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Green synthesis was found to be an environmentally friendly and sustainable approach 
for producing selenium nanoparticles with good antibacterial properties. Curcuma 
longa L. commonly known as turmeric is a plentiful plant resource however only the 
rhizome is in demand by the markets leaving the leaves as waste. Therefore, in this 
study, Curcuma longa L. leaves extract was used in selenium nanoparticles synthesis 
from sodium hydrogen selenite, NaHSeO3. The synthesizing process was assisted by 
microwave heating for 20 minutes at 500 W power. The formation of SeNPs was initially 
observed from the colour changes of the solution from brownish plant extract to deep 
orange colour. The surface plasmon resonance of SeNPs was also tested by UV spectra 
with absorbance at wavelength 265 nm to further confirm the formation of SeNPs. 
FESEM imaging was also performed to analyse the morphology and the size of the 
SeNPs with average sizes of 129 and 167 nm. The chemical composition of the SeNPs 
was also investigated using FTIR to study the functional group responsible for 
biosynthesized SeNPs. The shifting of O-H at and C=O at shows that these functional 
groups were involved in SeNPs production. Then the SeNPs were exposed to two 
different gram pathogens, Staphylococcus aureus and Escherichia coli. The inhibition 
The SeNPs mediated from C. longa L. extract was found to successfully inhibit the S. 
Aureus bacteria at 11.01mm. These SeNPs has the potential for applications to combat 
infection causes by S. aureus. 
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1. Introduction 
 

The number of nanoparticles and nanotechnology studies have been rapidly increasing for its 
potential in nanomedicines and antibiotics [1,2]. Various nanoparticles were proposed as a solution 
ranging from organic nanoparticles to inorganic nanoparticles. However, the spike of toxicity of the 
inorganic nanoparticles such as silver nanoparticles [3-5] after prolonged deposition in healthy 
human cells has been major concern despite their excellent antibacterial properties. Nanoparticles 
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production originated from chemical synthesis however due to the issue risen regarding the materials 
encouraged researchers to explore potential eco-friendly materials and methods to replace the role 
of those potentially toxic materials. Green synthesis of nanoparticles is a facile synthesis that has 
been major interest among researchers as the method was found to be not only environmentally 
friendly but also low-cost with abundant resources available varied from plants, fungi, and bacteria 
[6]. Interestingly, in a study by Bahttacharjee et al., in 2019 [7], the green synthesized nanoparticles 
were proven to be less toxic compared to chemically synthesized nanoparticles.  

Curcuma longa L. is a plant with bright yellow rhizome that can be found abundantly in warm 
climate region of the world. Curcuma longa L. or also known as turmeric is a fundamental spice in 
culinary, composed of non-volatile polyphenols that contains curcumin, dimethoxy curcumin and 
bisdemethoxycurcumin [8]. Turmeric also known for its antibacterial properties which potentially 
contribute to the properties of the later synthesized nanoparticles [9,10]. Hence, leaving the leaves 
as a byproduct waste.  

The nanoparticles were divided by its composition., therefore the organic and inorganic 
nanoparticles. Inorganic nanoparticles consist of metallic and non-metallic nanoparticles while 
inorganic nanoparticles are made of dendrimer, liposome, micelle, polymeric NPs, and nanogel [11]. 
Various types of metallic nanoparticles have been synthesized from inorganic nanoparticles via green 
synthesis such as silver nanoparticles (AgNPs) [12], copper nanoparticles (CuNPs) [13], gold 
nanoparticles (AuNPs) [14], titanium dioxide nanoparticles (TiO2) [15]. Interestingly, there are less 
study conducted on non-metallic nanoparticles such as selenium. Selenium is a unique reactive non-
metals trace element. The selenium nanoparticles (SeNPs) have unique properties that sparked 
interest among researchers to explore the benefits of this element. Selenium nanoparticles is an 
elemental selenium (Se0) derived from selenide (Se2-), selenite (Se4+) and selenate (Se6+) salts [6]. 
Naturally, selenite and selenate salts are highly toxic compared to elemental selenium or selenium 
nanoparticles. The SeNPs was found to be significantly non-toxic compared to its ionic forms [16]. 
This also leads to numerous studies exploring green synthesized SeNPs compared to chemically 
synthesized SeNPs due to its biocompatibility. Synthesizing selenium nanoparticles via green 
synthesis can be challenging therefore they synthesis was assisted to reduce synthesis time. In a 
study by Mellinas et al., [17] utilised Theobroma cacao L. bean shell extract as the reducing agent and 
the reaction was induced by microwave synthesis. The time taken for the SeNPs to form via 
microwave synthesis is 15.6 minutes at 788.6 W. 

