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Abstract:  

The steadily rising incidences of microbial and infectious diseases pose a direct 

threat to both human and animal sustainability. Over the previous 20 years, the 

expectations for eco-friendly nanoparticles application as contemporary 

medicinal agents have grown. This is why, as opposed to using hazardous 

chemicals, researchers have recently concentrated on simple, green, 

sustainable, and affordable ways to create nanoparticles. This research aimed 

to use the latex of Synadenium grantii to synthesize ZnO NPs (zinc oxide 

nanoparticles) using a simple and environmentally friendly technique. The 

observation of the maximum wavelength at 365 nm using Ultraviolet-visible 

(UV-Vis) spectrometry signified the formation of zinc oxide nanoparticles. The 

FT-IR (Fourier transform-infrared) spectrometry indicated the bands of various 

biomolecules (mainly polyphenols at 1541 cm-1 wavenumber) involved in 

reducing and capping zinc oxide nanoparticles. The XRD spectrum 

demonstrated the wurtzite phases of ZnO nanoparticles of 24 nm in size. The 

synthesized ZnO NPs demonstrated great anti-microbial potency compared to 

the positive control (ampicillin) as tested on Staphylococcus aureus (S. aureus) 

and Escherichia coli (E. coli). The study confirmed the presence of various 

chemical compounds in latex of Synadenium grantii responsible for the 

synthesis of ZnO NPs with enhanced anti-bacterial effects in comparison to the 

latex extract.  
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1. Introduction 

 

Nanoscale technology is gradually expanding across different scientific domains such as 

medicine, agriculture, and physics. The rapid increase in the synthesis of nanoparticles (NPs) 

for creating innovative materials with unique characteristics at the nanoscale has been 

noticeable in recent years (Njenga et al., 2023; Gupta et al., 2018). The biomedical field is 

interested in the biogenic formulation of ZnO nanostructures with antimicrobial potential. 

Metallic oxide nanomaterials have been fabricated by several chemical and physical methods. 

Nevertheless, chemical synthesis carries several potential risks, such as cytotoxicity, 

genotoxicity, and carcinogenicity. Furthermore, the end products of these processes cause 

harmful, poisonous compounds that stick to the produced nanomaterials' surface, reducing their 

usefulness for medical purposes (Akhtar et al., 2013).  

 

The biogenic methods offer a safer approach and are gaining momentum. The procedures for 

synthesis of nanoparticles are environmentally friendly and the particles synthesized possess 

exceptional chemical (Hajizadeh et al., 2023), optical (Omeh et al., 2024), biomedical (Somu 

& Paul, 2019) and electronic properties (Turki et al., 2023)  which can be easily tuned just like 

those from chemical means; these biological procedures involve the use of organisms ranging 

from plants, bacteria, and fungi  (Ikhioya et al., 2023; Ali et al., 2022; Said et al., 2022). The 

phytochemicals in plants (Hameed et al., 2019) and both unicellular and multicellular 

organisms can synthesize and/or regulate the sizes of the biosynthesized nanomaterials (Li, 

2023). The key advantages of this strategy for the environment are its low toxicity levels 

(Dibaba, 2023). The relationship building for the pharmaceutical and biomedical applications 

is amongst other advantages of the biogenic synthesis. The conventional methods for 

formulating nanoparticles entail applying chemical and physical processes (Khan et al., 

2022).  

 

The ZnO NPs are amongst several biogenically synthesized nanoparticles. It belongs to a 

significant family of commercially feasible products that have special antibacterial, anticancer, 

and magnetic qualities (Jeyabharathi et al., 2022; Selim et al., 2020). It also can be both 

photo-catalytic and photo-oxidizing (Dulta et al., 2022). The Food and Drug Administration 

(FDA) in the USA had classified ZnO as a “GRAS” (often thought to be secure) substance, 

which is another appealing quality of the material. It is noted that a significant percentage of 

gram-negative and gram-positive pathogens are inhibited in their growth by zinc oxide 

nanoparticles (Muthuvel et al., 2020). Their capacity to produce higher concentrations of 

hydroxyl radicals, singlet oxygen i.e. Reactive Oxygen Species (ROS) and H2O2, which 

effectively destroy microbial cells, is primarily responsible for their antibacterial action 

(Chandrasekaran et al., 2020). Inorganic oxide nanoparticles are better in contrast to 

antimicrobial agents based on organic chemicals due to their extended shelf life, general 

stability, and an effective method of treating microbial ailments (Abdelbaky et al., 2022). 

