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Abstract:  
Selenium nanoparticles (SeNPs) have attracted a great deal of attention in distinctive fields such as anticancer, 

antioxidant, catalysis, photocopiers, rectifiers, solar cells, and xerography. This has ameliorated an immense 

development of different synthetic pathways for SeNPs production. Preparation of SeNPs depends largely on 

the known chemical and physical methods that involved noxious chemicals and harsh reaction conditions which 

have been identified as a major disadvantage and potential threats to environment, health and its usage. 

Alternatively, biogenic synthesis has gained popularity as it is eco-benign, cheap, clean, and safe, generating 

minimal waste. In this review, we summarized recent literature on green synthesis of the SeNPs using various 

plants and plant parts which have revolutionized technique of fabrication for their applications in various fields. 

Due to the biocompatibility of the SeNPs, it has found its stupendous applications in biomedical field. The 

protocol, characterization techniques and biosynthesis of SeNPs along with various recent applications were 

also discussed. 
 DOI: 10.33945/SAMI/JCR.2020.3.3 
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1. Introduction 

Nowadays, nanotechnology is an immensely 

ameliorating multidisciplinary field due to its wide 

range of applications in different domains of science 

and technology. Due to implicitly new or proliferated 

features/properties of NPs, their eclectic applications 

are growing swiftly on several fronts including, 

biomedical, transportations, biosensors, 

pharmaceuticals, automobiles, catalysis, drug delivery, 

food technology health care, agriculture, antimicrobial, 
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and water purification [1-24]. Among the all noble 

metal NPs, SeNPs has attracted numerous research 

interests due to its nutritional supplementation value 

and low toxicity. However, selenium exists in various 

oxidation states like 0, +2, +4, +6 and -2. Therewithal, 

selenium can be present in Nature showing various 

polymorphic structures, either amorphous or 

crystalline. The most important non-crystalline forms 

of selenium are the black amorphous, red amorphous 

and vitreous selenium [25]. The crystalline forms 

include three allotropes of monoclinic selenium 

containing rings of Se8 with different packing to give 

red monoclinic forms (α, β and γ). Black trigonal 

crystalline form of selenium is the most stable at room 

temperature [26]. Hence, SeNPs finds immense 

applications (Figure 1) in areas such as biosensor [27], 

photocatalyst [28], solar cell [29], semiconductor [30], 

electronics, catalysis and sensing [31], water treatment 

[32], rectifier, photocopier and xerography [33]. In 

addition, SeNPs have anticancer [34], antioxidant [35], 

antibacterial [36], antibiofilm and antileishmanial [37], 

antifungal [38], wound healing, antiviral [39], 

antiproliferative [40] antihepatocarcinoma [41], 

antitumor [42], anti-inflammatory [43] and antidiabetic 

[44] due to their superior biomedical and therapeutic 

applications [45].  

Heretofore, several physical and chemical techniques 

have been applied for the synthesis of SeNPs. Table 1 

summarizes these synthetic routes of SeNPs. 

Nevertheless, some of them involve complicated, 

expensive, tedious and non-sustainable, time-

consuming protocols. To overcome on these 

drawbacks, “green nanotechnology” plays an 

overriding role in the synthesis of SeNPs. However, 

SeNPs fabrication through “green approach” is a safe 

and non-noxious procedure that different natural 

sources such as enzymes, bacteria, fungi and plants can 

be utilized. Therewithal, the use of plant parts extracts 

reduces the expensive cost of microorganism’s 

isolation. Therefore, plant extract mediated NPs 

syntheses have become predominant due to the cheap, 

simplicity, swift synthesis, high yield and free of from 

perilous chemicals [3-4]. Moreover, plant extract 

mediated NPs generates a better methodology for 

SeNPs synthesis as they provide herbal capping and 

reducing/stabilizing agents. Furthermore, bioactive 

constituents present in plant extracts such as 

flavonoids, alkaloids, phenols, saponins, 

carbohydrates, proteins, quinine, glycosides, tannins 

and steroids can facilitate the procurable biosynthesis 

of SeNPs in a single-step process [5-6].  

The main goal of the present review was to focus on the 

current knowledge concerning the capability of plant 

materials for biogenic synthesis of SeNPs and presents 

a database that future researchers may be based on the 

eco-benign synthesis of SeNPs using plants material 

sources. 

