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ABSTRACT: Nano chemistry, the branch of chemistry that deals with the design, synthesis, and application of materials at the
nanoscale, has gained significant attention due to the unique physicochemical and biological properties exhibited by
nanoparticles. Among various nanomaterials, zinc oxide nanoparticles (ZnO NPs) have attracted interest because of their
multifunctional applications in the field of medicine, the environment, and industry. Green protocol of zinc oxide nanoparticles
using extract of plant leaves is a sustainable and eco-friendly alternative to conventional methods. Phytochemicals in leaves act
as natural reducing and stabilizing agents, enabling simple and cost-effective nanoparticle formation. This review focus on the
biosynthesis of ZnO NPs using various leaves extracts and their versatile applications, including antibacterial, antifungal,
antioxidant, anti-inflammatory and photocatalytic. These biosynthesised nanoparticles show promising biological and
environmental applications, challenges remain in scaling up production, ensuring reproducibility, and evaluating long-term
safety. This review reports that the specific applications and efficiency of the nanoparticles often depend on the particular
phytochemical composition of the extract used, which influences the final size, shape, and stability of synthesised ZnO NPs. By
consolidating current studies, this review highlights the potential of green-synthesised zinc oxide NPs and encourages future
research toward practical applications.
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1. INTRODUCTION

The current generation focuses on nanotechnology and nanoparticles, making it one of the most active areas in materials science
research [1]. The widespread use of metallic nanoparticles is due to the numerous unique properties they possess [2,3]. The
methodologies used for synthesizing nanoparticles are primarily categorized into three groups: physical methods, chemical
methods, and green synthesis methods. A significant aspect of chemical synthesis techniques is their reliance on expensive and
hazardous reagents, as well as energy-intensive processes, which contribute to their environmental deleterious effects.
Furthermore, these methods often yield substantial byproducts, utilise concentrated reducing agents, and may involve elevated
levels of radiation, alongside potential contamination from precursor materials. Such factors pose considerable environmental
and biological risks, particularly when considered at a larger scale [4-7]. Interest in this field has decisively shifted toward
"green chemistry” and the bioprocessing approach. Green Chemistry provides guiding principles for chemists aiming for more
sustainable practices. Therefore, it has now opened up a new era of safe nanotechnology [8,9]. In this method, vegetables, leaves,
and fruits are used to produce NPs, which are friendly, associated with a low cost, available on a large scale and are easy to get
[10,11]. Phytochemicals already present in plant extracts, such as glycosides, flavonoids, polyphenols, terpenoids, alkaloids,
amino acids, polysaccharides and enzymes, act as capping, stabilising, and reducing agents, simplifying the synthesis process
and enhancing its safety, sustainability [12].

The extraction of leaves is used to produce zinc oxide nanoparticles through a sustainable and environmentally friendly process
known as green synthesis has garnered considerable interest as a viable contender for various biomedical applications due to
their favourable properties, including biocompatibility, low toxicity, and cost-effectiveness [13,14]. Nano-sized ZnO exhibits
varying morphologies and shows robust biological properties, and has been used in several sectors for its antibacterial,
anticancer, antioxidant, anti-inflammatory, and wound-healing properties. Additionally, it is important as a photocatalyst due to
its utility in hydrogen generation, degradation of dye and pollution remediation [15,16]. Zno NPs are among the most commonly
used metal oxide nanoparticles because of their distinctive chemical and optical properties can be easily modified as these
depend on morphology and the band gap [17]. Considering all aspects, the objective of this review article is to explore the
general green synthesis procedure for ZnO nanoparticles and their applications. This review comprises a compilation of recent
advances with clear illustrations for a better understanding of the importance of zinc oxide NPs.
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II. RELATED WORK

General Synthesis of Zinc Oxide Nanoparticles by Using Leaves Extract:

The general procedure for synthesizing zinc oxide nanoparticles (ZnO NPs) using leaves extract involves a sequence of simple,
low-cost, and environmentally benign steps. Fresh, disease-free leaves of the plant such as Syzygium Cumini [19], Laurus nobilis
[21], Moringa oleifera [29], Aloe vera [32], etc, are collected and washed thoroughly with distilled water to remove surface
impurities and dust, followed by shade-drying. A measured amount of leaves is then cut into small pieces and boiled in distilled
water to prepare the aqueous extract, which is subsequently filtered to obtain a clear phytochemical-rich solution. This extract is
then added dropwise to a zinc precursor solution (such as zinc acetate, zinc nitrate [55]) under constant stirring. The bioactive
compounds (phytochemicals) present in the extract act as natural reducing and stabilizing agents, facilitating the reduction of
zinc ions and their conversion into zinc oxide nanoparticles.