Herbal remedies, or the custom of using plant extracts as medication for a variety of ailments, 

have been around for a while. In Asian nations, natural compounds like Synadenium grantii 

are commonly utilized for combating bacterial illnesses. But their efforts haven't yielded many 

results (Wang et al., 2015).  

 

The present work investigated the biosynthesis of ZnO nanoparticles by incubating zinc acetate 

solution with Synadenium grantii latex. The study assessed the antibacterial studies of the 

synthesized nanomaterials in comparison to the latex adopting the disc diffusion methodologies 
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against microbial isolates of Escherichia coli (gram-negative) Staphylococcus aureus (gram-

positive) and zones of inhibition recorded.  

 

2. Materials and methods 

 

2.1. Chemicals and reagents 

 

Sodium Hydroxide (NaOH) and Zinc Acetate Dihydrate (Zn (CH3CO)2.2H2O) were purchased 

at Himedia Lab, Nairobi, and used directly without further purifications. The Distilled Water 

(DW) and laboratory strains were collected in the University of Eldoret Chemistry and 

Microbiology Labs, respectively.  

 

2.2. Plant extracts collection and preparation 

 

Latex extracts from Synadenium grantii to be used in this research work were collected from 

Ziwa in Eldoret, Uasin-Gishu County, Kenya. The latex was collected by slitting the trunk of 

Synadenium grantii longitudinally, pure latex was collected in dark bottles and protected from 

light. For further application, the latex extract is refrigerated at 4 o C. 10 mL of the extract is 

applied in the synthesis of ZnO NPs. 

 

2.3. Biosynthesis of ZnO nanoparticles 

 

The synthesis method was borrowed from (Gilavand et al., 2021) with few modifications. 

Briefly, 50 mL of DW and 1 mM of Zn (CH3CO)2.2H2O  were mixed for 20 minutes on a hot 

plate. Then, 25 mL of plant extract was added to the mixture. The pH of the mixture was 

adjusted to 7 by adding 1.8 M NaOH dropwise. For one hour, the resulting reaction mixture 

was swirled. The solution's hue changed to yellow, indicating that ZnO NPs had formed. A 

centrifuge was used to separate the precipitate from the reaction liquid for 35 min at 6000 rpm 

at room temperature. The collected mass for additional research, is oven dried for 4 hours at 60 
o C and stored in airtight vials. 

 

2.4. Characterization of ZnO nanoparticles  

 

• Optical analysis: The surface plasmon resonance of ZnO nanostructures was examined 

using an UltraViolet-visible spectrophotometer (Shimadzu, UV-1800 series). A 

synthetic sample was scanned between wavelengths of 300-500 nm while suspended in 

sterile distilled water (Rahman et al., 2022). 

 

• The X-Ray Diffraction (XRD) analysis: Pattern of biosynthesized ZnO NPs 

measurements were done on Bruker D8 Advance X-ray diffractometer system. The 

intensity of the diffracted Cu-Kα radiation (λ = 0.154 nm, 40 kV, and 40 mA) was 

measured in a 2θ range between 10o and 90o with an increment of 0.0194o (Dibaba, 

2023). 

 

• Fourier Transform Infrared (FT-IR) spectroscopy analysis: To confirm which bioactive 

phytoconstituents were present and responsible for the stabilization, decrease, or 

control of the size of the ZnO nanoparticles, an FTIR spectrophotometer (Perkin-Elmer 
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Spectrum 1000) was utilized. At ambient temperature, KBr pellets were used to acquire 

ZnO nanoparticle FTIR spectra at 4000–400 cm–1 scan range. 

