/10.3390/molecules28062818


53 

 

number of branches. Journal of Nanostructures, 8(1), 82-88. 

https://doi.org/10.22052/JNS.2018.01.010 

68. Arvanag, F. M., Bayrami, A., Habibi-Yangjeh, A., & Pouran, S. R. (2019). A comprehensive study 

on antidiabetic and antibacterial activities of ZnO Nanoparticles biosynthesized using Silybum 

marianum L seed extract. Materials Science and Engineering: C, 97, 397-405. 

https://doi.org/10.1016/j.msec.2018.12.058 

69. Roopan, S. M., Mathew, R. S., Mahesh, S. S., Titus, D., Aggarwal, K., Bhatia, N., Damodharan, 

K. I., Elumalai, E., & Samuel, J. J. (2019). Environmental friendly synthesis of zinc oxide 

nanoparticles and estimation of its larvicidal activity against Aedes aegypti. International Journal 

of Environmental Science and Technology, 16, 8053-8060. https://doi.org/10.1007/s13762-018-

2175-z 

70. Suresh, D., Shobharani, R. M., Nethravathi, P. C., Kumar, M. P., Nagabhushana, H., & Sharma, S. 

C. (2015). Artocarpus gomezianus aided green synthesis of ZnO Nanoparticles: Luminescence, 

photocatalytic and antioxidant properties. Spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy, 141, 128-134. https://doi.org/10.1016/j.saa.2015.01.048 

71. Chakraborty, S., Farida, J. J., Simon, R., Kasthuri, S., & Mary, N. L. (2020). Averrhoe carrambola 

fruit extract assisted green synthesis of ZnO Nanoparticles for the photodegradation of congo red 

dye. Surfaces and Interfaces, 19, 100488. https://doi.org/10.1016/j.surfin.2020.100488 

72. Karuppaiya Vimala, K. V., Shenbagamoorthy Sundarraj, S. S., Manickam Paulpandi, M. P., 

Srinivasan Vengatesan, S. V., & Soundarapandian Kannan, S. K. (2014). Green synthesized 

doxorubicin loaded zinc oxide nanoparticles regulates the Bax and Bcl-2 expression in breast and 

colon carcinoma. https://doi.org/10.1016/j.procbio.2013.10.007 

73. Neamah, S. A., Albukhaty, S., Falih, I. Q., Dewir, Y. H., & Mahood, H. B. (2023). Biosynthesis of 

zinc oxide nanoparticles using Capparis spinosa L. fruit extract: characterization, biocompatibility, 

and antioxidant activity. Applied Sciences, 13(11), 6604. https://doi.org/10.3390/app13116604 

74. Mthana, M. S., Mthiyane, D. M., Onwudiwe, D. C., & Singh, M. (2022). Biosynthesis of ZnO 

Nanoparticles using capsicum Chinense fruit extract and their in vitro cytotoxicity and antioxidant 

assay. Applied Sciences, 12(9), 4451. https://doi.org/10.3390/app12094451 

75. Hinge, S. P., & Pandit, A. B. (2017). Solar-assisted synthesis of ZnO Nanoparticles using lime 

juice: a green approach. Advances in Natural Sciences: Nanoscience and Nanotechnology, 8(4), 

045006. https://doi.org/10.1088/2043-6254/aa84e1 

76. Lal, S., Verma, R., Chauhan, A., Dhatwalia, J., Guleria, I., Ghotekar, S., Thakur, S., Mansi, K., 

Kumar, R., Kumari, A., & Kumar, P. (2022). Antioxidant, antimicrobial, and photocatalytic activity 

https://doi.org/10.22052/JNS.2018.01.010
https://doi.org/10.1016/j.msec.2018.12.058
https://doi.org/10.1007/s13762-018-2175-z
https://doi.org/10.1007/s13762-018-2175-z
https://doi.org/10.1016/j.saa.2015.01.048
https://doi.org/10.1016/j.surfin.2020.100488
https://doi.org/10.1016/j.procbio.2013.10.007
https://doi.org/10.3390/app13116604
https://doi.org/10.3390/app12094451
https://doi.org/10.1088/2043-6254/aa84e1