 
Figure 1. Various applications of SeNPs. 

Table 1. Various methods for synthesis of SeNPs. 

Entry Name of the Synthetic Process Reference 

1 Pulsed laser ablation [46] 

2 Ionic liquid induced [47] 

3 Sol gel [48] 

4 Microwave [49] 

5 Hydrothermal [50] 

6 Solvothermal [51] 

7 Sonochemical [52] 

8 Vapor phase deposition [53] 

9 Solution phase approach [54] 

10 Electro kinetic technique [55] 

11 Radiolysis reduction [56] 

 

2. Eco-benign Synthesis of SeNPs 

Day by day, green synthesis of noble metal NPs has 

been an imperative research area in the branch of green 

nanotechnology. The effective outcome of the green 

synthesis (Figure 2) over known chemical and physical 

methods is: cheap, sustainable, eco-benevolent, 

procurable, one pot and clean synthesis, moreover there 

is no need to use high amount of temperature, cost, 

energy, space and hazard associated with mephitic 

chemicals [1, 4-5]. 

 
Figure 2. Importance of green synthesis of metal oxide nanoparticles. 
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Using plant material for bio-fabrication of SeNPs has 

received an apt deal of attention due to its 

environmentally safe, cheap, swift, non-noxious, and 

procurable methodology which provides a concerted 

and single step technique for biogenic synthesis of 

SeNPs [3-4]. The green synthesis approach via plant 

extract involves many secondary metabolites such as 

flavonoids, alkaloids, phenols, saponins, 

carbohydrates, proteins, quinine, glycosides, tannins 

and steroids as natural reducers and/or stabilizers [5-6]. 

Some plants are already reported to facilitate SeNPs 

(Table 2). Several parts of plant such as buds, leaves, 

nuts, peel, fruit, seed and pulp can be used for synthesis 

of SeNPs with different morphologies and sizes by 

biological approaches. The aqua soluble chemical 

components are mainly responsible for creation and 

stabilization of SeNPs. Thereafter, the fabricated 

SeNPs need to be characterized using numerous known 

techniques. 

Table 2. Green synthesis of SeNPs using different plant source with morphology and size. 

] 

 

Entry Name of Plants Part Shape Size (nm) References 

1  Allium Sativum - Spherical 40-110  [57] 

2  Allium Sativum Buds - 7-45  [58] 

3  Allium Sativum - Spherical 24.57  [59] 

4  Allium Sativum Buds Spherical 8-52  [60] 

5  Alov vera Leaves Spherical 9-58  [61] 

6  Alov vera Leaves Spherical 50  [62] 

7  Asteriscus graveolens Leave Spherical 20  [63] 

8  Broccoli - - 50-150  [64] 

9  Catharanthus roseus Flowers Spherical 32.02  [65] 

10  Peltophorum pterocarpum Flowers Spherical 40.2  [65] 

11  Citrus recticulata Peel Spherical 70  [66] 

12  Clausena dentate Leaves Spherical 46.32  [67] 

13  Diospyros Montana Leaves Spherical 4- 16  [68] 

14  Embilica officinalis Fruits Spherical 15-40  [69] 

15  Fenugreek Seeds Oval 50 -150  [70] 

16  Ficus benghalensis Leaves Spherical 20-140  [71] 

17  Garlic Pulp Spherical 48-87  [72] 

18  Hawthorn Fruits Spherical 113  [73] 

19  Leucas lavandulifolia Leaves Spherical 56-75  [74] 

20  Moringa oleifera Leaves Spherical 18.85  [75] 

21  Orthosiphon stamineus Leaves Ball 88-141  [76] 

22  Pelargonium zonale Leaves Spherical 40-60  [77] 

23  Petroselinum crispum Leaves Spherical 50-100  [78] 

24  Psidium guajava Leaves Spherical 8-20  [79] 

25  Spermacoce hispida Leaves Spherical 46.8  [80] 

26  Spermacoce hispida Leaves Rod 120±15  [81] 

27  Tea extract Leaves Spherical 83-160  [82] 

28  Theobroma cacao Seeds Spherical 1-3  [83] 

29  Vitis vinifera Fruits Spherical 3-18  [84] 

30  Withania somnifera Leaves Spherical 40-90  [85] 

31  Prunus amygdalus Nuts Irregular 150-330  [86] 

32  Azadirechta indica Leaves Spherical 153-278  [87] 

33  Zingiber officinale Fruits Spherical 100-150  [88] 

34  Lemon Fruits Rod 90-100  [89] 

35  Oscimum tenuiflorum Leaf  Spherical 15-20  [90] 
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3. Protocol for Green Synthesis of SeNPs 