The reaction mixture is typically maintained at a controlled temperature and pH to optimise nucleation and growth of
nanoparticles. A visible colour change usually indicates nanoparticle formation. The resulting colloidal suspension is aged,
centrifuged, and repeatedly washed with distilled water and ethanol to remove unbound phytochemicals and impurities. The
purified pellet is dried in an oven and further calcined at appropriate temperatures (typically 300—500 °C) to obtain crystalline
Zinc oxide nanoparticles. The synthesised zinc oxide nanoparticle from different leaves extract is characterised using techniques
such as UV—Visible spectroscopy, FTIR, XRD, SEM and TEM, to confirm their optical, morphological and structural properties.
This standardised green synthesis protocol highlights the simplicity and effectiveness of plant-mediated fabrication of zinc oxide
nanoparticles, making it a valuable approach in sustainable nanotechnology. [18]

Summary of Leaves-Mediated Synthesis of Zinc Oxide Nanoparticles, Morphology and Application

Zinc oxide nanoparticles synthesised by using various leaves extracts have attracted considerable attention due to their
significant photocatalytic and biomedical applications. The summarised Table 1 highlights these applications, and the effect
of different leaves extracts on the morphology and properties of nanoparticles, along with consideration of future challenges
and potential outcomes.

Table 1: Leaves-mediated synthesis of zinc oxide nanoparticles, morphology and application

Biological Source (leaves) | Particle Morphology /shape of | Applications References
Size(nm) Particles
Syzygium cumini 10-12.55 Hexagonal, wurtzite Photo-catalytic activity [19]
Solanum nigrum 20-30 Hexagonal, wurtzite, Antibacterial activities [20]
quasi-spherical
Laurus nobilis 47.27 hexagonal wurtzite, Antibacterial activity, Anticancer [21]
activity
Ocimum Tenuiflorum 13.86 hexagonal, hexagonal Industrial applications [22]
shape
Carica papaya 50 hexagonal wurtzite, Photocatalytic and photovoltaic [23]
spherical
Acmella caulirhiza 97.05 Spherical Antibacterial activity, Antioxidant [18]
activity, anti-inflammatory, and
haemolytic treatments.
Quercus robur 20-60 hexagonal wurtzite Antimicrobial agents, water [24]
purification, and environmental
catalysis, Photocatalytic properties.
Secamone emetica 55.38 Hexagonal wurtzite, Biological applications and [25]
Spherical photocatalytic activity
Passiflora foetida 50-90 Spherical shape Anticancer, antioxidant, [26]
antibacterial
Citrus bergamia 35 Hexagonal Photocatalysis [27]
Merremia quinquefolia 43-70 Rod-like shapes Antioxidant, anti-inflammatory, [28]
anticancer, antibacterial,
biocompatible
Moringa oleifera 5.52 -41.59 Hexagonal, Spherical Degradation of crystal violet dye [29]
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Garcinia mangostana 14.21 Hexagonal wurtzite, Antibacterial [30]
Spherical
Syzygium cumini 35 Hexagonal wurtzite Anticancer, antimicrobial, [31]
antioxidant, and anti-corrosive
Aloe vera 25 Waurtzite, irregular Antimicrobial and Antioxidant [32]
shapes
Cucumis maderaspatanus | 15-25 Hexagonal wurtzite, Photocatalytic and antibacterial [33]
spherical and flower activity
shapes
Calendula officinali 28.23 Wartzite hexagonal, Antioxidant and antibacterial [34]
spherical activity
Pontederia crassipes 39 Hexagonal, wurtzite Anti-breast cancer [35]
phase
Vitex negundo 19 Hexagonal wurtzite, Degradation of methylene blue [36]
spherical
Hardwickia binata 25 Hexagonal quartzite Antioxidant, Anti-inflammatory, [37]
phase, Spherical anti-cancer activity
Ephedra alata 25 Wartzite, Spherical, Photocatalytic activity, antibacterial
activity, antioxidant, antibacterial [38]
Ambrosia ambrosioides 32-37 Wartzite-like, cluster- Photocatalytic Degradation [39]
shaped
Salvia coccinea 5 spherical structure, rod- | Antimicrobial, antioxidant and [40]
like shape anticancer activity.
Calotropis gigantea 48-51 Hexagonal wurtzite, Optoelectronics, antibacterial [41]
grain boundaries properties.
Epipremnum aureum 19.31 Hexagonal crystalline Photocatalytic degradation of [42]
Congo red

