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ABSTRACT 
Due to their unique physicochemical properties, the production and application of nanomaterials have significantly increased across 
biomedical, environmental, and pharmaceutical fields. Ethanoic extract of Nannorrhops ritchiana was prepared by the maceration method. 
For the synthesis of zinc nanoparticles, the aqueous extract of Nannorrhops ritchiana is combined with 0.1 M zinc sulfate solution to form 
zinc nanoparticles. The average diameter of the nanoparticles is measured by X-ray diffraction and scanning electron microscopy (SEM). 
The antimicrobial activity of the synthesized zinc nanoparticles was assessed against standard bacterial strains using the microdilution 
method, and the diameter of the inhibitory zone and the minimum inhibitory concentration against the bacterial strains were determined. 
The results revealed that at a concentration of nanoparticles Nannorrhops ritchiana 1024 µg/mL, the largest inhibition zones were observed 
against Proteus mirabilis (25 mm) and Streptococcus mutans (15 mm). At 256 µg/mL, no inhibition zone was detected against 
Streptococcus pyogenes, while Proteus mirabilis showed a 17 mm zone of inhibition, and ethanol extract showed that the largest diameter 
of the inhibitory zone was at a concentration of 1024 µg/mL against Proteus mirabilis bacteria (10 mm), while the lowest inhibition was 
against Bacillus cereus and Streptococcus pyogenes bacteria. These findings suggest that zinc nanoparticles synthesized from 
Nannorrhops ritchiana exhibit strong antibacterial activity against human pathogens, even under particulate matter–contaminated 
environmental conditions. 
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INTRODUCTION 
Nannorrhops ritchiana, locally known as DAAZ, is a plant of the Arecaceae family. This plant has a very high economic and cultural 
value in indigenous communities, and all parts of this plant are used for traditional treatments. This plant has a very high resistance to bad 
weather conditions [1]. Nannorrhops ritchiana is used for roofing and supporting. The leaves of this plant are used to make brooms, 
slippers, and bracelets [2]. This plant is distributed in tropical and subtropical regions. It has berry-like fruits that contain oil and are used 
in industry and medicine [3]. This plant has a very high adaptability to dry environments [4]. In recent decades, researchers have used 
extracts of medicinal plants to synthesize metal nanoparticles, and zinc oxide has been the most widely used metal [4]. Zinc oxide 
nanoparticles are used in the cosmetic, agricultural, and food packaging industries due to their antimicrobial properties and chemical 
stability [5]. Zinc oxide nanoparticles have the ability to produce active oxygen, which disrupts fungal cell structures, food safety, and 
shelf life [6]. Zinc nanoparticles are used for the biological removal of seaweed [7]. The adoption of biomimetic strategies in nanoparticle 
synthesis fosters enhanced catalytic efficiency while circumventing the need for conventional synthetic reagents that are often costly and 
hazardous [8]. Plant-derived phytochemicals such as flavonoids, phenolics, and alkaloids act as natural reducing and stabilizing agents in 
nanoparticle synthesis, offering a sustainable and eco-friendly alternative to conventional chemical methods [9-11].  

MATERIALS AND METHODS 
Bacterial strains were procured from the reference microbiology laboratory of the Veterinary Department, University of Zabol (Table1). 
 
Table 1 Gram-positive and Gram-negative bacterial strains used 

Strain bacteria Gram+ Gram- 
Streptococcus pyogenes +             
Staphylococcus aureus    +                
Enterococcus faecalis        +             
Hafnia Alei                       - 
Proteus Mirabilis                     - 
Streptococcus mutans         +              
Streptococcus pneumoniae +                        
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Pseudomonas aeruginosa                        - 
Bacillus cereus          +               

 
Preparation of Ethanolic Extract 
The maceration method was used to prepare the ethanolic extract. After crushing the sample, 50 grams of each sample were soaked in 
96% ethanol for 48 hours, and after this period of time, the sample was filtered with filter paper. The ethanolic extract was concentrated 
using a rotary evaporator and stored in the refrigerator until use. 

Synthesis of Zinc Nanoparticles using Medicinal Plants 
In this study, we conducted the biosynthesis of oxide nanoparticles using a Fruit extract of Nannorrhops ritchiana, deposited in the 
Herbarium of the University of Zabol, under herbarium code: 1501 ... [14]. 
The determination of bacterial susceptibility to zinc (Zn) and the ethanol extract of Nannorrhops ritchiana was carried out using the well-
dilution method. The diameter of the inhibition zone at concentrations of 1024-512-256 μg/ml was determined by the well method on the 
bacteria studied [15]. 