The green route of selenium nanoparticles for antimicrobial studies has been studied from 2015. 
A study by Khiralla & El-Deeb [18], they synthesized SeNPs by treating selenide with Bacillus 
licheniformis isolated from food waste for microbial biofilms application. Kokila and colleagues [19] 
studied the potential of Diospyros montana leaf extract-mediated SeNPs with antimicrobial activity 
at highest concentration for Staphylococcus aureus, Escherichia coli and the highest inhibition can be 
seen with SeNPs exposed to Aspergillus niger. Shubarani et al. [20] discovered the potential of 
biosynthesized SeNPs from bee propolis for antioxidant and antimicrobial study. The SeNPs were 
exposed to 6 different pathogens and showed a good antibacterial activity against gram-positive 
bacteria. In 2020, Vahdati et al., synthesized SeNPs to evaluate the antibacterial activity exhibited by 
the nanoparticles [21]. The SeNPs were synthesized by using ascorbic acid, then the obtained SeNPs 
were incubated together with an enzyme, lysozyme to test the SeNPs in enzymatic condition. Mulla 
and colleague with concentration dependant antibacterial activity by using Azadirachta indica leaves 
extract [22]. The work in exploring the potential use of biosynthesized continued as Mohamed Radzi 
et al., [23] investigated the potential of SeNPs from NaHSeO3 by using C. longa L. extract as reducing 
agent. 
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In this study, we are focusing on green synthesized SeNPs mediated from Curcuma longa L. leaves 
extract or also widely known as turmeric plant leaves. The leaves were chosen as there was a lack of 
study focusing on the leaves as extract that acts as reducing agent in nanoparticle synthesis. There is 
also a lack of study that uses the sodium hydrogen selenite, NaHSeO3 as a precursor in SeNPs 
synthesis compared to sodium selenite, Na2SeO3 and selenious acid, HSeO3. Hence, this study uses 
NaHSeO3 as a precursor. Due to the successful synthesis using the microwave-assisted method by 
Mellinas et al., [17], microwave irradiation will be utilized to trigger the formation of SeNPs. However, 
in this study, the formation of SeNPs with lower microwave power at 500 W was studied within 
increasing microwave time. The synthesized nanoparticles then were tested against gram-positive 
(Staphylococcus aureus) and gram-negative (Escherichia coli) bacteria to study the antibacterial 
properties of SeNPs. Therefore, this study also utilizing the use of conventional microwave method 
which is accessible compared to other high-end machines. Synthesizing selenium nanoparticles may 
take up to days hence a new approach to facile synthesis will be proposed in this study. 
 
2. Methodology  
2.1 Materials 

 
Sodium hydrogen selenite, NaHSeO3 precursor purchased from Fluka (Honeywall) with purities 

of ≥96.00%. Curcuma longa L. leaves were freshly collected from Sungai Besi, Kuala Lumpur. All 
chemicals used in this study were analytical grade with the best purity. 

 
2.2 Preparation of Curcuma longa L. Leaves Extract 
 

Freshly picked Curcuma longa L. leaves were collected and washed thoroughly with distilled 
water to remove impurities before drying in the airflow oven. The leaves were left to dry overnight 
at 70ºC and ground into fine powder before extraction. 10 g of C. longa L. were extracted in 100 mL 
distilled water by continuous stirring on a magnetic hot plate at 70ºC for an hour. Then, the extraction 
was centrifuged for 10 minutes on a tabletop centrifuge to separate the plants residue and only 
aqueous extract were taken. The extract then filtered to remove all possible impurities. To maintain 
the quality of the extract, the extract was stored in fridge at 4ºC for further use. 

