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 Abstract: The current work is focussed on green synthesized ZnO NPs using Indian gooseberry Phyllanthus emblica 
seeds. Green synthesis, characterization, in vitro antioxidants and antimicrobial parameters were focussed. The 
band gap energies, active component, shape, and surface charge of the green synthesized ZnO NPs were determined 
by UV, FTIR, DLS, and SEM analyses. Significant growth inhibition actions on gram positive, gram negative, and 
fungal species were found in the antimicrobial data. The evaluated ZnO NPs' reducing and scavenging properties 
were also demonstrated by antioxidant investigations. Our research revealed that green synthesized ZnO NPs based 
on P. emblica seeds produced more suitable outcomes and can be utilized as a traditional substitute source for 
nanoparticles than other hazardous chemicals. 
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Introduction 

Nanoparticles have gained great importance 

because of their small size (1 to 100 nm) and 

strong surface reactivity. Nanomaterials have 

special properties like high surface and volume 

ratios (Geonmonond et al., 2018). According to 

Sobha et al. (2010), nanobiotechnology is a 

recently developed field that focuses on enhanced 

biotechnological methods for the synthesis of 

nanoparticles from a variety of substrates, 

including microbes and plants. These days, green 

synthesized nanoparticles made from plant 

products are replacing bulk materials and 
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chemically synthesized nanoparticles (Zhong et al., 

2018). Green nanoparticles (NPs) are the safe 

materials with elite features and also considered 

as an eco-friendly, biocompatible, bio-safe, cost 

effective and less hazardous chemicals (Rosi and 

Mirkin, 2005; Raghupathi et al., 2011; Sabir et al., 

2014). For the purpose of creating nanoparticles 

and using them in various application studies, the 

majority of researchers concentrated on a variety 

of plants and plant parts. 

 Zinc oxide (ZnO) nanoparticles are a type of 

metallic oxide compound that exhibits a variety of 

remarkable properties, including photocatalysis, 

optical, electrical, magnetic, and piezoelectric 

sensors (Dagdeviren et al., 2003; Teodore, 2006; 

Wang et al., 2008), as well as antimicrobial and 

anticorrosive properties (Okitsu et al., 2007; 

Siyanbola et al., 2013). These days, ZnO NPs are a 

promising material with a wide range of uses, 

including medication delivery systems, gene guns, 

anti-inflammatory, antioxidant, anti-cancerous, 

and wound healing. These are employed in the 

rubber, ceramic, pharmaceutical, and environ-

mental remediation processes (Iravani, 2011; 

Duan et al., 2015; Bala et al., 2015). Thus, green 

synthesized ZnO NPs are ultimately thought to be 

a quick, efficient, and environmentally benign 

method (Gunalana et al., 2012). 

 Phyllanthus emblica, or Indian gooseberry, is 

one of the main fruits used in medicine. In Asian 

locations, the P. emblica plant species is widely 

distributed. The fields of Unani and Ayurveda 

medicine are the main uses for the P. emblica fruit. 

Fruit has the ability to chill the body when it 

becomes hot, and it contains a lot of vitamin C 

(Dinesh et al., 2017). The fruits' therapeutic and 

nutritional value led to their enormous 

significance in indigenous traditional medical 

systems such as Ayurveda, Siddha, etc. It is also 

used for Hepatopathy, anemia, diarrhea, jaundice, 

hemorrhages, fever, menorrhagia, leucorrhea, 

common cold, cardiac disorders, cough, bronchitis, 

asthma, cephalalgia, diabetes, hyperacidity, 

dyspepsia, erysipelas, dermal diseases and peptic 

ulcers treatments (Saini et al., 2022). 

 Green synthesis of zinc oxide nanoparticles 

based on Phyllanthus emblica seeds are the study's 

main goal. The size and shape of the ZnO NPs are 

characterized by FTIR, UV, DLS, and SEM. The 

ZnONP in vitro antimicrobial and antioxidant 

properties were also assessed. 