 

• Anti-microbial activity: The procedure was adopted from (Radhakrishnan et al., 2021) 

with several modifications. The ZnO nanomaterials were assessed for their 

antimicrobial potential by growing both E. coli (Gram-negative) and S. aureus (Gram-

positive) laboratory bacterial strains sourced from Kenya Medical Research Institute 

(KEMRI). The agar diffusion technique methodology was adopted to ascertain the 

antimicrobial activity of oven-dried zinc oxide nanomaterials. In a nutshell, the 

microbes were inoculated for eight hours in Luria Bertani broth. Sterilized cotton swabs 

were used to seed the isolates onto Luria Bertani agar plates. A sterile borer was used 

to create wells on the surface of agar (7 mm diameter). The varying amounts of zinc 

oxide nanoparticles (25–75 ug/mL), latex extracts of Synedenium grantii, and positive 

control (ampicillin) were added to separate wells. For 24 hours at 37 °C, the plates were 

incubated. 

 

3. Results and discussion 

 

3.1. Biosynthesis of ZnO nanoparticles 

 

The change in the constituent mixture's hue was very prominent. This was confirmed as the 

first indication that zinc oxide nanoparticles were forming. In the present work, a change of 

color from white to red then to yellow indicated the synthesis of zinc oxide nanoparticles by 

latex extracts of Synedenium grantii (Gilavand et al., 2021). 

 

3.2. Optical properties 

 

UV-vis spectroscopy is a common and widely used technique to characterize the surface 

plasmon resonance of synthesized NPs. Figure 1(a) represents the UV-visible maximum 

absorption peaks of the green biosynthesized zinc oxide nanoparticles. Zinc oxide 

nanoparticles' highest absorption peak was located at 365 nm (with a band gap of 3.213eV). 

The observation of a single peak at approximately 365 nm signified the formulation of ZnO 

NPs. This finding is in tandem with previous findings of green synthesized ZnO NPs that were 

found to be located in the 324–390 nm range (Alharthi et al., 2021). This highly red-shifted 

absorption maximum band (from the bulk usually around 373 nm) is an indication of nano 

sized ZnO NPs formation.  

 

Tauc's relation was applied to fit the absorption data to obtain the Eg (optical band gap energy) 

of the nanomaterial (Muhammad et al., 2019).  

 

𝛼𝜈ℎ = 𝐸(𝜐ℎ − 𝐸𝑔)𝐸(𝜐ℎ − 𝐸𝑔)
1

2                                                                                                                       (1) 

 

Where α is the optical absorption coefficient and is derived from the absorption data, and hv is 

the photon energy, Eg is the straight band gap, and E is a constant (Abbas et al., 2019). As 

shown in Figure 1(b), a plot of (αhν)2 as photon energy (hυ) function and the curve linear 

portion extrapolated to zero absorption gives the value of the direct band gap (Eg). It was 

observed that the band-gap energy was 3.213eV which is closer to that of typical ZnO (3.33 

eV). 
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Figure 1: (a) UV-vis absorption spectra of synthesized ZnO nanostructures by latex of Synadenium 

grantii, and (b) Tauc plot representing the Eg of the biosynthesized ZnO nanostructures 

 
                                             (a)                                                                  (b) 

 

3.3. XRD analysis 

 

The primary peaks of the green-synthesized zinc oxide nanoparticles' observed XRD patterns 

(Figure 2(a): According to JCPDS Card No. 00-065-3411) appear at 2θ values of 31.7, 34.5, 

36.3, 47.5, 56.5, 62.8, 66.2, 67.9, 69.0, 72.6, and 76.9 o indexed to (1 0 0), (0 0 2), (1 0 1), (1 

0 2), (1 1 0), (1 0 3), (2 0 0), (1 1 2), (2 0 1), (0 0 4) and (2 0 2) planes that verified wurtzite 

phases of the formulated nanomaterials (Lopez-miranda et al., 2023). The ZnO NPs' good 

crystalline nature is indicated by the sharp, narrow peaks. Scherrer's equation estimates the size 

of zinc oxide nanostructures (Aklilu, 2022). The biogenic ZnO NPs possessed an sizes of 24 

nm (Table 1). Sharp diffraction peaks in the ZnO NPs' X-ray diffraction spectra were indicative 

of their structural crystallinity. 