 
2.3 Green Synthesis Selenium Nanoparticles 
 

The selenium nanoparticles synthesis following the previous study conducted by Mohamed Radzi 
et al., by using microwave irradiation method [23]. Aqueous solution of 500 mM of NaHSeO3 were 
prepared in 100 mL distilled water. The ratio of precursors and plant extract were remained constant 
in this study with (1:1) of NaHSeO3 and C. longa L. extract following the previous study by Mohamed 
Radzi et al., [23]. 50 mL of NaHSeO3 aqueous solution were mixed with 50 mL of C. longa L. extract. 
The mixture was stirred for an hour before heated in microwave at 500 W for 20 minutes with 2 
minutes cooling interval to induce the formation of SeNPs following method proposed by Mellinas et 
al., [17]. The yield of SeNPs then were collected by washing the solution with distilled water until 
there is no residue of plant extract. The SeNPs were dried overnight in airflow oven at 70ºC and the 
powder stored for characterization studies. 
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2.4 UV-Vis spectrophotometer analysis 
 

The SeNPs mediated from C. longa L. extract were initially determined by the appearance of the 
mixture which turn brownish from plant extract to deep brick orange. The presence of SeNPs were 
further confirmed by immediately testing the optical properties of SeNPs using UV-Visible 
spectrophotometer, UV-2600 (SHIMADZU). A wavelength of the SeNPs were measured from 800 nm 
to 220 nm. The presence of SeNPs was expected to be corresponding at 265-290 nm [18,20,21]. The 
corresponding wavelength of the SeNPs were observed after 4 minutes of microwaving time until 20 
minutes to observe the synthesized selenium nanoparticles. The yield of the SeNPs was expected to 
increase as the microwaving time increases. For UV analysis, 50 µL of the microwaved solution was 
drawn after every 4 minutes. To investigate the peak of SeNPs further, the SeNPs were washed twice 
with distilled water before analysis. 

 
2.5 FESEM Imaging 
 

The imaging of the nanoparticles was conducted using Field Emission Scanning Electron 
Microscopy (FESEM) by JEOL-JSM-7600-F. The SeNPs for this analysis were prepared by washing the 
SeNPs. Initial synthesized SeNPs were centrifuged at 4000 rpm for 10 minutes. The plant extract 
residues were removed and replaced with distilled water. This procedure was repeated twice to 
obtain pure SeNPs without plant extract for clear morphology of the nanoparticles. 

 
2.6 FTIR Analysis 
 

The functional group presents in the SeNPs were identified by ATR-FTIR (IRTracer-100) analyzed 
at 16 scans with wavenumber range from 4000 to 400 cm-1 at 16 cm-1 resolution. The dried SeNPs 
powder were analyzed directly without any modification. The shifting of functional groups in C. longa 
L. extract was estimated at O-H, C=O, C-H stretch and at lower wavelength regions [16,22]. 

 
2.7 Antibacterial Studies using Disk Diffusion Method 

 
Two references strain were used which are colistin resistant Escherichia coli (UPMC 1480) and 

Staphylococcus aureus (UPMC 1484), both were isolated from poultry. All bacteria strain were grown 
on Muller Hilton Agar (MHA) at 37ºC. For disk diffusion methods, the SeNPs mediated from C. longa 
L. extract was coated on 6mm diameter of punched filter paper and the paper was saturated with 
SeNPs. The paper was placed on the disk of agar medium to expose the sample to the bacteria. The 
plates were incubated for 24 hours and the inhibition zone for both species was observed. The 
inhibition zone of the SeNPs indicated the antibacterial activity of SeNPs. 
 
3. Results  
3.1 Observational Study 
 

Reduction of selenium salts can be observed by colour change after synthesis reaction. Initially, 
selenite salts existed in colourless state. However, reduced colourless selenite salts change into 
bright orange colour and deeper into red depends on the crystallinity of the SeNPs formed [6,21,22]. 
Figure 1 shows the SeNPs synthesized in present study, after microwaving the solution for 20 
minutes, the colour changed from brownish to brick orange which indicated formation of SeNPs, 
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complying the previous studies. The surface plasmon resonance were measured by using UV-vis 
spectra. 