Materials and Methods 

Amla or Phyllanthus emblica plant berries were 

collected from Raja Herbal Garden (Indira Nagar, 

Tiruchirappalli, India) and authenticated. In a 

sample bag, P. emblica green berries transported 

to the research laboratory (KIRND, 

Tiruchirappalli) and washed with tap water and 

then with distilled water. Berries were spread in 

the tray and the fleshy (mesocarp) parts were 

removed with the help of new scalpel. Endocarp 

part which encases the seeds were collected. 

Finally the seeds were collected from stony 

endocarp and air dried in the laboratory for the 

next 48 h. Then, the dried seeds were grounded 

and sieved. The seed powder was used for further 

analysis. Based on the phytochemical screening 

and bioactive compound analysis of P. emblica 

seeds (results not included here), the seed extracts 

were used for ZnO nanoparticle synthesis. 

Synthesis of green synthesized ZnO NPs   

Zinc hydroxide (Sigma Aldrich Chemicals Ltd., 

Mumbai, India) and Ethanol (Spectrochem 

Research Laboratories, Mumbai, India) were 

purchased. By downstream process, the zinc oxide 

nanoparticles were synthesised. 

Characterization of green synthesized ZnO NPs 

The functional or active groups and bandgap of the 

investigated substances can be identified using UV 

spectroscopy (Shimadzu UV-2450) and FTIR (FTIR 

SHIMADZU 8400) based on potassium bromide 

pellets, which is crucial for molecular analysis. 

Synthesized chemical structure are anticipated by 

Gemini 500 (Zeiss) field emission scanning 

electron microscopy (SEM) combined with DLS. 

Antimicrobial activity  

Klebsiella pneumonia, Escherichia coli, Bacillus 

subtilis,   Staphylococcus   aureus,   and   Aspergillus 
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Fig. 1: Green synthesized ZnO nanoparticles - UV spectra. 

niger were used for the antimicrobial assay. 

Phyllanthus emblica-based green synthesized ZnO 

NPs were evaluated for antimicrobial activity 

utilizing the agar well diffusion method (Rajasekar 

et al., 2013). By using the spreading plate method, 

nutrient agar medium was made, placed onto the 

petriplates, and then infected with the appropriate 

microorganisms (concentration 104 cells/ml). Four 

wells were prepared in each plate. Three wells 

were filled with three distinct concentrations of 

green synthesized ZnO NPs (50, 75, and 

100µg/ml); and one well with a positive control 

(fungi: clotrimazole; bacteria: tetracycline). The 

inhibitory zone was measured (in mm) after the 

plates were incubated for 24 h at 37°C. 

Antioxidant activity 

By using the in vitro DPPH, hydroxyl reducing 

power, and hydrogen peroxide assay protocols 

described by Anzabi (2018), Jacob and Rajiv 

(2019), and Gocer et al. (2012), respectively, the 

antioxidant capabilities of the green synthesized 

ZnO nanoparticles were investigated. The 

solution's absorbance was measured by a 

spectrophotometer (Shimadzu UV-2450) at 517 

nm. 

Statistical analysis 

SPSS (7.0 version) and Duncan post hoc testing 

was used to compare the groups' mean±SD values 

and find the least significant differences. 

Regression analysis was used for determining the 

IC50 values. 

Results and Discussion 

During green synthesis of ZnO NPs, the chemical 

colour changed into yellowish white precipitate 

which represented the reduction of reactants 

(Zinc nitrate) into the product ZnO nanoparticles. 

Various herbal plants mediated ZnO NPs synthesis 

were reported by Rathika et al. (2023) and 

Jagajothi et al. (2024).  

Characterization of P. emblica seed mediated 
ZnONPs 

Green synthesized ZnO NPs UV spectrum is ranged 

between 200 to 1100 nm. Two peaks were 

observed at 287.30 and 1059.20 nm (Fig. 1) and 

their respective absorbance were 1.087 and 0.021. 

The direct band gap energies are measured as 4.32 

and 1.17eV, respectively. UV spectral analysis (Fig. 

2) revealed the presence of alkyne (C-H), (C=C), 

alkane (CH3) bending and C-I for their respective 

peaks at 3397, 1628, 1384 and 569cm-1, 

respectively. SEM analysis revealed the aggregated 

hexagonal particles and DLS also proved the size 

of the ZnO NPs as ~30nm (Figs. 3, 4). Similar 

green synthesized ZnO NPs characterization 

results are evidenced by Vahidi et al. (2009), 

Chikkanna et al. (2019) and Mahvash et al. (2020). 
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Fig. 2: FTIR spectrum of green synthesized ZnO NPs. 