54 

 

of green synthesized ZnO-Nanoparticles from Myrica esculenta fruits extract. Inorganic Chemistry 

Communications, 141, 109518. https://doi.org/10.1016/j.inoche.2022.109518 

77. Faisal, S., Jan, H., Shah, S. A., Shah, S., Khan, A., Akbar, M. T., Rizwan, M., Jan, F., Wajidullah, 

Akhtar, N., Khattak, A., & Syed, S. (2021). Green synthesis of zinc oxide (ZnO) nanoparticles 

using aqueous fruit extracts of Myristica fragrans: their characterizations and biological and 

environmental applications. ACS omega, 6(14), 9709-9722. 

https://doi.org/10.1021/acsomega.1c00310 

78. Chennimalai, M., Vijayalakshmi, V., Senthil, T. S., & Sivakumar, N. (2021). One-step green 

synthesis of ZnO Nanoparticles using Opuntia humifusa fruit extract and their antibacterial 

activities. Materials Today: Proceedings, 47, 1842-1846. 

https://doi.org/10.1016/j.matpr.2021.03.409 

79. Jafarirad, S., Mehrabi, M., Divband, B., & Kosari-Nasab, M. (2016). Biofabrication of zinc oxide 

nanoparticles using fruit extract of Rosa canina and their toxic potential against bacteria: A 

mechanistic approach. Materials Science and Engineering: C, 59, 296-302. 

https://doi.org/10.1016/j.msec.2015.09.089 

80. Elbrolesy, A., Abdou, Y., Elhussiny, F. A., & Morsy, R. (2023). Novel green synthesis of UV-

sunscreen ZnO Nanoparticles using solanum lycopersicum fruit extract and evaluation of their 

antibacterial and anticancer activity. Journal of Inorganic and Organometallic Polymers and 

Materials, 33(12), 3750-3759. https://doi.org/10.1007/s10904-023-02744-3 

81. Buazar, F., Bavi, M., Kroushawi, F., Halvani, M., Khaledi-Nasab, A., & Hossieni, S. A. (2016). 

Potato extract as reducing agent and stabiliser in a facile green one-step synthesis of ZnO 

Nanoparticles. Journal of Experimental Nanoscience, 11(3), 175-184. 

https://doi.org/10.1080/17458080.2015.1039610 

82. Golmohammadi, M., Honarmand, M., & Ghanbari, S. (2020). A green approach to synthesis of 

ZnO Nanoparticles using jujube fruit extract and their application in photocatalytic degradation of 

organic dyes. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 229, 

117961. https://doi.org/10.1016/j.saa.2019.117961 

83. Klinbumrung, A., Panya, R., Pung-Ngama, A., Nasomjai, P., Saowalakmeka, J., & Sirirak, R. 

(2022). Green synthesis of ZnO Nanoparticles by pineapple peel extract from various alkali 

sources. Journal of Asian Ceramic Societies, 10(4), 755-765. 

https://doi.org/10.1080/21870764.2022.2127504 

84. Çolak, H., & Karaköse, E. (2017). Green synthesis and characterization of nanostructured ZnO thin 

films using Citrus aurantifolia (lemon) peel extract by spin-coating method. Journal of Alloys and 

Compounds, 690, 658-662. https://doi.org/10.1016/j.jallcom.2016.08.090 

https://doi.org/10.1016/j.inoche.2022.109518
https://doi.org/10.1021/acsomega.1c00310
https://doi.org/10.1016/j.matpr.2021.03.409
https://doi.org/10.1016/j.msec.2015.09.089
https://doi.org/10.1007/s10904-023-02744-3
https://doi.org/10.1080/17458080.2015.1039610
https://doi.org/10.1016/j.saa.2019.117961
https://doi.org/10.1080/21870764.2022.2127504
https://doi.org/10.1016/j.jallcom.2016.08.090


55 

 