 
Table-1: ZnO nanoparticles size determination using Scherrer equation  

XRD spectrum peak  2θ values (°) FWHM 

 

Particle size 

(0.9*0.154)/ (nm) 

Average particle 

size (nm) 

1 31.7964 0.3386 24.3851 23.9611 

2 34.4474 0.2899 28.6790  

3 36.2823 0.3393 24.6303  

4 47.5665 0.3810 22.7791  

5 56.6166 0.3832 23.5402  

6 62.8758 0.4054 22.9582  

7 67.9616 0.4130 23.1869  

8 69.0923 0.4478 21.5297  

 

3.4. FTIR studies  

 

The bioactive agents are reported to be specified and are involved in reduction of metal oxide 

nanoparticles. Phenols, alkaloids, saponins, and terpenes, (Luz et al., 2015)  are secondary 

metabolites in the latex of Synadenium grantii and are involved in the formation of zinc oxide 
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nanomaterials and possess biological properties including anti-oxidant and anti-cancer 

activities. It can be reported that the Zn (CH3CO)2.2H2O (zinc acetate dihydrate) is reduced to 

ZnO nanoparticles by phenols because of their massive -OH groups shown in the FT-IR spectra 

(Figure 2(b)). 

 
Figure 2:  (a) X-ray diffraction patterns of ZnO NPs and (b) FTIR profiles of ZnO NPs 

 
(a)                                                               (b) 

 

The FTIR spectra show bands in 3446 cm−1   due to vibration stretch of the hydroxyl group of 

phenol. The C=C, C=O=C and C=O vibrations of heterocyclic constituents may act as a 

stabilizer (The –OH groups from the phenol, in addition, perform as an encapsulating agent) 

(Yadav et al., 2018; Naiel et al., 2022). Low-intensity peak around 1541 cm−1  corresponded 

to C=C stretches of aromatized rings of polyphenols (Ebadi et al., 2019). Absorption at around 

1541 cm-1 may also exhibit the linkage with ZnO NPs which may be assigned to the carbonyl 

stretch in proteins. Prominent lower peaks at 574 cm−1 are assigned to the fingerprinting Zn-O 

vibrations of ZnO NPs (Hussain et al., 2019).  Stabilization and encapsulation of green 

synthesized ZnO NPs result from C=O –and OH functional groups of proteins and phenolic 

group molecules respectively.  

 
Table-2: ZOI values of zinc oxide nanoparticles, Synadenium grantii latex extracts, and ampicillin 

against two bacterial strains; S. aureus and E. coli by Agar Diffusion Technique 

 Zones of inhibition (mm) 

S. aureus E. coli 

Sample Name 25 ug/ml,    50 ug/ml,   75 ug/ml 25 ug/ml,    50 ug/ml,   75 ug/ml 

Zinc Oxide nanoparticles  3,   5,    8 4,   6,    9 

Synadenium grantii latex extracts  1,   2,   6 2,   3,     7 

Ampicillin  5,  7,  11 5,   7,   11 

 

3.5. The anti-microbial activity 

 

The anti-bacterial potentials of the formulated ZnO NPs were assessed against two laboratory 

isolates: S. aureus (Gram-positive) and E. coli (Gram-negative) pathogens. The standard 

antibiotic ampicillin (positive control) and the solvent (negative control) is used to compare 
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the activities. Table-2 and Figure 3 and represent the ZOI (Zones of inhibition) of the green 

synthesized ZnO NPs, latex extracts, and ampicillin against the select microbes. ZnO NPs 

showed enhanced or improved anti-microbial potentials on both bacteria compared to latex 

used to synthesize the ZnO NPs. Similar findings were discussed by (Kiani et al., 2022) 

signifying the synergistic characteristics of the biosynthesized ZnO NPs. 