In plant extract mediated method of SeNPs production 

using different plant parts such as leafs, buds, nuts, 

flowers, fruits and seeds are washed with distilled 

water, chopped into small pieces and boiled in distilled 

water to obtained aqueous extract. The aqueous plant 

extract can further be purified by various methods such 

as centrifugation and filtration. Different ratio of the 

selenium salts, selenium oxides, selenium acids, 

amorphous selenium and plant extract at different 

temperature and pH can be used for synthesis of SeNPs. 

The plant extract is simply mixed with the different 

concentrations of selenium acids/oxides/salts solution 

at room temperature and their conversion into SeNPs 

take place within minutes in one pot, single step and 

eco-friendly method. There is no need to add external 

perilous stabilizing/capping agents, because 

phytochemicals itself acts as herbal reducing and/or 

stabilizing agents. The reaction mixture is further 

incubated to reduce the metal salt and visually 

monitored by color change. The detailed protocol of 

green synthesis of SeNPs by Ficus benghalensis leaves 

extract is described by authors reported in [71]. Finally, 

the NPs can be separated by centrifuging at high speed, 

wash thoroughly in solvent/water and collected for 

further use. 

4. Characterization Techniques for SeNPs 

Several well-known characterization techniques can be 

applied to SeNPs to elucidate their elemental 

composition, exact morphology, and other 

physicochemical properties. While a detailed 

discussion of such characterization techniques is 

beyond the scope of this review, a brief overview 

covering the most important and widely used well-

known techniques is warranted.  

 
Figure 3. Characterization techniques for NPs. 

Transmission electron microscopy (TEM) and 

scanning electron microscopy (SEM) are two major 

methods that can be used to determine the exact 

morphology and detailed structures of SeNPs. Swift 

progress in electron microscopy has resulted in the 

development of ancillary techniques such as high-

resolution transmission electron microscopy 

(HRTEM), energy-dispersive X-ray spectroscopy 

(EDS), elemental mapping, and scanning tunneling 

microscopy (STM). These methods have been 

routinely applied to characterize SeNPs not only in 

terms of their texture but also with respect to their 

elemental composition, their attachment to support the 

materials. X-ray diffraction (XRD) is another 

invaluable technique that enables elucidation of the 

size, crystallinity and structure of a SeNPs. This 

method has been used extensively to determine lattice 

parameters for SeNPs. Although, XPS (X-ray 

photoelectron spectroscopy) technique has also been 

used to determine the oxidation states and elemental 

composition of surfaces of SeNPs. In addition to the 

aforementioned characterization techniques, gas 

adsorption/desorption technique are often used to 

collect information about the specific surface areas of 

SeNPs and to determine their pore sizes and volumes. 

Such information is particularly useful for 

characterizing porous SeNPs, and for correlating their 

structure with their aspect of catalytic activity. 

5. Various Applications of Biogenically 

Synthesized Se NPs 

SeNPs have lots of stupendous applications in several 

fields of biomedical and therapeutic. However, the 

anticancer, photocatalytic, antioxidant and 

antimicrobial activities of the biogenically synthesized 

SeNPs are very prominent nowadays. Accordingly, we 

have described in detail their curative and eclectic 

applications as guidance to new researchers for future 

prospects (Table 3). 

Benelli et al. [57] stated that the SeNPs synthesized via 

green method using Allium sativum extract in aqueous 

medium exhibited appreciable cytotoxicity against 

vero cell line. Vyas et al. [58] reported the biosynthesis 

of SeNPs using the buds extract of Allium sativum and 

showed their pronounced antioxidant activity using 

DPPH, ABTS and FRAP assay. Thirunavukkarasu et 

al. [59] revealed the effective DNA targeted 

chemotherapy of green approach mediated SeNPs 

Allium sativum extract. Moreover, same author 

reported green synthesis of SeNPs using fenugreek 

seed extract and examine their cytotoxicity study 

against human breast cancer cell lines (MCF-7) [70]. 