85. Luque, P. A., Soto-Robles, C. A., Nava, O., Gomez-Gutierrez, C. M., Castro-Beltran, A., Garrafa-

Galvez, H. E., Vilchis-Nestor, A. R., & Olivas, A. (2018). Green synthesis of zinc oxide 

nanoparticles using Citrus sinensis extract. Journal of Materials Science: Materials in 

Electronics, 29, 9764-9770. https://doi.org/10.1007/s10854-018-9015-2 

86. Priyadharshini, S. S., Shubha, J. P., Shivalingappa, J., Adil, S. F., Kuniyil, M., Hatshan, M. R., 

Shaik, B., & Kavalli, K. (2022). Photocatalytic degradation of methylene blue and metanil yellow 

dyes using green synthesized zinc oxide (ZnO) nanocrystals. Crystals, 12(1), 22. 

https://doi.org/10.3390/cryst12010022 

87. Aminuzzaman, M., Ng, P. S., Goh, W. S., Ogawa, S., & Watanabe, A. (2019). Value-adding to 

dragon fruit (Hylocereus polyrhizus) peel biowaste: green synthesis of ZnO Nanoparticles and their 

characterization. Inorganic and Nano-Metal Chemistry, 49(11), 401-411. 

https://doi.org/10.1080/24701556.2019.1661464 

88. Nava, O. J., Soto-Robles, C. A., Gómez-Gutiérrez, C. M., Vilchis-Nestor, A. R., Castro-Beltrán, 

A., Olivas, A., & Luque, P. A. (2017). Fruit peel extract mediated green synthesis of zinc oxide 

nanoparticles. Journal of Molecular Structure, 1147, 1-6. 

https://doi.org/10.1016/j.molstruc.2017.06.078 

89. Abdullah, F. H., Bakar, N. A., & Bakar, M. A. (2020). Low temperature biosynthesis of crystalline 

zinc oxide nanoparticles from Musa acuminata peel extract for visible-light degradation of 

methylene blue. Optik, 206, 164279. https://doi.org/10.1016/j.ijleo.2020.164279 

90. Imade, E. E., Ajiboye, T. O., Fadiji, A. E., Onwudiwe, D. C., & Babalola, O. O. (2022). Green 

synthesis of zinc oxide nanoparticles using plantain peel extracts and the evaluation of their 

antibacterial activity. Scientific African, 16, e01152. https://doi.org/10.1016/j.sciaf.2022.e01152 

91. Karnan, T., & Selvakumar, S. A. S. (2016). Biosynthesis of ZnO Nanoparticles using rambutan 

(Nephelium lappaceumL.) peel extract and their photocatalytic activity on methyl orange 

dye. Journal of molecular Structure, 1125, 358-365. 

https://doi.org/10.1016/j.molstruc.2016.07.029 

92. Khan, M., Ware, P., & Shimpi, N. (2021). Synthesis of ZnO Nanoparticles using peels of Passiflora 

foetida and study of its activity as an efficient catalyst for the degradation of hazardous organic 

dye. SN Applied Sciences, 3, 1-17. https://doi.org/10.1007/s42452-021-04436-4 

93. Fouda, A., Saied, E., Eid, A. M., Kouadri, F., Alemam, A. M., Hamza, M. F., Alharbi, M., Elkelish, 

A., & Hassan, S. E. D. (2023). Green synthesis of zinc oxide nanoparticles using an aqueous extract 

of punica granatum for antimicrobial and catalytic activity. Journal of Functional 

Biomaterials, 14(4), 205. https://doi.org/10.3390/jfb14040205 

https://doi.org/10.1007/s10854-018-9015-2
https://doi.org/10.3390/cryst12010022
https://doi.org/10.1080/24701556.2019.1661464
https://doi.org/10.1016/j.molstruc.2017.06.078
https://doi.org/10.1016/j.ijleo.2020.164279
https://doi.org/10.1016/j.sciaf.2022.e01152
https://doi.org/10.1016/j.molstruc.2016.07.029
https://doi.org/10.1007/s42452-021-04436-4
https://doi.org/10.3390/jfb14040205


56 

 