Challenges:

e Producing a large amount with consistent quality remains difficult due to variation in extract composition, longer reaction
times, and lower control over synthesis kinetics.
e Challenges remain in achieving precise control of optical, antimicrobial, catalytic or electronic properties.[43]

Future outlook:

Future research will focus on optimising their potency while minimising cytotoxicity to healthy cells. Also, NPs exhibit strong
photocatalytic activity, enabling them to degrade pollutants and organic dyes under light exposure.

III. CONCLUSION

This literature review confirms that plant-mediated synthesis enables precise control over the size, shape, and morphology of
ZnO nanoparticles, with phytochemicals playing a key role in their reduction, stabilisation, and enhanced biological performance.
Green-synthesised zinc oxide NPs consistently show strong anticancer, antioxidant, antibacterial, and anti-inflammatory
activities due to the natural capping agents present in leaf extracts. ZnO NPs produced from Salvia coccinea, Merremia
quinquefolia leaves extract demonstrate stable and high bioactivity, attributed to phenolic and alkaloid compounds. Additionally,
plants such as Syzygium cumini, Citrus bergamia, Moringa oleifera, Vitex negundo, Epipremnum aureum , and Ambrosia
ambrosioides yield ZnO NPs with notable photocatalytic activity. Collectively, these findings highlight the significant potential
of plant-derived phytochemicals in engineering multifunctional ZnO nanoparticles for biomedical and environmental
applications.

Copyright to IJARSET www.ijarset.com 824


http://www.ijarset.com/

International J I of Ad d R h
nternational Journal of Advanced Researc ISSN: 2350-0328

in Science, Engineering and Technology
Vol. 12, Special Issue, December 2025

National Conference on Earth, Elements and Energy:
Interdisciplinary Perspectives (NC3EIP-2025)

REFERENCES

1. Manik, U. P, Nande, A., Raut, S., & Dhoble, S. J. (2020). Green synthesis of silver nanoparticles using plant leaf extraction of Artocarpus heterophylus
and Azadirachta indica. Results in Materials, 6, 100086.

2. Rai, M, Yadav, A., & Gade, A. (2009). Silver nanoparticles as a new generation of antimicrobials. Biotechnology advances, 27(1), 76-83.

3. Makarov, V. V,, Love, A. J., Sinitsyna, O. V., Makarova, S. S., Yaminsky, I. V., Taliansky, M. E., & Kalinina, N. O. (2014). “Green” nanotechnologies:
synthesis of metal nanoparticles using plants. Acta Naturae (anenoszviunas eepcus), 6(1 (20)), 35-44.

4. Arivalagan, K., Ravichandran, S., Rangasamy, K., & Karthikeyan, E. (2011). Nanomaterials and its potential applications.

5. Devi, H. S., & Singh, T. D. (2014). Synthesis of copper oxide nanoparticles by a novel method and its application in the degradation of methyl orange. Adv
Electron Electr Eng, 4(1), 83-88.

6.  Rajendran, S. P., & Sengodan, K. (2017). Synthesis and characterization of zinc oxide and iron oxide nanoparticles using Sesbania grandiflora leaf extract
as reducing agent. Journal of Nanoscience, 2017(1), 8348507.