 

Fig. 3: Green synthesized ZnONPs DLS analysis for intensity distribution. 

 

Fig. 4: Scanning electron microscopic image of green synthesized ZnO NPs. 
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Table 1: Antimicrobial activity of green synthesized ZnO nanoparticles 

Microbes 

Green synthesized ZnO NPs Control 

50 µg/ml 75 µg/ml 100 µg/ml 200 µg/ml 

Aspergillus niger 17.06±0.03 16.03±0.01 15.05±0.01 16.09±0.01 

Escherichia coli 15.02±0.02 17.09±0.03 17.09±0.07 16.08±0.04 
Klebsiella pneumonia 15.05±0.03 16.10±0.02 16.03±0.04 16.02±0.06 

Bacillus subtilis 18.05±0.04 15.03±0.01 17.06±0.05 17.03±0.03 
Staphylococcus aureus 17.01±0.06 16.02±0.01 16.05±0.04 15.05±0.02 

      Control: Tetracycline (Bacteria); Clotrimazole (Fungi) 

Table 2: Antioxidant studies of P. emblica seed mediated ZnO nanoparticles 

ZnO NPs 
Concentrations 

(µg/ml) 

Percentage of inhibition 

DPPH Hydroxyl 
scavenging 

FRAP H2O2 

0.2 61.57±2.46 34.68±1.78 0.13±0.09 5.68±0.25 

0.4 70.89±1.68 45.78±1.21 0.19±0.05 14.67±1.35 

0.6 75.80±1.97 52.36±1.46 0.25±0.07 26.78±2.01 

0.8 79.90±1.58 56.78±1.85 0.32±0.08 47.89±3.58 

1.0 82.57±1.78 67.85±1.64 0.56±0.07 50.91±2.11 

 

Antimicrobial activities of Phyllanthus emblica 
based green synthesized ZnO NPs 

Treated groups showed significant results against 

the microbes at all the concentrations (Table 1). 

The maximum inhibition zone was observed 

against gram positive Bacillus subtilis (18.05±0.04 

mm) treated with 50 μg/ml green synthesized ZnO 

NPs. ZnO NPs treated group growth inhibition 

results are similar to their respective positive 

control growth inhibition. Plant compound 

mediated nanoparticles contain numerous 

bioactive compounds which acts as capping and 

stabilizing agents for nanoparticles and also acts 

as capping and reducing agents against various 

gram positive and negative bacteria (Talbot et al., 

2006; Mohamed and Akladious 2017; Rehman et 

al., 2017; Rajeshkumar et al., 2019; Sergiev et al., 

2019). Green synthesized ZnO NPs showed 

significant antimicrobial activities due to the 

activation of reactive oxygen species by hydrogen 

peroxide, hydroxyl radial and superoxide anion 

development in the microbial system (Rasmussen 

et al., 2010; Xiong et al., 2013).  

Antioxidant activities of green synthesized ZnO NPs 

Based on the absorbance of the control and tested 

samples, the inhibitory concentration and its 

significant antioxidant potential of Phyllanthus 

emblica seed based green synthesized ZnONPs 

was evaluated by DPPH radical scavenging assay 

having IC50 2.018 µg/ml (Table 2). Similarly, IC50 

values for hydroxyl, FRAP and hydrogen peroxide 

assay are evaluated as 0.259, 2.812 and 0.624 

µg/ml, respectively.The antioxidant activities of 

the tested compound are based on their reducing 

properties (Taylor et al., 1997). In general, 

increased ROS species by various plant metabolic 

pathways as well as chemically synthesized NPs 

leads to mutations and lethality to cells (Yen et al., 

1993; Halliwel and Gutteridge, 1999) whereas 

Phyllanthus emblica based green ZnO NPs showed 

significantly increased antioxidant levels than the 

control. 