94. Iqtedar, M., Riaz, H., Kaleem, A., Abdullah, R., Aihetasham, A., Naz, S., & Sharif, S. (2020). 

Biosynthesis, optimization and characterization of ZnO nanoparticles using Bacillus cereus 

MN181367 and their antimicrobial activity against multidrug resistant bacteria. Revista Mexicana 

de ingeniería química, 19(Sup. 1), 253-266. https://doi.org/10.24275/rmiq/Bio1605 

95. Tripathi, R. M., Bhadwal, A. S., Gupta, R. K., Singh, P., Shrivastav, A., & Shrivastav, B. R. (2014). 

ZnO nanoflowers: novel biogenic synthesis and enhanced photocatalytic activity. Journal of 

Photochemistry and Photobiology B: Biology, 141, 288-295. 

https://doi.org/10.1016/j.jphotobiol.2014.10.001 

96. Taran, M., Rad, M., & Alavi, M. (2017). Biosynthesis of TiO2 and ZnO nanoparticles by 

Halomonas elongata IBRC-M 10214 in different conditions of medium. BioImpacts: BI, 8(2), 81. 

https://doi.org/10.15171/bi.2018.10 

97. Mohd Yusof, H., Abdul Rahman, N. A., Mohamad, R., Zaidan, U. H., & Samsudin, A. A. (2020). 

Biosynthesis of zinc oxide nanoparticles by cell-biomass and supernatant of Lactobacillus 

plantarum TA4 and its antibacterial and biocompatibility properties. Scientific reports, 10(1), 

19996. https://doi.org/10.1038/s41598-020-76402-w 

98. Prasad, K., & Jha, A. K. (2009). ZnO nanoparticles: synthesis and adsorption study. Natural 

Science, 1(02), 129. http://dx.doi.org/10.4236/ns.2009.12016  

99. Barani, M., Masoudi, M., Mashreghi, M., Makhdoumi, A., & Eshghi, H. (2021). Cell-free extract 

assisted synthesis of ZnO nanoparticles using aquatic bacterial strains: Biological activities and 

toxicological evaluation. International Journal of Pharmaceutics, 606, 120878. 

https://doi.org/10.1016/j.ijpharm.2021.120878 

100. Singh, B. N., Rawat, A. K. S., Khan, W., Naqvi, A. H., & Singh, B. R. (2014). Biosynthesis 

of stable antioxidant ZnO nanoparticles by Pseudomonas aeruginosa rhamnolipids. PloS one, 9(9), 

e106937. https://doi.org/10.1371/journal.pone.0106937 

101. Jayabalan, J., Mani, G., Krishnan, N., Pernabas, J., Devadoss, J. M., & Jang, H. T. (2019). 

Green biogenic synthesis of zinc oxide nanoparticles using Pseudomonas putida culture and its In 

vitro antibacterial and anti-biofilm activity. Biocatalysis and Agricultural Biotechnology, 21, 

101327. https://doi.org/10.1016/j.bcab.2019.101327 

102. Dhandapani, P., Siddarth, A. S., Kamalasekaran, S., Maruthamuthu, S., & Rajagopal, G. 

(2014). Bio-approach: ureolytic bacteria mediated synthesis of ZnO nanocrystals on cotton fabric 

and evaluation of their antibacterial properties. Carbohydrate polymers, 103, 448-455. 

https://doi.org/10.1016/j.carbpol.2013.12.074 

https://doi.org/10.24275/rmiq/Bio1605
https://doi.org/10.1016/j.jphotobiol.2014.10.001
https://doi.org/10.15171/bi.2018.10
https://doi.org/10.1038/s41598-020-76402-w
http://dx.doi.org/10.4236/ns.2009.12016
https://doi.org/10.1016/j.ijpharm.2021.120878
https://doi.org/10.1371/journal.pone.0106937
https://doi.org/10.1016/j.bcab.2019.101327
https://doi.org/10.1016/j.carbpol.2013.12.074


57 

 

103. Shaaban, M., & El‐Mahdy, A. M. (2018). Biosynthesis of Ag, Se, and ZnO nanoparticles 

with antimicrobial activities against resistant pathogens using waste isolate Streptomyces 

enissocaesilis. IET nanobiotechnology, 12(6), 741-747. https://doi.org/10.1049/iet-nbt.2017.0213 