 

 
Fig. 1. The orange colour SeNPs after 20 minutes microwave time 

 
3.2 Effect of Microwave Time Exposure 
 

Plant extracts were found to have corresponding peaks between 270 nm of UV absorbency [17]. 
Based on Figure 2, both C. longa L. extract and SeNPs have respective corresponding peak and 
wavelength of UV absorbance. The peaks between these 2 materials are at similar wavelength. The 
peaks of C. longa L. extract were found to be between 250 nm and 325 nm while the corresponding 
wavelength of SeNPs is at 265 nm similar to previous study by Vahdati et al., [21]. To achieve the 
highest yield possible, the mixture of aqueous selenite salts solution and C. longa L. extract were 
exposed to microwave heating at 500 W until 20 minutes. The intensity of the solution was found to 
be increasing along the 20 minutes of microwaving time. This indicated that increment of 
microwaving time induced the formation of SeNPs. Therefore, to further understand the presence of 
SeNPs, we also demonstrate the comparison between absorbance of the plant extract and washed 
SeNPs after 20 minutes. The result shows that there is a more visible corresponding peak of SeNPs at 
265 nm which further confirmed the successful synthesis of SeNPs without interruption from UV 
absorbance of plant extract. 

 
3.3 Morphology Analysis 

 
To investigate the size and the morphology of the SeNPs mediated from C. longa L. extract, the 

imaging of the SeNPs were performed by using FESEM for clear resolution of nanoparticles. The sizes 
of the nanoparticles were measured by using ImageJ software. The result can be seen in Figure 3 
where the SeNPs synthesized were polydisperse and spherical nanoparticles, at average sizes of 129 
and 167 nm which are relatively bigger that other reported biosynthesized nanoparticles 
[16,17,21,22]. The big size of nanoparticle is assumed to be agglomerated however; these 
nanoparticles were found to be naturally big but with excellent stability. 

 
3.4 Functional Group Analysis 

 
To study the possible chemical compound that responsible in the nanoparticles’ synthesis and 

stability, FTIR analysis was performed in standard condition. Based on the Figure 4, the intense 
absorption peak between 3670-2891 cm-1 indicated the presence of O-H compounds. The shifting of 
the absorption in SeNPs compound indicated that the phenolic compounds with O-H bands 
responsible for the SeNPs synthesis. In the region between 1610-1479 cm-1 and at low wavelength 
region at 1020 cm-1, there was a great shifting observed of the C=O band and C-H band accompanied 

 

20 minutes 

Microwave time 
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by a new C=O peak appeared [16,22]. This reduction may contribute to the capping of SeNPs for 
nanoparticles stability. The metallic material region was known to be appeared at 800-400 cm-1 

region. The peaks appeared are usually associated with the formation of oxide nanoparticles. Due to 
the rapid heating of microwave assisted synthesis, there is a chance that the SeNPs formed oxide 
nanoparticles. Previously, Mohamed Radzi et al., [23] discussed the peak appeared as formation of 
C=Se, thus there were possibilities of the carbon bonded covalently with selenium in the 
biosynthesized SeNPs. 

 

 
Fig. 2. UV-vis spectra of SeNPs at increasing microwave time 

 

  
Fig. 3. FESEM images of SeNPs synthesized by C. longa L. extract 
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Fig. 4. FTIR spectrum of SeNPs synthesized by C. longa L. extract 

 
3.5 Antibacterial Properties of Selenium Nanoparticles 
 

There was antibacterial activity visible on S. aureus as the inhibition zone ring was clearly visible 
for every repetition in Figure 5(a). However, there was no visible ring of inhibition zone of E. coli in 
Figure 5(b). This matter can be explained mainly due to the big size of nanoparticles that disable the 
absorption of SeNPs into the E. coli peptidoglycan layer and unable to disrupt the cells to cause 
oxidative stress [24]. Therefore, this also proven that this SeNPs are non-toxic and only cause the 
targeted implications on designated pathogens. This SeNPs is a potential candidate for developing 
materials to combat infections caused by S. aureus. The inhibition zone diameter of SeNPs exposed 
to the pathogens can be refer at Table 1. The average inhibition zone of the SeNPs against S. aureus 
was 11.01 mm. 