7. Caroling, G., Vinodhini, E., Ranjitham, A. M., & Shanthi, P. (2015). Biosynthesis of copper nanoparticles using aqueous Phyllanthus embilica
(Gooseberry) extract-characterisation and study of antimicrobial effects. Int J Nano Chem, 1(2), 53-63.

8. Bhuvana, N., & Vanitha, S. (2016). Green Synthesis of Copper, Silver and Iron Nanoparticles: A Review. IOSR Journal of Applied Chemistry (IOSR-
JAC), 9(6), 49-53.

9.  Gebremedhn, K., Kahsay, M. H., & Aklilu, M. (2019). Green synthesis of CuO nanoparticles using leaf extract of Catha edulis and its antibacterial
activity. Journal of Pharmacy and Pharmacology, 7(6), 327-342.

10. Singh, J., Dutta, T., Kim, K. H., Rawat, M., Samddar, P., & Kumar, P. (2018). ‘Green’synthesis of metals and their oxide nanoparticles: applications for
environmental remediation. Journal of nanobiotechnology, 16(1), 84.

11. Barzinjy, A. A., Hamad, S. M., Abdulrahman, A. F., Biro, S. J., & Ghafor, A. A. (2020). Biosynthesis, characterization and mechanism of formation of
ZnO nanoparticles using Petroselinum crispum leaf extract. Current Organic Synthesis, 17(7), 558-566.

12.  Ovais, M., Khalil, A. T., Islam, N. U., Ahmad, I., Ayaz, M., Saravanan, M., ... & Mukherjee, S. (2018). Role of plant phytochemicals and microbial
enzymes in biosynthesis of metallic nanoparticles. Applied microbiology and biotechnology, 102(16), 6799-6814.

13. Prasad, A. R., Williams, L., Garvasis, J., Shamsheera, K. O., Basheer, S. M., Kuruvilla, M., & Joseph, A. (2021). Applications of phytogenic ZnO
nanoparticles: A review on recent advancements. Journal of Molecular Liquids, 331, 115805.

14. El-Seedi, H. R., El-Shabasy, R. M., Khalifa, S. A., Saeed, A., Shah, A., Shah, R., ... & Guo, W. (2019). Metal nanoparticles fabricated by green chemistry
using natural extracts: Biosynthesis, mechanisms, and applications. RSC advances, 9(42), 24539-24559.

15. Gomaa, E. Z. (2022). Microbial mediated synthesis of zinc oxide nanoparticles, characterization and multifaceted applications. Journal of Inorganic and
Organometallic Polymers and Materials, 32(11), 4114-4132.

16. Buzea, C., Pacheco, L. 1., & Robbie, K. (2007). Nanomaterials and nanoparticles: sources and toxicity. Biointerphases, 2(4), MR17-MR71.

17. Dhiman, P., Kumar, A., Shekh, M., Sharma, G., Rana, G., Vo, D. V. N,, ... & ALOthman, Z. A. (2021). Robust magnetic ZnO-Fe203 Z-scheme
hetereojunctions with in-built metal-redox for high performance photo-degradation of sulfamethoxazole and electrochemical dopamine
detection. Environmental research, 197, 111074.

18. Kirubakaran, D., Bupesh, G., Wahid, J. B. A., Murugeswaran, R., Ramalingam, J., Arokiyaraj, S., ... & Panigrahi, J. (2026). Green synthesis of zinc oxide
nanoparticles using Acmella caulirhiza leaf extract: characterization and assessment of antibacterial, antioxidant, anti-inflammatory and hemolytic
properties. Biomedical Materials & Devices, 4(1), 552-573.

19. Sadiq, H., Sher, F., Sehar, S., Lima, E. C., Zhang, S., Igbal, H. M., ... & Nuhanovi¢, M. (2021). Green synthesis of ZnO nanoparticles from Syzygium
Cumini leaves extract with robust photocatalysis applications. Journal of Molecular Liquids, 335, 116567.

20. 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.

21. Vijayakumar, S., Vaseeharan, B., Malaikozhundan, B., & Shobiya, M. (2016). Laurus nobilis leaf extract mediated green synthesis of ZnO nanoparticles:
Characterization and biomedical applications. Biomedicine & Pharmacotherapy, 84, 1213-1222.