104. Thema, F. T., Manikandan, E., Dhlamini, M. S., & Maaza, M. J. M. L. (2015). Green 

synthesis of ZnO Nanoparticles via Agathosma betulina natural extract. Materials Letters, 161, 

124-127. https://doi.org/10.1016/j.matlet.2015.08.052 

105. Rao, M. D., & Gautam, P. (2016). Synthesis and characterization of ZnO nanoflowers 

using C hlamydomonas reinhardtii: A green approach. Environmental Progress & Sustainable 

Energy, 35(4), 1020-1026. https://doi.org/10.1002/ep.12315 

106. Priyadharshini, R. I., Prasannaraj, G., Geetha, N., & Venkatachalam, P. (2014). 

Microwave-mediated extracellular synthesis of metallic silver and zinc oxide nanoparticles using 

macro-algae (Gracilaria edulis) extracts and its anticancer activity against human PC3 cell 

lines. Applied biochemistry and biotechnology, 174, 2777-2790. https://doi.org/10.1007/s12010-

014-1225-3 

107. Francavilla, M., Pineda, A., Romero, A. A., Colmenares, J. C., Vargas, C., Monteleone, 

M., & Luque, R. (2014). Efficient and simple reactive milling preparation of photocatalytically 

active porous ZnO nanostructures using biomass derived polysaccharides. Green Chemistry, 16(5), 

2876-2885. https://doi.org/10.1039/C3GC42554A 

108. Sanaeimehr, Z., Javadi, I., & Namvar, F. (2018). Antiangiogenic and antiapoptotic effects 

of green-synthesized zinc oxide nanoparticles using Sargassum muticum algae extraction. Cancer 

nanotechnology, 9, 1-16. https://doi.org/10.1186/s12645-018-0037-5 

109. Nagarajan, S., & Arumugam Kuppusamy, K. (2013). Extracellular synthesis of zinc oxide 

nanoparticle using seaweeds of gulf of Mannar, India. Journal of nanobiotechnology, 11, 1-11. 

https://doi.org/10.1186/1477-3155-11-39 

110. Murugan, K., Roni, M., Panneerselvam, C., Suresh, U., Rajaganesh, R., Aruliah, R., 

Mahyoub, J. A., Trivedi, S., Rehman, H., Al-Aoh, H. A. N., Kumar, S., Higuchi, A., Vaseeharan, 

B., Wei, H., Senthil-Nathan, S., Canale, A., & Benelli, G. (2018). Sargassum wightii-synthesized 

ZnO Nanoparticles reduce the fitness and reproduction of the malaria vector Anopheles stephensi 

and cotton bollworm Helicoverpa armigera. Physiological and Molecular Plant Pathology, 101, 

202-213. https://doi.org/10.1016/j.pmpp.2017.02.004 

111. Hameed, H., Waheed, A., Sharif, M. S., Saleem, M., Afreen, A., Tariq, M., Kamal, A., Al-

onazi, W. A., Farraj, D. A. A., Ahmad, S., & Mahmoud, R. M. (2023). Green synthesis of zinc 

oxide (ZnO) nanoparticles from green algae and their assessment in various biological 

applications. Micromachines, 14(5), 928. https://doi.org/10.3390/mi14050928 

https://doi.org/10.1049/iet-nbt.2017.0213
https://doi.org/10.1016/j.matlet.2015.08.052
https://doi.org/10.1002/ep.12315
https://doi.org/10.1007/s12010-014-1225-3
https://doi.org/10.1007/s12010-014-1225-3
https://doi.org/10.1039/C3GC42554A
https://doi.org/10.1186/s12645-018-0037-5
https://doi.org/10.1186/1477-3155-11-39
https://doi.org/10.1016/j.pmpp.2017.02.004
https://doi.org/10.3390/mi14050928


58 

 