 In microbial cytoplasm, ROS production 

resulted the gradient variation which leads to the 

increased membrane permeability, genomic 

instability and cytotoxicity (Dutta et al., 2013; Shi 

et al., 2014; Jiang et al., 2016). Due to the 

increased microbial resistance towards the drugs, 
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the identification of enhanced and improved 

antimicrobial agents is essential for the present 

situation (Romero et al., 2005; Boucher et al., 

2009).  

 P. emblica ability to scavenge free radicals was 

tested using the DPPH radical scavenging assay 

(Suttijit, 2020). The results showed that the 

extracts from the fruit and seeds had strong 

antioxidant properties towards oxygen radicals 

and the maximum antioxidant activity was 

obtained at the highest dose of 10 mg/ml. The 

results of the bioactivities indicate that the 

Phyllanthus emblica seed has the ability to take the 

position of the fruit in terms of medical benefits, 

therefore increasing the plant's value (Suttijit, 

2020). 

 Green synthesis of ZnO NPs utilizing 

Phyllanthus emblica extract was reported by Vala 

et al. (2023). The XRD data validate the pure 

hexagonal wurtzite structure. The production of 

quasi-spherical NPs is confirmed by FESEM. The 

purity of ZnO NPs is revealed by the EDAX 

analysis. FTIR results proved that the NPs contain 

Zn-O stretching vibration. ZnONPs optical 

response is displayed by the UV-vis curve, and 

their optical bandgap is 3.29 eV. 

 Anbukkarasi et al. (2015) investigated the 

antibacterial properties of ZnO nanoparticles from 

Emblica officinalis. Six bacterial pathogens—

Bacillus subtilis, Streptococcus pneumonia, 

Staphylococcus epidermidis, Klebsiella pneumonia, 

Salmonella typhi, and Escherichia coli as well as 

two fungal pathogens Aspergillus niger and 

Candida albicans were tested for antimicrobial 

activity using the agar well diffusion method. Both 

the minimum bactericidal concentration (MBC) 

and the minimal inhibitory concentration (MIC) 

against certain pathogens were assessed. ZnONPS 

had the highest antibacterial activity against S. 

epidermidis (35 mm) with the lowest MIC and MBC 

values (7.81 µg/ml), followed by E. coli.  

 Palladium nanoparticles (PdNPs) were 

synthesized in an environmentally friendly 

manner by employing P. emblica seeds as a 

reducing agent (Murugesan et al., 2017). The 

metallic PdNPs were tested using a range of 

analytical methods, including FT-IR, UV-Vis, XRD, 

Zeta potential, SEM, and TEM. According to the 

findings, the green PdNPs that were synthesized 

had a spherical shape and an average particle size 

of 28 ± 2 nm, with a moderate stability 

(Murugesan et al., 2017).. Additionally, using the 

agar well diffusion method, the produced PdNPs 

and extract were tested for their antibacterial 

properties against a range of disease-causing 

microorganisms. The results against B. subtilis and 

S. aureus were 8.9 ± 1.46 mm and 9.6 ± 1.10 mm 

for the seed extract and PdNPs, respectively 

(Murugesan et al., 2017). 

Conclusion 

This study is focused about the green synthesis of 

ZnO NPs from Indian gooseberry Phyllanthus 

emblica seed extract which is an eco-friendly 

compound and used as a conventional and 

promising compound for the toxic chemical based 

nanoparticles. Synthesized ZnO NPs characteri-

zation results revealed the nanoparticle size, 

morphology, band gap energies and surface 

charges. In vitro antimicrobial and antioxidant 

studies also revealed the compatibility and 

efficiency of P. emblica seed based green 

synthesized ZnO NPs.  

Ethical Statement  

The authors confirm that all ethical issues have 

been dealt with the research ethics guidelines 

provided by the KIRND Institute of Research and 

Development Pvt. Ltd., Tiruchirappalli  620020, 

Tamil Nadu, India. 

Author Contributions 

Each author has contributed equally to the study’s 

planning, analysis, writing, and editing. All authors 

have read and agreed to the published version of 

the manuscript. 

Acknowledgements 

The authors are thankful to the authorities at PG 

and Research Department of Botany, Alagappa 



19 

 

Government Arts College, Kariakudi, India for 

their support during this study. 