22. Sagar Raut, D. P., & Thorat, R. (2015). Green synthesis of zinc oxide (ZnO) nanoparticles using OcimumTenuiflorum leaves. Int. J. Sci. Res, 4(5), 1225-
1228.

23. Rathnasamy, R., Thangasamy, P., Thangamuthu, R., Sampath, S., & Alagan, V. (2017). Green synthesis of ZnO nanoparticles using Carica papaya leaf
extracts for photocatalytic and photovoltaic applications. Journal of Materials Science: Materials in Electronics, 28(14), 10374-10381.

24. Redjili, S., Ghodbane, H., Tahraoui, H., Abdelouahed, L., Chebli, D., Ola, M. S., ... & Lekmine, S. (2025). Green innovation: multifunctional zinc oxide
nanoparticles synthesized using quercus robur for photocatalytic performance, environmental, and antimicrobial applications. Catalysts, 15(3), 256.

25. Sowmiya, M., Selvam, K., & Shivakumar, M. S. (2025). Sustainable fabrication of zinc oxide nanoparticles using Secamone emetica leaf extract:
Biological and environmental applications. Journal of Natural Pesticide Research, 12, 100122.

26. Loganathan, S., Selvam, K., Govindasamy, M., & Habila, M. A. (2025). Bioynthesis and characterization of zinc oxide nanoparticles (ZnO-NPs) using
Passiflora foetida Linn leaves extract and their biological applications. Biomass Conversion and Biorefinery, 15(4), 5861-5871.

27. Manyazewal, D. E., Kiflie, Z., & Kebede, S. (2025). Green synthesis and characterization of citrus bergamia leaves extracted modified zinc oxide
nanoparticles impregnated on cassava peel-based activated carbon. Journal of Sol-Gel Science and Technology, 1-15.

28. Bharathi, A., Meena, R., Ravichandran, D., Natarajan, D., Gatasheh, M. K., Ahamed, A., ... & Murugesan, S. (2024). Green route to synthesize zinc
oxide nanoparticles (ZnONPs) using leaf extracts of Merremia quinquefolia (L.) Hallier f. and their potential applications. Journal of Molecular
Structure, 1317, 139110.

29. Alsolmi, M. M., El-Naggar, N. E. A., Alqurashi, M. 1., & Hamouda, R. A. (2025). Biofabrication of zinc oxide nanoparticles using Moringa oleifera,
characterization and statistical optimization for their application in crystal violet adsorption. Scientific Reports, 15(1), 3780.

30. Chan, Y. B., Aminuzzaman, M., Rahman, M. K., Win, Y. F., Sultana, S., Cheah, S. Y., ... & Tey, L. H. (2024). Green synthesis of ZnO nanoparticles using
the mangosteen (Garcinia mangostana L.) leaf extract: Comparative preliminary in vitro antibacterial study. Green Processing and Synthesis, 13(1),
20230251.

31. Yadav, A., Kumar, H., Kumar, P., Rani, G., & Maken, S. (2025). Syzygium cumini leaf extract mediated green synthesis of ZnO nanoparticles: A sustained
release for anticancer, antimicrobial, antioxidant, and anti-corrosive applications. Journal of Molecular Structure, 1325, 141017.

32. Wu, C.,, Zhang, T., Ji, B., Chou, Y., & Du, X. (2024). Green synthesis of zinc oxide nanoparticles using Aloe vera leaf extract and evaluation of the
antimicrobial and antioxidant properties of the ZnO/regenerated cellulose film. Cellulose, 31(8), 4849-4864.

33.  Gurusamy, M., Sellavel, M., & Kuppuvelsamy, V. (2024). A sustainable green synthesis for photocatalytic and antibacterial activity of zinc oxide
nanoparticles using Cucumis maderaspatanus leaf extract. Desalination and Water Treatment, 319, 100457.