 

 
 

 
Fig. 5. Inhibition zone of a) S. aureus b) E. coli against SeNPs 
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Table 1 
Inhibition zone of SeNPs against S. aureus and E. coli 
Inhibition zone (mm) 1 2 3 Average 

Staphylococcus aureus 11.01 10.91 11.11 11.01 
Escherichia coli N/A N/A N/A N/A 

 
4. Conclusions 
 

In conclusion, SeNPs were successfully synthesized by C. longa L. extract as reducing agent 
despite the challenge of this precursor uncommonly used for SeNPs synthesis. The synthesis of SeNPs 
with NaHSeO3 precursor success attributed to the C. longa L. extract with conventional microwave 
assisted method which has never been reported in any literature before. The SeNPs mediated from 
C. longa L. extract possessed surface plasmon resonance by presence of peak in UV absorbance at 
265 nm. The size and morphology of the SeNPs were investigated by FESEM shows that the average 
size of the particles synthesized was between 129 and 167 nm. The investigation on chemical 
composition of the SeNPs shows that the presence of phenolic compound in the plant extract acted 
as reducing agent in nanoparticles synthesis. The obtained SeNPs were proven to have mild 
antibacterial activity and potentially non-toxic towards biological cells. Therefore, this synthesized 
SeNPs has potential to be utilized further for other biological applications. 
 
Acknowledgement 
This research was funded by a grant from UTM Fundamental Research (UTM FR) 
Q.K130000.3843.22H15 and Malaysia-Japan International Institute of Technology, Universiti 
Teknologi Malaysia (MJIIT) for research facility. 
 
References  
[1] Liu, Qiuyue, Jiahui Zou, Zhongjian Chen, Wei He, and Wei Wu. "Current research trends of nanomedicines." Acta 

Pharmaceutica Sinica B 13, no. 11 (2023): 4391-4416. https://doi.org/10.1016/j.apsb.2023.05.018  
[2] Mondal, Suresh K., Sourav Chakraborty, Sounik Manna, and Santi M. Mandal. "Antimicrobial nanoparticles: current 

landscape and future challenges." RSC Pharmaceutics 1, no. 3 (2024): 388-402. 
https://doi.org/10.1039/D4PM00032C  

[3] Mehta, Tejal, Dhaivat Parikh, Kartik Hariharan, Namdev Dhas, and Viral Patel. "Toxicity of Metallic Nanoparticles: A 
Pressing Issue." Nanotechnology in Medicine: Toxicity and Safety (2021): 109-136. 
https://doi.org/10.1002/9781119769897.ch5  

[4] Xuan, Lihui, Zhao Ju, Magdalena Skonieczna, Ping‐Kun Zhou, and Ruixue Huang. "Nanoparticles‐induced potential 
toxicity on human health: applications, toxicity mechanisms, and evaluation models." MedComm 4, no. 4 (2023): 
e327. https://doi.org/https://doi.org/10.1002/mco2.327  

[5] Sharma, Nitin, Balak Das Kurmi, Dilpreet Singh, Sidharth Mehan, Kushagra Khanna, Ritu Karwasra, Shobhit Kumar 
et al. "Nanoparticles toxicity: an overview of its mechanism and plausible mitigation strategies." Journal of drug 
targeting 32, no. 5 (2024): 457-469. https://doi.org/10.1080/1061186X.2024.2316785 

[6] Bisht, Neha, Priyanka Phalswal, and Pawan K. Khanna. "Selenium nanoparticles: A review on synthesis and 
biomedical applications." Materials Advances 3, no. 3 (2022): 1415-1431. https://doi.org/10.1039/D1MA00639H  

[7] Bhattacharjee, Arin, Abhishek Basu, and Sudin Bhattacharya. "Selenium nanoparticles are less toxic than inorganic 
and organic selenium to mice in vivo." The Nucleus 62 (2019): 259-268. https://doi.org/10.1007/s13237-019-
00303-1 

[8] Sharifi-Rad, Javad, Youssef El Rayess, Alain Abi Rizk, Carmen Sadaka, Raviella Zgheib, Wissam Zam, Simona Sestito 
et al. "Turmeric and its major compound curcumin on health: bioactive effects and safety profiles for food, 
pharmaceutical, biotechnological and medicinal applications." Frontiers in pharmacology 11 (2020): 550909. 
https://doi.org/10.3389/fphar.2020.01021  