112. Alsaggaf, M. S., Diab, A. M., ElSaied, B. E., Tayel, A. A., & Moussa, S. H. (2021). 

Application of ZnO Nanoparticles phycosynthesized with Ulva fasciata extract for preserving 

peeled shrimp quality. Nanomaterials, 11(2), 385. https://doi.org/10.3390/nano11020385 

113. Ishwarya, R., Vaseeharan, B., Kalyani, S., Banumathi, B., Govindarajan, M., Alharbi, N. 

S., Kadaikunnan, S., Al-anbr, M. N., Khaled, J. M., & Benelli, G. (2018). Facile green synthesis of 

zinc oxide nanoparticles using Ulva lactuca seaweed extract and evaluation of their photocatalytic, 

antibiofilm and insecticidal activity. Journal of Photochemistry and Photobiology B: Biology, 178, 

249-258. https://doi.org/10.1016/j.jphotobiol.2017.11.006 

114. Raliya, R., & Tarafdar, J. C. (2013). ZnO nanoparticle biosynthesis and its effect on 

phosphorous-mobilizing enzyme secretion and gum contents in Clusterbean (Cyamopsis 

tetragonoloba L.). Agricultural Research, 2, 48-57. https://doi.org/10.1007/s40003-012-0049-z 

115. Shamim, A., Mahmood, T., & Abid, M. B. (2019). Biogenic synthesis of zinc oxide (ZnO) 

nanoparticles using a fungus (Aspargillus niger) and Their Characterization. International Journal 

of Chemistry, 11(2), 119. https://doi.org/10.5539/ijc.v11n2p119 

116. Kadam, V. V., Ettiyappan, J. P., & Balakrishnan, R. M. (2019). Mechanistic insight into 

the endophytic fungus mediated synthesis of protein capped ZnO nanoparticles. Materials Science 

and Engineering: B, 243, 214-221. https://doi.org/10.1016/j.mseb.2019.04.017 

117. Li, J. F., Rupa, E. J., Hurh, J., Huo, Y., Chen, L., Han, Y., Ahn, J. C., Park, J. K., Lee, H. 

A., Mathiyalagan, R., & Yang, D. C. (2019). Cordyceps militaris fungus mediated Zinc Oxide 

nanoparticles for the photocatalytic degradation of Methylene blue dye. Optik, 183, 691-697. 

https://doi.org/10.1016/j.ijleo.2019.02.081 

118. Mohamed, A. A., Fouda, A., Abdel-Rahman, M. A., Hassan, S. E. D., El-Gamal, M. S., 

Salem, S. S., & Shaheen, T. I. (2019). Fungal strain impacts the shape, bioactivity and 

multifunctional properties of green synthesized zinc oxide nanoparticles. Biocatalysis and 

Agricultural Biotechnology, 19, 101103. https://doi.org/10.1016/j.bcab.2019.101103 

119. Jayachandran, A., Aswathy, T. R., & Nair, A. S. (2021). Green synthesis and 

characterization of zinc oxide nanoparticles using Cayratia pedata leaf extract. Biochemistry and 

Biophysics Reports, 26, 100995. https://doi.org/10.1016/j.bbrep.2021.100995  

120. Razavi, M., Salahinejad, E., Fahmy, M., Yazdimamaghani, M., Vashaee, D., & Tayebi, L. 

(2015). Green chemical and biological synthesis of nanoparticles and their biomedical 

applications. Green processes for nanotechnology: From inorganic to bioinspired nanomaterials, 

207-235. https://doi.org/10.1007/978-3-319-15461-9_7 

https://doi.org/10.3390/nano11020385
https://doi.org/10.1016/j.jphotobiol.2017.11.006
https://doi.org/10.1007/s40003-012-0049-z
https://doi.org/10.5539/ijc.v11n2p119
https://doi.org/10.1016/j.mseb.2019.04.017
https://doi.org/10.1016/j.ijleo.2019.02.081
https://doi.org/10.1016/j.bcab.2019.101103
https://doi.org/10.1016/j.bbrep.2021.100995
https://doi.org/10.1007/978-3-319-15461-9_7


59 

 