Conflict of Interest 

The authors declare no conflicts of interest. 

References 

Anbukkarasi V, Srinivasan R and Elangovan N. (2015) 
Antimicrobial activity of green synthesized zinc 
oxide nanoparticles from Emblica officinalis. Int J 
Pharm Sci Rev Res. 33(2): 110-115. 

Anzabi Y. (2018) Biosynthesis of ZnO nanoparticles 
using barberry (Berberis vulgaris) extract and 
assessment of their physicochemical properties and 
antibacterial activities. Green Process Synth. 7(2): 
114-121. 

Bala N, Saha S, Chakraborty M, Maiti M, Das S, Basu R 
and Nandy P. (2015) Green synthesis of zinc oxide 
nanoparticles using Hibiscus subdariffa leaf extract: 
effect of temperature on synthesis, anti-bacterial 
activity and anti-diabetic activity. RSC Adv. 5: 4993-
5003. 

Boucher HW, Talbot GH, Bradley JS, Edwards JE, Gilbert 
D, Rice LB, Scheld M, Spellberg B and Bartlett  J. 
(2009) Bad bugs, no drugs: no ESKAPE! An update 
from the Infectious Diseases Society of America. Clin 
Infect Dis. 48(1): 1-12.  

Chikkanna MM, Neelagund SE and Rajashekarappa KK. 
(2019) Green synthesis of zinc oxide nanoparticles 
(ZnO NPs) and their biological activity. SN Appl Sci. 
1(1): 117.  

Dagdeviren C, Suk-Won H, Yewang S, Stanley K, Huanyu 
C, Onur G, Ryan H, Fiorenzo GO, Yonggang H and John 
AR. (2013) Transient, biocompatible electronics and 
energy harvesters based on ZnO. Small 9(20): 3398-
3404. 

Duan H, Wang D and Li Y. (2015) Green chemistry for 
nanoparticle synthesis. Chem Soc Rev. 44: 5778-
5792. 

Dutta RK, Nenavathu BP, Gangishetty MK and Reddy AV. 
(2013) Antibacterial effect of chronic exposure of 
low concentration znO nanoparticles on E. coli. J 
Environ Sci Health A Tox Hazard Subst Environ Eng.  
48: 871-878. 

Geonmonond RS, Da Silva AGM and Camargo PHC. 
(2018) Controlled synthesis of noble metal 
nanomaterials: motivation, principles, and 
opportunities  in nanocatalysis.  Anais da Academia 
Brasileira de Ciências 90(1 Suppl. 1): 719-744. 

Gocer HY, Menzek A and Gulcin I. (2012) Synthesis and 
antioxidant properties of (3,4.dihydroxyphenyl) 

(2,3,4-trihydroxyphenyl) methanone and its 
derivaties. Arch Pharm (Weinheim) 345: 323-324. 

Gunalana S, Sivaraja R and Rajendranb V. (2012) Green 
synthesized  ZnO nanoparticles against bacterial and 
fungal pathogens. Prog Nat Sci Mater. 22(6): 693-
700.  

Halliwel B and Gutteridge JMC. (1999) Free Radicals in 
Biology and Medicine. Oxford University Press, New 
York.  

Iravani, S. (2011) Green synthesis of metal nanoparticles 
using plants. Green Chem. 13: 2638-2650. 

Jagajothi A, Srinivasan K, Bhuvaneshwari S, Rathika R 
and Suganthi P. (2024) Green synthesis and 
characterization of Terminalia chebula seeds 
mediated ZnO nanoparticles and their larvicidal 
activity. African J Biol Sci. 6(6): 1205-1212. 

Jiang Y, Zhang L, Wen D and Ding Y. (2016) Role of 
physical and chemical interactions in the 
antibacterial behavior of znO nanoparticles against 
E. coli. Mater Sci Eng C Mater Biol Appl.  69: 1361-
1366. 

Mahvash A, Afshin J and Hoda JM. (2020) Green 
approach in fabrication of photocatalytic, 
antimicrobial, and antioxidant zinc oxide 
nanoparticles – hydrothermal synthesis using clove 
hydroalcoholic extract and optimization of the 
process. Green Process Synth. 9: 375-385.  