RESULTS 
the maximum inhibition zone diameter was recorded at a concentration of nanoparticles 1024 µg/mL, showing 25 mm against Proteus 
mirabilis and 15 mm against Streptococcus mutans (Table 2). At a lower concentration of 256 µg/mL, no inhibitory activity was observed 
against Streptococcus pyogenes, whereas Proteus mirabilis exhibited an inhibition zone of 17 mm at the same concentration (Table 2- Fig. 
1). 
 
Table 2 Inhibitory Corona Diameter at Different Concentrations of nanoparticles on gram+ and gram - Bacteria (mm) 

Strain bacteria 1024 μg/mL 512 μg/mL 256 μg/mL 
Streptococcus pyogenes 2 1 0 
Staphylococcus aureus 15        13             11           
Enterococcus faecalis 13         10             5             
Hafnia Aloy 8           5 2             
Proteus Mirabilis 25          20              17            
Streptococcus mutans 15          13     8            
Streptococcus pneumoniae 8           6  5             
Pseudomonas aeruginosa 5          3          1              
Bacillus cereus 2           1    0              

 
Fig. 1 The diameter of the Zone of synthesized nanoparticles at different concentrations on standard bacteria 
 

 
The results of the ethanol extract showed that the largest diameter of the inhibitory zone was at a concentration of 1024 micrograms on 
Proteus mirabilis bacteria (10 mm), while the lowest inhibition was against Bacillus cereus and Streptococcus pyogenes bacteria (Table 
3). 
 
Table 3 Inhibitory Corona Diameter at Different Concentrations of Ethanol extract of Nannorrhops ritchiana against gram+ and gram -  Bacteria (mm) 

Strain bacteria 1024 μg/mL 512 μg/mL 256 μg/mL 
Streptococcus pyogenes 1 0 0 
Staphylococcus aureus 7        5             3           
Enterococcus faecalis 6         3  1  
Hafnia Aloy 4           3 2             
Proteus Mirabilis 10          7              5  
Streptococcus mutans 8    5     2            



 

Streptococcus pneumoniae 5           3  2             
Pseudomonas aeruginosa 2  1          0              
Bacillus cereus 1           0    0              

 
FTIR Results Analysis of Zinc Nanoparticles Synthesized in Nannorrhops ritchiana 
FTIR spectroscopy was utilized to identify the predominant functional groups present in the Nannorrhops ritchiana extract and to elucidate 
their role in the reduction of zinc ions (Zn²⁺) to elemental zinc (Zn⁰) and subsequent nanoparticle stabilization.  

X-ray Diffraction Pattern Analysis 
(XRD) A profile of the zinc-based nanoparticles synthesized using Nannorrhops ritchiana extract is presented in Figure 2. The absence 
of extraneous peaks confirms the phase purity of the synthesized material. Moreover, the sharpness and well-defined nature of the 
diffraction peaks indicate a high degree of crystallinity and suggest the formation of a single-phase structure. 
 

 
 

 
Fig. 2 XRE for nano partical  
 
SEM Analysis 
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The SEM micrographs revealed that the nanoparticles were uniformly spherical in shape, with an average diameter of less than 20 nm, 
indicating a consistent nanoscale architecture and effective size control during biosynthesis (Fig. 3). 
 

 
Fig. 3 Electron microscopic image of green zinc nanoparticles synthesized in Nannorrhops ritchiana L extract 
 