121. Sepahvand, M., Buazar, F., & Sayahi, M. H. (2020). Novel marine‐based gold nanocatalyst 

in solvent‐free synthesis of polyhydroquinoline derivatives: Green and sustainable 

protocol. Applied Organometallic Chemistry, 34(12), e6000. https://doi.org/10.1002/aoc.6000 

122. Mohamad, N. A. N., Arham, N. A., Jai, J., & Hadi, A. (2014). Plant extract as reducing 

agent in synthesis of metallic nanoparticles: a review. Advanced Materials Research, 832, 350-355. 

https://doi.org/10.4028/www.scientific.net/AMR.832.350 

123. Balraj, B., Senthilkumar, N., Siva, C., Krithikadevi, R., Julie, A., Potheher, I. V., & 

Arulmozhi, M. (2017). Synthesis and characterization of zinc oxide nanoparticles using marine 

Streptomyces sp. with its investigations on anticancer and antibacterial activity. Research on 

Chemical Intermediates, 43, 2367-2376. https://doi.org/10.1007/s11164-016-2766-6 

124. Kavitha, G., Kumar, J. V., Arulmozhi, R., & Abirami, N. (2021). Green Synthesis of Copper 

Oxide Nanoparticles Decorated with Graphene Oxide for Anticancer Activity and Catalytic 

Applications: An Advanced Study Approach. New Innov. Chem. Biochem, 6, 124-142. 

https://doi.org/10.1016/j.arabjc.2020.06.033 

125. Yadeta Gemachu, L., & Lealem Birhanu, A. (2024). Green synthesis of ZnO, CuO and 

NiO nanoparticles using Neem leaf extract and comparing their photocatalytic activity under solar 

irradiation. Green Chemistry Letters and Reviews, 17(1), 2293841. 

https://doi.org/10.1080/17518253.2023.2293841 

126. Azizi, S., Ahmad, M. B., Namvar, F., & Mohamad, R. (2014). Green biosynthesis and 

characterization of zinc oxide nanoparticles using brown marine macroalga Sargassum muticum 

aqueous extract. Materials letters, 116, 275-277. https://doi.org/10.1016/j.matlet.2013.11.038 

127. Jamdagni, P., Khatri, P., & Rana, J. S. (2018). Green synthesis of zinc oxide nanoparticles 

using flower extract of Nyctanthes arbor-tristis and their antifungal activity. Journal of King Saud 

University-Science, 30(2), 168-175. https://doi.org/10.1016/j.jksus.2016.10.002 

128. Rai, R. S., Bajpai, V., Khan, M. I., Elboughdiri, N., Shanableh, A., & Luque, R. (2023). An 

eco-friendly approach on green synthesis, bio-engineering applications, and future outlook of ZnO 

nanomaterial: A critical review. Environmental Research, 221, 114807. 

https://doi.org/10.1016/j.jksus.2016.10.002 

 

 

 

 

 

https://doi.org/10.1002/aoc.6000
https://doi.org/10.4028/www.scientific.net/AMR.832.350
https://doi.org/10.1007/s11164-016-2766-6
https://doi.org/10.1016/j.arabjc.2020.06.033
https://doi.org/10.1080/17518253.2023.2293841
https://doi.org/10.1016/j.matlet.2013.11.038
https://doi.org/10.1016/j.jksus.2016.10.002
https://doi.org/10.1016/j.jksus.2016.10.002


60 

 

DELHI TECHNOLOGICAL UNIVERSITY 

(Formerly Delhi College of Engineering Bawana Road, Delhi-110042) 

 

PLAGIARISM VERIFICATION 

 

Title of the Thesis: “Green Synthesis of ZnO Nanoparticles” 

Total Pages: 70, Name of the Student: Ranjit and Chetna Kumari 

Supervisor (s) 

(1)  Prof. Roli Purwar 

Department of Applied Chemistry 

This is to report that the above thesis was scanned for similarity detection. Process and outcome is 

given below: 

Software used: Turnitin, Similarity Index: 8% 

  

Date: 20-06-2025 

  

  

  

Candidate’s Signature                                                                        Signature of Supervisor(s) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



61 

 



62 

 

 

 

 