 

Figure 3:  Bar graphs showing the inhibition zones of ZnO NPs against bacterial strains 

compared to latex of Synadenium grantii 

 
 

4. Conclusion 

 

The study demonstrated the successful formulation of ZnO nanoparticles using latex of 

Synadenium grantii. The ZnO nanostructures were spherical and had average nano sizes of 24 

nanometer as demonstrated by XRD spectra. This approach has the benefit of being fast, eco-

friendly, and convenient for the green synthesis of ZnO nanoparticles. The band gap of 3.213 

eV was sufficient evidence for ZnO semiconductors formulation. The investigation confirmed 

the stronger antibacterial potentials of the green synthesized ZnO nanoparticles compared to 

latex extracts. This is because ZnO nanoparticles include antibacterial ROS (reactive oxygen 

species) in addition to being capped by anti-bacterial substances such phenols, alkaloids, 

saponins, terpenes, triterpenes, ketones, sugars, fatty acids, proteins, and aromatic acids from 

latex extracts of Synadenium grantii. Thus, metal oxide-formulated nanoparticles containing 

latex extracts of Synadenium grantii are suitable for curing microbiological diseases. 

 

 

 

 
  



 

The biosynthesis of ZnO nanoparticles …         D. Tirop et al. 
__________________________________________________________________________________________ 

 

 

 

NASIJ, 2024, 5(2), (4)           Page | 63 

 

 

Acknowledgement: 

 

We are thankful to the editor and reviewer for their valuable comments and suggestions. We are 

also thankful to our lab fellow and all those who assisted during this study. 

 

 

Declaration of conflict of interest: 

 

The author(s) declared no potential conflicts of interest(s) with respect to the research, authorship,  

and/or publication of this article. 

 

 

Funding: 

 

The author(s) received no financial support for the research, authorship and/or publication of this 

article. 

 

 

ORCID iD: 

    

Daniel Tirop  https://orcid.org/0009-0003-1393-2069  

 

Lemeitaron Njenga https://orcid.org/0009-0007-9476-4464  

 

Ayabei Kiplagat https://orcid.org/0000-0002-5930-3407  

 

Martin Onani  https://orcid.org/0000-0002-4735-3669  

 

 

Publisher’s Note:  

 

IDEA PUBLISHERS (IDEA Publishers Group) stands neutral with regard to jurisdictional claims 

in the published maps and institutional affiliations. 

 

 

 

 

 

 

 

 

  

https://orcid.org/0009-0003-1393-2069
https://orcid.org/0009-0007-9476-4464
https://orcid.org/0000-0002-5930-3407
https://orcid.org/0000-0002-4735-3669


 

The biosynthesis of ZnO nanoparticles …         D. Tirop et al. 
__________________________________________________________________________________________ 

 

 

 

NASIJ, 2024, 5(2), (4)           Page | 64 

 

References 

 

Abbas, N. K., Al-ogaidi, I., Mahmood, S. S., & Obied, H. N. (2019). Investigation of 

antibacterial activity and cytotoxicity of ZnO nanoparticles synthesized by a novel 

biological method. ARPN Journal of Engineering and Applied Sciences, 14(6), 9491–

9503.  

 

Abdelbaky, A. S., El-mageed, T. A. A., Babalghith, A. O., Selim, S., & Mohamed, A. M. H. 

A. (2022). Green synthesis and characterization of Zno nanoparticles using Pelargonium 

odoratissimum (L.) aqueous leaf extract and their antioxidant, antibacterial and anti-

inflammatory activities. Antioxidants, 11(8), 1444. 

https://doi.org/10.3390/antiox11081444 

 

Ali, M., Wahab, M., Ahmad, L., Ahmad, I., Semotiuk, A. J., & Jan, H. A. (2022). 