Mohamed HI and Akladious SA. (2017) Changes in 
antioxidants potential, secondary metabolites and 
plant hormones induced by different fungicides 
treatment in cotton plants. Pestic Biochem Physiol. 
142: 117-122. 

Murugesan D, Selvaraj MR, Chinnadurai IS and 
Prabhakarn A. (2017) Phyllanthus emblica seed 
extract mediated synthesis of PdNPs against 
antibacterial, heamolytic and cytotoxic studies. J 
Photochem Photobiol B Biol. 167: 64-71.  

Okitsu K, Mizukoshi Y, Yamamoto TA, Maeda Y and 
Nagata Y. (2007) Sonochemical synthesis of gold 
nanoparticles on chitosan. Materials Letters 61(16): 
3429-3431. 

Raghupathi KR, Koodali RT and Manna AC. (2011) Size-
dependent bacterial growth inhibition and 
mechanism of antibacterial activity of zinc oxide 
nanoparticles. Langmuir. 27: 4020-4028. 

Rajasekar P, Priyardharshini S, Rajarajeshwari T and 
Shivashri C. (2013) Bio-inspired synthesis of silver 
nanoparticles using Andrographis paniculata whole 
plant extract and their anti-microbial activity over 
pathogenic microbes. Int J Res Biomed Biotech. 3: 
4752-4761. 

https://onlinelibrary.wiley.com/authored-by/Hwang/Suk%E2%80%90Won
https://onlinelibrary.wiley.com/authored-by/Su/Yewang
https://onlinelibrary.wiley.com/authored-by/Kim/Stanley
https://onlinelibrary.wiley.com/authored-by/Cheng/Huanyu
https://onlinelibrary.wiley.com/authored-by/Cheng/Huanyu
https://onlinelibrary.wiley.com/authored-by/Gur/Onur
https://onlinelibrary.wiley.com/authored-by/Haney/Ryan
https://onlinelibrary.wiley.com/authored-by/Omenetto/Fiorenzo+G.
https://onlinelibrary.wiley.com/authored-by/Huang/Yonggang
https://onlinelibrary.wiley.com/authored-by/Rogers/John+A.
https://onlinelibrary.wiley.com/authored-by/Rogers/John+A.


20 

 

Rajeshkumar S, Menon S, Kumar SV, Tambuwala MM, 
Bakshi HA, Mehta M, Satija S, Gupta G, Chellappan DK 
and Thangavelu L. (2019) Antibacterial and 
antioxidant potential of biosynthesized copper 
nanoparticles mediated through Cissus arnotiana 
plant extract. J Photochem Photobiol B. 197: 111531. 

Rasmussen JW, Martinez E, Louka P and Wingett DG. 
(2010) Zinc oxide nanoparticles for selective 
destruction of tumor cells and potential for drug 
delivery applications. Expert Opin Drug Deliv. 7: 
1063-1077. 

Rathika R, Mahmoodah Parveen K, Suganthi P, 
Kannadasan N and Srinivasan K. (2023) 
Photocatalytic and in vitro antioxidant activity of 
Terminalia chebula fruits mediated ZnO 
nanoparticles. Biol Forum 15(3): 199-202.  

Rehman M, Ullah S, Bao Y, Wang B, Peng D and Liu L. 
(2017) Light-emitting diodes: whether an efficient 
source of light for indoor plants? Environ Sci Pollut 
Res. 24: 24743-24752. 

Romero CD, Chopin SF, Buck G, Martinez E, Garcia M and 
Bixby L. (2005) Antibacterial properties of common 
herbal remedies of the southwest. J Ethnopharmacol. 
99: 253-257. 

Rosi NL and Mirkin CA. (2005) Nanostructures in 
biodiagnostics. Chem Rev. 105: 1547-1562.  

Saini R., Sharma N, Oladeji OS, Sourirajan A, Dev K, 
Zengin G, El-Shazly M and Kumar V. (2022) 
Traditional uses, bioactive composition, 
pharmacology, and toxicology of Phyllanthus emblica 
fruits: A comprehensive review. J Ethnopharmacol. 
282: 114570.  

Sergiev I, Todorova D, Shopova E, Jankauskiene J, 
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