DISCUSSION 
The results of this study showed that synthetic nanoparticles have much higher antimicrobial properties than ethanol extract and can be 
used to treat bacterial diseases. In another study conducted on this plant, the results showed that at initial concentrations, ethanol extracts 
showed inhibitory effects against various strains of pathogenic bacteria and fungi [12]. In a study that investigated the antifungal and 
cytotoxic activities of Nannorrhops ritchiana root extracts, the results of the study showed antifungal properties on Aspergillus flavus, 
Trichophyton longifusis, Trichophyton mentagrophytes, and Microsporum canis [13]. 
The study of Javadian, green Synthesis of Silver Nanoparticles and Antibacterial Properties of Extracts of Capparis spinosa Leaves. The 
results show that the greatest effect of the ME of the medicinal plant Capparis was 0.2315 on the inactivity of E. coli, and the greatest 
effect of green AgNPs synthesized from the AE of the medicinal plant Capparis with, an ELISA of 0.3740, was on the inactivity of S. 
mutanis. The maximum diameter of the inhibitor zone (MDIZ) was 5.5 mm due to the inactivity of H. alvi bacteria [16]. In another study 
that investigated the antimicrobial properties of ethanolic extracts of several medicinal plants against gram-positive and gram-negative 
bacteria, the results showed that the largest diffusion disk diameter (25 mm) was observed in a medium containing rosemary extract against 
Streptococcus pyogenes [17]. The study of Saeidi, Investigating the Antimicrobial Properties of Synthetic Zinc Nanoparticles in the 
Medicinal Plant on Escherichia Coli causative of Bacteriuria in Pregnant Women. The results of the study showed that the size of the 
obtained nanoparticles was 21 nm, and the lowest inhibitory concentration was 1500 μg/ml [18]. 

CONCLUSION 
The results of this study demonstrated that the nanoparticles synthesized using Nannorrhops ritchiana medicinal plant exhibited strong 
antibacterial activity against human pathogenic bacteria, even under particulate matter (PM)–contaminated environmental conditions. 

Acknowledgments 
The authors of this article would like to thank all the professors who helped collect and write this article (IR.ZBMU.REC.1403.084). 

Footnotes 
Authors contribution: All authors read and approved the final manuscript. 

Conflict of Interests 
The authors declare no conflict of interest. 

Funding/support 
We had no financial support to write this manuscript. 

REFERENCES 
1. Mahmood A., Sharif M., Ahmad Q.U., Mahmood R., Riaz S., Zafar M. Phytochemical analysis and comprehensive evaluation of antimicrobial activity of 

Nannorrhopsrit chiana leaves (Mazaripalm). World Journal of Pharmacy and Pharmaceutical Sciences. 20176:173-89. 
2. Abdullah Khan S.M., Pieroni A., Haq Z.U., Ahmad, Z. Mazri (Nannorrhops ritchiana (Griff) Aitch.): A remarkable source of manufacturing traditional 

handicrafts, goods and utensils in Pakistan. Journal of Ethnobiology and Ethnomedicine. 2020; 16(45). 
https://ethnobiomed.biomedcentral.com/articles/10.1186/s13002-020-00394-0 

3. Mughal M.S. Spotlighton species: Nannorrhopsritchieana. Pakistan Journal of Forestry.1992;42:162-166. 
4. Khan S., Shujah S., Nishan U., Afridi S., Asad M., Shah A.U.H.A., Khan N., Ramzan S., Khan M. Nannorrhops ritchiana leaf-based biomolecular extract-

mediated silver nanoparticles as a platform for mercury (II) sensing, antimicrobial activity, and DNA interaction. Arabian Journal for Science and 
Engineering.2023; 48(8), 7673–7684. https://doi.org/10.1007/s13369-023-07682-3  

https://www.jogcr.com/article_709943_fd427dc1f148277d3fb09d14fd38994b.pdf
https://www.jogcr.com/article_709943_fd427dc1f148277d3fb09d14fd38994b.pdf


 

5. Jadoun S., Arif R., Jangid N.K., Meena R. K. Green synthesis of nanoparticles using plant extracts: A review. Environmental Chemistry Letters. 2021; 19, 
355–374. https://doi.org/10.1007/s10311-020-01074-x 

6. Raha S., Ahmaruzzaman M. ZnO nanostructured materials and their potential applications: Progress, challenges and perspectives. Nanoscale Advances. 
2022; 4(7):1868–1925. https://doi.org/10.1039/D1NA00880C 

7. Djearamane S., Xiu L.J., Wong L.S., Rajamani R., Bharathi D., Kayarohanam S., Escalante De Cruz A., Tey L.H., Janakiraman A. K., Aminuzzaman M., 
Selvaraj S. Antifungal properties of zinc oxide nanoparticles on Candida albicans. Coatings. 2022; 12(12): 1864. https://doi.org/10.3390/coatings12121864 

8. Chengirehi S., Yousefzadi M., Ataranfariman G., Zarei M., Ranjbar M. Green synthesis of zinc oxide nanoparticles using Sargassum ilicifolium extract 
and evaluation of their antibacterial properties. Journal of Physiology and Biotechnology of Aquatics. 2024; 12(2): 51–69. 
https://doi.org/10.22124/japb.2023.25411.1510 