[9] Alsammarraie, Fouad K., Wei Wang, Peng Zhou, Azlin Mustapha, and Mengshi Lin. "Green synthesis of silver 
nanoparticles using turmeric extracts and investigation of their antibacterial activities." Colloids and Surfaces B: 
Biointerfaces 171 (2018): 398-405. https://doi.org/10.1016/j.colsurfb.2018.07.059  

https://doi.org/10.1016/j.apsb.2023.05.018
https://doi.org/10.1039/D4PM00032C
https://doi.org/10.1002/9781119769897.ch5
https://doi.org/https:/doi.org/10.1002/mco2.327
https://doi.org/10.1080/1061186X.2024.2316785
https://doi.org/10.1039/D1MA00639H
https://doi.org/10.1007/s13237-019-00303-1
https://doi.org/10.1007/s13237-019-00303-1
https://doi.org/10.3389/fphar.2020.01021
https://doi.org/10.1016/j.colsurfb.2018.07.059


Journal of Advanced Research in Micro and Nano Engineering 

Volume 36, Issue 1 (2025) 81-89 

89 
 

[10] Hettiarachchi, Sandhuli S., Shashiprabha P. Dunuweera, Asiri N. Dunuweera, and RM Gamini Rajapakse. "Synthesis 
of curcumin nanoparticles from raw turmeric rhizome." ACS omega 6, no. 12 (2021): 8246-8252. 
https://doi.org/10.1021/acsomega.0c06314 

[11] Alshammari, Basmah H., Maha MA Lashin, Muhammad Adil Mahmood, Fahad S. Al-Mubaddel, Nasir Ilyas, Nasir 
Rahman, Mohammad Sohail, Aurangzeb Khan, Sherzod Shukhratovich Abdullaev, and Rajwali Khan. "Organic and 
inorganic nanomaterials: fabrication, properties and applications." RSC advances 13, no. 20 (2023): 13735-13785. 
https://doi.org/10.1039/D3RA01421E  

[12] Mokhtar, Mohamad Aizad Mohd, Roshafima Rasit Ali, Eleen Dayana Mohamed Isa, Zhongfang Lei, and Didik 
Prasetyoko. "Silver nanoparticles loaded activated carbon synthesis using clitorea ternatea extract for crystal violet 
dye removal." Journal of Research in Nanoscience and Nanotechnology 3, no. 1 (2021): 26-36. 
https://doi.org/10.37934/jrnn.3.1.2636 

[13] Tarmizi, Z. I., N. I. Arifin, R. Rasit Ali, K. Shameli, J. C. Zhe, and M. S. N. Salleh. "Preparation and characterization of 
polysaccharide mediated copper nanoparticle: The effect of time-varying exposure." In IOP Conference Series: 
Materials Science and Engineering, vol. 1051, no. 1, p. 012096. IOP Publishing, 2021. https://doi.org/10.1088/1757-
899X/1051/1/012096 

[14] Chan, J. Z., R. Rasit Ali, K. Shameli, Z. I. Tarmizi, and M. S. N. Salleh. "Biosynthesis of Gold Nanoparticles: A Simple 
Method of Size Controlled using Clitoria Ternatea Flower Extract." In IOP Conference Series: Materials Science and 
Engineering, vol. 1051, no. 1, p. 012090. IOP Publishing, 2021. https://doi.org/10.1088/1757-899X/1051/1/012090 

[15] John, Clera Peter, Roshafima Rasit Ali, Kamyar Shameli, Zatil Izzah Tarmizi, Mohd Shahrul Nizam Salleh, and Justin 
Chan Zhe. "Formulation of Titanium Dioxide Nanoparticles Using Sol-gel Technique." Journal of Research in 
Nanoscience and Nanotechnology 4, no. 1 (2021): 35-48. https://doi.org/10.37934/jrnn.4.1.3548 

[16] dos Santos Souza, Lucas Marcelino, Miriam Dibo, Juan Josue Puño Sarmiento, Amedea Barozzi Seabra, Leonardo 
Pinto Medeiros, Isabella Martins Lourenço, Renata Katsuko Takayama Kobayashi, and Gerson Nakazato. 
"Biosynthesis of selenium nanoparticles using combinations of plant extracts and their antibacterial 
activity." Current Research in Green and Sustainable Chemistry 5 (2022): 100303. 
https://doi.org/10.1016/j.crgsc.2022.100303 