Vyas et al. [60] reported the biogenic synthesis of 

SeNPs using Allium sativum buds extract and evaluate 

their antimicrobial activity against Staphylococcus 

aureus and Bacillus subtilis by using well diffusion 

method. Malmiri et al. reported the biosynthesis of 

SeNPs using Aloe vera leaf extract and also studied 

their antibacterial and antifungal activity. They showed 

that, SeNPs possess significant antibacterial activity 
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against the gram positive and gram negative bacteria 

such as Staphylococcus aureus, Escherchia coli and 

antifungal activity against Colletotrichum coccodes, 

Penicillium digitatum [62]. Zebaree et al. synthesized 

SeNPs using Asteriscus graveolens leaves extract and 

investigate cytotoxicity against HepG2 cells at IC50 3.8 

µg/mL [63]. Balakrishnaraja et al. [66] described peel 

extract of citrus reticulata mediated biosynthesis of 

SeNPs using effect of pH and temperature. They 

showed SeNPs could be possessing anti-algal activity. 

Shivakumar et al. reported biosynthesis of SeNPs using 

leaves extract of Clausena dentate and examined the 

larvicidal activity of the prepared NPs. These SeNPs 

exhibited high mortality with very low concentration 

(LC50) were 240.714 mg/L; 104.13 mg/L, and 99.602 

mg/L for Anopheles stephensi, Aedes aegypti, and 

Culex quinquefasciatus, respectively [67]. Sujatha et 

al. described biosynthesis of SeNPs using leaves 

extract of Diospyros Montana and they also examined 

the antioxidant, antimicrobial and anticancer activity of 

as-prepared NPs. These biosynthesized SeNPs showed 

potential antioxidant property using DPPH assay and 

exhibited significant antimicrobial activity against 

Staphylococcus aureus, Escherchia coli and 

Aspergillus niger. In addition, the synthesized SeNPs 

were able to inhibit the cell growth of human breast 

cancer cell lines (MCF-7) in a dose-dependent manner 

[68]. Dass et al. reported the biogenic synthesis of 

SeNPs using fruit extract of Embilica officinalis and 

evaluate their antioxidant performance using DPPH, 

ABTS assay and antimicrobial activity against 

foodborne pathogens including Escherichia coli, 

Listeria monocytogenes, Staphylococcus aureus, 

Enterococcus faecalis, Aspergillus brasiliensis, A. 

flavus, A. oryzae, A. ochraceus, Fusarium anthophilum 

and Rhizopus stolonifer [69]. Mittal et al. synthesized 

SeNPs using Ficus benghalensis leaves extract and 

reported for the photocatalytic activity. They 

demonstrated that, the photocatalytic degradation of 

methylene blue up to 57.63 % in 40 min by using 

SeNPs as a photocatalyst [71]. Li et al. [73] prepared 

the SeNPs using Hawthorn fruit extract as the 

stabilizer/reductant and reported their antitumor 

activity against HepG2 cells. Kirupagaran et al. [74] 

stated that the SeNPs synthesized via green approach 

using Leucas lavandulifolia leaves extract exhibited 

appreciable antibacterial activity against Streptococcus 

aureus, Staphylococcus epidremidies, Escherichia coli 

and Salmonella typhi. Hassanien et al. reported a green 

approach for SeNPs biosynthesis using Moringa 

Oleifera leaves extract without using any noxious 

substances and investigated their photocatalytic and 

anticancer activity. They showed that the 

photodegradation of sunset yellow using solar radiation 

was slightly higher than UV irradiation with 83.8 and 

76.6%, respectively in presence of SeNPs as a catalyst. 

In addition, the synthesized SeNPs showed potent 

anticancer activities against Caco-2 cells, HepG2 cells, 

and MCF-7 cells [75].  