Ethnopharmacological evaluation of medicinal plants used to treat diabetes mellitus in 

Maidan valley, Dir Lower, Pakistan. Natural and Applied Sciences International 

Journal (NASIJ), 3(1), 45–60. https://doi.org/10.47264/idea.nasij/3.1.4 

 

Akhtar, M. S., Panwar, J., & Yun, Y. S. (2013). Biogenic synthesis of metallic nanoparticles 

by plant extracts. ACS Sustainable Chemistry and Engineering, 1(6), 591–602. 

https://doi.org/10.1021/sc300118u 

 

Aklilu, M. (2022). Khat (catha edulis) leaf extract-based zinc oxide nanoparticles and 

evaluation of their antibacterial activity. Journal of Nanomaterals, 2022, 4048120. 

https://doi.org/10.1155/2022/4048120 

 

Alharthi, M. N., Ismail, I., Bellucci, S., Khdary, N. H., & Abdel Salam, M. (2021). Biosynthesis 

microwave-assisted of zinc oxide nanoparticles with ziziphus jujuba leaves extract: 

Characterization and photocatalytic application. Nanomaterials, 11(7), 1682. 

https://doi.org/10.3390/nano11071682 

 

Chandrasekaran, A., Manjula, D. R., Suresh, P., Balasubramanian, N., Muthaiya, N., Kannan, 

N. D . & Mayandi, J. (2020). Antibacterial and anticancer activity of hydrothermally-

synthesized zinc oxide nanomaterials using natural extracts of neem, pepper and 

turmeric as solvent media. Nano Express, 1(1), 010029. https://doi.org/10.1088/2632-

959x/ab8a76 

 

Dibaba, S. T. (2023). Green Synthesis Method of Zno nanoparticles using extracts of zingiber 

of fi cinale and Garlic Bulb (Allium sativum ) and their synergetic effect for antibacterial 

activities. Journal of Nanomaterials, 2023(1), 7036247. 

https://doi.org/10.1155/2023/7036247 

 

Dulta, K., Kosarsoy-agceli, G., & Jasrotia, R. (2022). Ecofriendly synthesis of zinc oxide 

nanoparticles by Carica papaya leaf extract and their applications ecofriendly synthesis 

of Zinc Oxide Nanoparticles by Carica papaya leaf extract and their applications. 

Journal of Cluster Science, 33, 603–617. https://doi.org/10.1007/s10876-020-01962-w 

 

Ebadi, M., Zolfaghari, M. R., Aghaei, S. S., Zargar, M., Shafiei, M., Zahiri, H. S., & Noghabi, 



 

The biosynthesis of ZnO nanoparticles …         D. Tirop et al. 
__________________________________________________________________________________________ 

 

 

 

NASIJ, 2024, 5(2), (4)           Page | 65 

 

K. A. (2019). A bio-inspired strategy for the synthesis of zinc oxide nanoparticles (ZnO 

NPs) using the cell extract of cyanobacterium: Nostoc sp. EA03: from biological 

function to toxicity evaluation. RSC Advances, 9(41), 23508–23525. 

https://doi.org/10.1039/c9ra03962g 

 

Gilavand, F., Branch, K., Mirzaei, S. Z., Biology, M., Karkhane, M., & Marzban, A. (2021). 

Green synthesis of zinc nanoparticles using aqueous extract of magnoliae green 

synthesis of zinc nanoparticles using aqueous extract of magnoliae officinalis and 

assessment of its bioactivity potentials. Biointerferance Research in Applied Chemistry, 

11(1), 7765–7774. https://doi.org/10.33263/BRIAC111.77657774 

 

Gupta, M., Tomar, R. S., Kaushik, S., & Mishra, R. K. (2018). Effective antimicrobial activity 

of green ZnO nano particles of Catharanthus roseus. Frontiers in Microbiology, 9, 1–

13. https://doi.org/10.3389/fmicb.2018.02030 

 

Hajizadeh, Y. S., Babapour, E., Harzandi, N., Yazdanian, M., & Ranjbar, R. (2023). The effect 

of cytotoxicity and antimicrobial of synthesized CuO NPs from Propolis on HEK-293 

Cells and Lactobacillus acidophilus. Evidence-Based Complementary and Alternative 

Medicine, 2023(1), 1430839. https://doi.org/10.1155/2023/1430839 

 

Hameed, S., Iqbal, J., Ali, M., Khalil, A. T., Abbasi, B. A., Numan, M., & Shinwari, Z. K. 