Copyright to IJARSET www.ijarset.com 824


http://www.ijarset.com/

International J I of Ad d R h
nternational Journal of Advanced Researc ISSN: 2350-0328

in Science, Engineering and Technology
Vol. 12, Special Issue, December 2025

National Conference on Earth, Elements and Energy:
Interdisciplinary Perspectives (NC3EIP-2025)

34, Tiwari, A. K., Jha, S., Tripathi, S. K., Shukla, R., Awasthi, R. R., Bhardwaj, A. K., ... & Dikshit, A. (2024). Spectroscopic investigations of green
synthesized zinc oxide nanoparticles (ZnO NPs): antioxidant and antibacterial activity. Discover Applied Sciences, 6(8), 399.

35. Albo Hay Allah, M. A., & Alshamsi, H. A. (2024). Green synthesis of ZnO NPs using Pontederia crassipes leaf extract: characterization, their adsorption
behavior and anti-cancer property. Biomass Conversion and Biorefinery, 14(9), 10487-10500.

36. Venkatesan, S., Suresh, S., Arumugam, J., Ramu, P., Pugazhenthiran, N., Jothilakshmi, R., & Prabu, K. M. (2024). Sunlight assisted degradation of
methylene blue dye by zinc oxide nanoparticles green synthesized using Vitex negundo plant leaf extract. Results in Chemistry, 7, 101315.

37. Manimegalai, P., Selvam, K., Loganathan, S., Kirubakaran, D., Shivakumar, M. S., Govindasamy, M., ... & Bahajjaj, A. A. A. (2024). Green synthesis
of zinc oxide (ZnO) nanoparticles using aqueous leaf extract of Hardwickia binata: their characterizations and biological applications. Biomass
Conversion and Biorefinery, 14(11), 12559-12574.

38. Zaater, A., Serhoud, M. O., Ben Amor, 1., Zeghoud, S., Hemmami, A., Rebiai, A., ... & Barhoum, A. (2024). Exploring the potential of a Ephedra alata
leaf extract: phytochemical analysis, antioxidant activity, antibacterial properties, and green synthesis of ZnO nanoparticles for photocatalytic degradation
of methylene blue. Frontiers in Chemistry, 12, 1367552.

39. Medina-Acosta, M., Chinchillas-Chinchillas, M. J., Garrafa-Gélvez, H. E., Garcia-Maro, C. A., Rosas-Casarez, C. A., Lugo-Medina, E., ... & Soto-
Robles, C. A. (2024). Photocatalytic Degradation of Four Organic Dyes Present in Water Using ZnO Nanoparticles Synthesized with Green Synthesis
Using Ambrosia ambrosioides Leaf and Root Extract. Processes, 12(11), 2456.

40. Kirubakaran, D., Selvam, K., Bagyalakshmi, G., Manimegalai, P., Adhavan, R., & Shivakumar, M. S. (2024). Salvia coccinea Buc'hoz ex Etl. Leaf extract
mediated synthesis of zinc oxide nanoparticles: Assessment of antimicrobial, antioxidant and anticancer activity. Journal of Drug Delivery Science and
Technology, 96, 105662.

41. Pathak, J., Akhani, S. B., & Rathore, M. S. (2024). Structural and photoluminescence properties of green synthesized ZnO nanoparticles from Calotropis
gigantea leaves. Materials Today: Proceedings.

42. Brishti, R. S., Habib, M. A., Ara, M. H., Karim, K. M. R,, Islam, M. K., Naime, J., ... & Khan, M. A. R. (2024). Green synthesis of ZnO NPs using
aqueous extract of Epipremnum aureum leave: Photocatalytic degradation of Congo red. Results in Chemistry, 7, 101441.

43. Swain, M., Mishra, D., & Sahoo, G. (2025). A review on green synthesis of ZnO nanoparticles. Discover Applied Sciences, 7(9), 997.

AUTHOR’S BIOGRAPHY

Full name Vaishnavi Pradip band

Science degree Master of Chemistry

Academic rank Research Student

Institution Department of Chemistry, Sant Gadge Baba Amravati University,
Amravati

Full name Jagruti M. Barabde

Science degree PhD

Academic rank Professor

Institution Department of Chemistry, Sant Gadge Baba Amravati University,
Amravati

Copyright to IJARSET www.ijarset.com 824


http://www.ijarset.com/