[17] Mellinas, Cristina, Alfonso Jiménez, and María del Carmen Garrigós. "Microwave-Assisted Green Synthesis and 
Antioxidant Activity of Selenium Nanoparticles Using Theobroma Cacao L. Bean Shell Extract." Molecules 24, no. 22 
(2019): 4048. https://www.mdpi.com/1420-3049/24/22/4048 

[18] Khiralla, Ghada M., and Bahig A. El-Deeb. "Antimicrobial and antibiofilm effects of selenium nanoparticles on some 
foodborne pathogens." LWT-Food Science and Technology 63, no. 2 (2015): 1001-1007. 
https://doi.org/10.1016/j.lwt.2015.03.086 

[19] Kokila, Karuppannan, Nagaraj Elavarasan, and Venugopal Sujatha. "Diospyros montana leaf extract-mediated 
synthesis of selenium nanoparticles and their biological applications." New Journal of Chemistry 41, no. 15 (2017): 
7481-7490. https://doi.org/10.1039/C7NJ01124E 

[20] Shubharani, R., M. Mahesh, and V. Yogananda Murthy. "Biosynthesis and characterization, antioxidant and 
antimicrobial activities of selenium nanoparticles from ethanol extract of Bee Propolis." J. Nanomed. 
Nanotechnol 10, no. 2 (2019). https://doi.org/10.4172/2157-7439.1000522 

[21] Vahdati, Mahsa, and Tahereh Tohidi Moghadam. "Synthesis and characterization of selenium nanoparticles-
lysozyme nanohybrid system with synergistic antibacterial properties." Scientific reports 10, no. 1 (2020): 510. 
https://doi.org/10.1038/s41598-019-57333-7 

[22] Mulla, Nayeem A., Sachin V. Otari, Raghvendra A. Bohara, Hemraj M. Yadav, and Shivaji H. Pawar. "Rapid and size-
controlled biosynthesis of cytocompatible selenium nanoparticles by Azadirachta indica leaves extract for 
antibacterial activity." Materials Letters 264 (2020): 127353. https://doi.org/10.1016/j.matlet.2020.127353 

[23] Mohamed Radzi, Afifah Mardhiah, Zatil Izzah Ahmad Tarmizi, Nur Anis Afifah Abdul Ghafar, Siti Husna Mohd Talib, 
and Eleen Dayana Mohamed Isa. "Green Synthesis of Selenium Nanoparticles and Its Electrochemical Properties." 
E3S Web of Conferences 516 (2024): 02006. https://doi.org/10.1051/e3sconf/202451602006. 
https://doi.org/10.1051/e3sconf/202451602006 

[24] Yan, Liang, Zhanjun Gu, and Yuliang Zhao. "Chemical mechanisms of the toxicological properties of nanomaterials: 
generation of intracellular reactive oxygen species." Chemistry–An Asian Journal 8, no. 10 (2013): 2342-2353. 
https://doi.org/10.1002/asia.201300542 

https://doi.org/10.1021/acsomega.0c06314
https://doi.org/10.1039/D3RA01421E
https://doi.org/10.37934/jrnn.3.1.2636
https://doi.org/10.1088/1757-899X/1051/1/012096
https://doi.org/10.1088/1757-899X/1051/1/012096
https://doi.org/10.1088/1757-899X/1051/1/012090
https://doi.org/10.37934/jrnn.4.1.3548
https://doi.org/10.1016/j.crgsc.2022.100303
https://www.mdpi.com/1420-3049/24/22/4048
https://doi.org/10.1016/j.lwt.2015.03.086
https://doi.org/10.1039/C7NJ01124E
https://doi.org/10.4172/2157-7439.1000522
https://doi.org/10.1038/s41598-019-57333-7
https://doi.org/10.1016/j.matlet.2020.127353
https://doi.org/10.1051/e3sconf/202451602006
https://doi.org/10.1051/e3sconf/202451602006
https://doi.org/10.1002/asia.201300542