(2019). Green synthesis of zinc nanoparticles through plant extracts: establishing a novel 

era in cancer theranostics. Materials Research Express, 6(10). 

https://doi.org/10.1088/2053-1591/ab40df 

 

Hussain, A., Oves, M., Alajmi, M. F., Hussain, I., Amir, S., Ahmed, J., Rehman, M. T., El-

Seedi, H. R., & Ali, I. (2019). Biogenesis of ZnO nanoparticles using: Pandanus odorifer 

leaf extract: Anticancer and antimicrobial activities. RSC Advances, 9(27), 15357–

15369. https://doi.org/10.1039/c9ra01659g 

 

Ikhioya, I. L., Nkele, C. A., & Obitte, B. (2023). The green synthesis of copper oxide 

nanoparticles using the Moringa oleifera plant and its subsequent characterization for 

use in energy storage applications. East European Journal of Physics, 1, 162–172. 

https://doi.org/10.26565/2312-4334-2023-1-20 

 

Jeyabharathi, S., Naveenkumar, S., & Chandramohan, S. (2022). Biological synthesis of zinc 

oxide nanoparticles from the plant extract, Wattakaka volubilis showed anti-microbial 

and antihyperglycemic effects. Journal of King Saud University - Science, 34(3), 

101881. https://doi.org/10.1016/j.jksus.2022.101881 

 

Khan, A. U., Ilyas, M., Zamel, D., & Khan, S., Ahmed, A., Kaneez, F., …, & Khan, S. U. 

(2022). Bio-inspired fabrication of zinc oxide nanoparticles : insight into biomedical 

applications. Annuals of Advances in Chemistry, 6, 23–37. 

https://doi.org/10.29328/journal.aac.1001028 

 

Kiani, B. H., Ikram, F., Fatima, H., & Alhodaib, A. (2022). Comparative evaluation of 

biomedical and phytochemical applications of zinc nanoparticles by using Fagonia 

cretica extracts. Scientific Reports, 12, 10024. https://doi.org/10.1038/s41598-022-



 

The biosynthesis of ZnO nanoparticles …         D. Tirop et al. 
__________________________________________________________________________________________ 

 

 

 

NASIJ, 2024, 5(2), (4)           Page | 66 

 

14193-y 

 

Li, T. (2023). Facile preparation of zinc nanoparticles mediated by plant aqueous extract and 

assessment of the antioxidant, cytotoxicity and anti-human bone carcinoma properties. 

Micro & Nano Letters, 18(3), 1–8. https://doi.org/10.1049/mna2.12156 

 

Lopez-miranda, J. L., Molina, G. A., Alexis, M., Liliana, B., Esparza, R., Silva, R., & Est, M. 

(2023). Antibacterial and anti-inflammatory properties of zno nanoparticles synthesized 

by a green method using Sargassum extracts. Int. J. Mol. Sci. 2023, 24(2), 1474. 

https://doi.org/10.3390/ijms24021474 

 

Luz, L. E. C., Paludo, K. S., Santos, V. L. P., Franco, C. R. C., Klein, T., Silva, R. Z., Beltrame, 

F. L., & Budel, J. M. (2015). Cytotoxicity of latex and pharmacobotanical study of leaves 

and stem of Euphorbia umbellata (Janaúba). Brazilian Journal of Pharmacognosy, 

25(4), 344–352. https://doi.org/10.1016/j.bjp.2015.07.005 

 

Muhammad, W., Ullah, N., Haroon, M., & Abbasi, B. H. (2019). Optical, morphological and 

biological analysis of zinc oxide nanoparticles (ZnO NPs) using: Papaver somniferum 

L. RSC Advances, 9(51), 29541–29548. https://doi.org/10.1039/c9ra04424h 

 

Muthuvel, A., Jothibas, M., & Manoharan, C. (2020). Effect of chemically synthesis compared 

to biosynthesized ZnO-NPs using Solanum nigrum leaf extract and their photocatalytic, 

antibacterial and in-vitro antioxidant activity. Journal of Environmental Chemical 

Engineering, 8(2), 103705. https://doi.org/10.1016/j.jece.2020.103705 

 

Naiel, B., Fawzy, M., Halmy, M. W. A., El, A., & Mahmoud, D. (2022). Green synthesis of 

zinc oxide nanoparticles using Sea Lavender (Limonium pruinosum L. Chaz.) extract: 

characterization, evaluation of anti‑skin cancer, antimicrobial and antioxidant potentials. 