9. He P., Yang G., Zhu D., Kong H., Corrales-Ureña Y.R., Colombi Ciacchi L., Wei G. Biomolecule-mimetic nanomaterials for photothermal and 
photodynamic therapy of cancers: Bridging nanobiotechnology and biomedicine. Journal of Nanobiotechnology. 2022; 20(1): 483. 
https://doi.org/10.1186/s12951-022-01691-4 

10. Jadoun S., Arif R., Jangid N.K., Meena R.K. Green synthesis of nanoparticles using plant extracts: A review. Environmental Chemistry Letters. 2021; 
19(1): 355–374. https://doi.org/10.1007/s10311-020-01074-x 

11. Kirubakaran D., Abdul Wahid J.B., Karmegam N., Jeevika R., Sellapillai L., Rajkumar M., SenthilKumar K.J.A comprehensive review on the green 
synthesis of nanoparticles: Advancements in biomedical and environmental applications. Biomedical Materials and Devices. 2025; 3(1): Article 00295. 
https://doi.org/10.1007/s44174-025-00295-4 

12. Dehghani M., Hajipour-Verdom B., Abdolmaleki P. Effect of precipitating agent, N₂ gas, extract volume and pH on the magnetic properties of magnetite 
nanoparticles by green synthesis from aqueous pomegranate peel extract. Frontiers in Chemistry. 2024; 12. Article 1413077. 
https://doi.org/10.3389/fchem.2024.1413077 

13. Rashid S., Ahmad M., Sultana S., Hadi S.F., Hadda T.B., Zafar M., Khan M.A., Khan M.P.Z., Yaseen G. An ethnobotanical study of medicinal plants in 
high mountainous region of Chail valley (District Swat–Pakistan). Journal of Ethnobiology and Ethnomedicine. 2014;10(36). https://doi.org/10.1186/1746-
4269-10-36 

14. Gupta M., Tomar R.S., Kaushik S., Mishra R.K., Sharma D. Effective antimicrobial activity of green ZnO nano particles of Catharanthus roseus. Frontiers 
in Microbiology. 2018;9:2030. doi: https://doi.org/10.3389/fmicb.2018.02030 

15. Wang Z., Lee Y.H., Wu B., Horst A., Kang Y., Tang Y.J. Anti-microbial activities of aerosolized transition metal oxide nanoparticles. Chemosphere. 
2010;80(5):525-9. [PubMed] 

16. Javadian E., Biabagard A., Ghafari M., Saeidi S., Fazelinasab B. Green Synthesis of Silver Nanoparticles and Antibacterial Properties of Extracts of 
Capparis spinosa Leaves. Journal of Medicinal Plants and by Products. 2024; 13(2):329-343 

17. Fazelinasab B., Ghafari M., Jahantigh M., Beigomi Z., Saeidi S. Evaluation of Phenolic and Flavonoid Content, Alkaloids, Antioxidant Capacity and 
Antibacterial Properties of Methanolic Extract of Zahak Native Medicinal Plants Against Seven Pathogens. Journal of Medicinal Plants and by Products. 
2024; 13(1): 57-65 

18. Saeidi S., Javadian E., Saravani S., Ghafari M., Khosravi A. Investigating the Antimicrobial Properties of Synthetic Zinc Nanoparticles in the Medicinal 
Plant on Escherichia Coli causative of Bacteriuria in Pregnant Women. Journal of Obstetrics, Gynecology and Cancer Research. 2024; 9(1): 76-82. 
 

https://doi.org/10.1007/s10311-020-01074-x
https://doi.org/10.1039/D1NA00880C
https://doi.org/10.3390/coatings12121864
https://doi.org/10.22124/japb.2023.25411.1510
https://doi.org/10.1186/s12951-022-01691-4
https://doi.org/10.1007/s44174-025-00295-4
https://doi.org/10.3389/fchem.2024.1413077
https://doi.org/10.1186/1746-4269-10-36
https://doi.org/10.1186/1746-4269-10-36
https://doi.org/10.3389/fmicb.2018.02030
https://www.jogcr.com/article_709943_fd427dc1f148277d3fb09d14fd38994b.pdf
https://www.jogcr.com/article_709943_fd427dc1f148277d3fb09d14fd38994b.pdf