Scientific Reports, 12, 20370. https://doi.org/10.1038/s41598-022-24805-2 

 

Njenga, L., Ayabei, K., Akenga, T., Onyambu, Z., Kiptoo, J., & Onani, M. (2023). Anti-

bacterial activities of green synthesized ZnO and CuO nanoparticles from leaf extracts 

of Warburgia ugandensis. American Journal of Nano Research and Applications, 11(1), 

10–18. https://doi.org/10.11648/j.nano.20231101.12 

 

Omeh, R., Ali, I. J., & Adonu, C. C. (2024). Venonia amygdalina leaf extract - mediated redox 

synthesis of silver nanoparticles: Characterization and antimicrobial activity. German 

Journal of Pharmaceuticals and Biomaterials, 2(4), 19–30. 

https://doi.org/10.5530/gjpb.2023.4.12 

 

Radhakrishnan, R., Liakath, F., Khan, A., & Muthu, A. (2021). Green synthesis of copper oxide 

nanoparticles mediated by aqueous leaf extracts of Leucas aspera and Morinda tinctoria. 

Letters in Applied NanoBioscience, 10(4), 2706–2714.  

 

Rahman, F., Patwary, A. M., Siddique, A. B., Bashar, S., Haque, A., & Akter, B. (2022). Green 

synthesis of zinc oxide nanoparticles using Cocos nucifera leaf extract: characterization, 

antimicrobial , antioxidant and photocatalytic activity. The Royal Society Publishing.   

 



 

The biosynthesis of ZnO nanoparticles …         D. Tirop et al. 
__________________________________________________________________________________________ 

 

 

 

NASIJ, 2024, 5(2), (4)           Page | 67 

 

Said, G., Wahab, M., & Umair, M. (2022). Optimal conditions for the high yield of bioactive 

asterric acid from marine derived Fungus Aspergillus sp. Natural and Applied Sciences 

International Journal (NASIJ), 3(2), 1–14. https://doi.org/10.47264/idea.nasij/3.2.1 

 

Selim, Y. A., Azb, M. A., Ragab, I., & El-azim, M. H. M. A. (2020). Green synthesis of zinc 

oxide nanoparticles using aqueous extract of deverra tortuosa and their cytotoxic 

activities. Scientific Reports, 10, 3445. https://doi.org/10.1038/s41598-020-60541-1 

 

Somu, P., & Paul, S. (2019). A biomolecule-assisted one-pot synthesis of zinc oxide 

nanoparticles and its bioconjugate with curcumin for potential multifaceted therapeutic 

applications. New Journal of Chemistry, 43(30), 11934–11948. 

https://doi.org/10.1039/c9nj02501d 

 

Turki, K. M., Al-haddad, R. M. S., & Ahmed, A. R. (2023). Effect of reaction time on the blue 

shift of chemically created silver nanoparticles. Journal for Research in Applied 

Sciences and Biotechnology, 2(1), 167–173. https://doi.org/10.55544/jrasb.2.1.23 

 

Wang, H. B., Wang, X. Y., Liu, L. P., Qin, G. W., & Kang, T. G. (2015). Tigliane diterpenoids 

from the euphorbiaceae and thymelaeaceae families. Chemical Reviews 115(9), 2975–

3011. https://doi.org/10.1021/cr200397n 

 

Yadav, E., Singh, D., Yadav, P., & Verma, A. (2018). Ameliorative effect of biofabricated ZnO 

nanoparticles of: trianthema portulacastrum Linn. on dermal wounds via removal of 

oxidative stress and inflammation. RSC Advances, 8(38), 21621–21635. 

https://doi.org/10.1039/c8ra03500h 

 

 

 

 

[Last updated: 16-May-2025] 