Moreover, Sivakumar et al. [76] demonstrated the 

Orthosiphon stamineus leaves extract mediated SeNPs 

and were tested for cytotoxic effect against L6 rat 

skeletal muscle cell lines. Malmiri et al. reported 

biosynthesis of SeNPs using leaf extract Pelargonium 

zonale and analyzed the antibacterial and antifungal 

activity of the as-prepared nanoparticles. These SeNPs 

exhibited good antibacterial activity against pathogenic 

bacteria such as Escherichia coli, Staphylococcus 

aureus and antifungal activities against Colletotrichum 

coccodes and Penicillium digitatum [77]. Sardar et al. 

[79] described the Psidium guajava leaf extract 

mediated SeNPs and reported their antibacterial and 

cytotoxicity study. They showed good antibacterial 

activity against Escherichia coli, Staphylococcus 

aureus and significant cytotoxic activity against 

HepG2 and CHO cell lines. Thayumanavan et al. 

reported a green approach for SeNPs biosynthesis 

using Spermacoce hispada leaf extract without using 

any noxious substances and evaluated against 

acetaminophen induced liver and kidney injury in rat 

[80]. Vennila et al. described biosynthesis of SeNPs 

using leaves extract of Spermacoce hispada and they 

also examined the antioxidant, antibacterial, anti-

inflammatory and anticancer activity of as-prepared 

NPs. These biosynthesized SeNPs showed potential 

antioxidant property using DPPH, ABTS, FRAP assay 

and exhibited significant antibacterial activity against 

Staphylococcus aureus and Escherchia coli. In 

addition, the synthesized SeNPs were able to inhibit the 

cell growth of HeLa cancer cell lines and examine anti-

inflammatory activity using protein denaturation 

inhibition protocol [81]. Zhang et al. reported the 

biosynthesis of SeNPs using tea extract and examined 

antioxidant activity of SeNPs. These SeNPs exhibited 

better antioxidant activity using DPPH and ABTS free 

radical scavenging assay [82]. Moreover, Garrigós et 

al. described bio-fabrication of SeNPs using 

Theobroma cacao seed extract and investigated their 

excellent antioxidant properties using ABTS and FRAP 

methods [83]. Venugopal et al. described green 

synthesis of SeNPs using leaves extract of Withania 

somnifera and they also examined the antioxidant, 

antibacterial, anti-proliferative and photocatalytic 

activity of as-prepared NPs. These synthesized SeNPs 

possessed significant antioxidant property using DPPH 

radical scavenging assay and showed considerable 

antibacterial activity against Bacillus subtilis, 

Klebsiella pneumoniea and Staphylococcus aureus. In 

addition, the synthesized SeNPs showed great growth 

control against A549 cells. Furthermore, SeNPs 
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efficiently degraded methylene blue dye in the 

presence of sunlight [85]. 

Thereafter, Pawar et al. [86] reported the biosynthesis 

of SeNPs using Prunus amygdalus nuts extract and 

evaluate their antimicrobial activity against 

Staphylococcus aureus, Pseudomonas aeruginosa, 

Escherichia coli, Proteus vulgaris and Bacillus subtilis 

by using well diffusion and Kirby-Bauer disc methods. 

Pawar et al. described Azadirechta indica leaves 

extract mediated SeNPs and reported their antibacterial 

and cytotoxicity study. They showed promising 

antibacterial activity against Proteus vulgaris, 

Pseudomonas aeruginosa, Staphylococcus aureus, 

Bacillus cereus and moderate cytotoxic activity against 

L929 cell lines by MTT assay [87]. Shanmugan et al. 

reported the biogenic synthesis of SeNPs using fruit 

extract of Zingiber officinale and checked their 

antioxidant performance using DPPH assay and 

antimicrobial activity against selected pathogens 

including Escherichia coli, Klebsiella sp., 

Pseudomonas sp., Staphylococcus aureus and Proteus 

sp. The antibacterial efficacy of SeNPs was found to be 

significantly effective against Proteus sp. [88]. Sawant 

et al. [89] synthesized rod shaped SeNPs using Lemon 

fruit extract and reported for the development of H2O2 

sensor through naked eye cost effective spectrometric 

sensing method. 

 

Table 3. Various applications of SeNPs synthesized using different plant extracts. 

Entry Name of Plants Applications References 

1  Allium Sativum Cytotoxicity study [57] 

2  Allium Sativum Antioxidant activity [58] 

3  Allium Sativum DNA targeted chemotherapy [59] 

4  Allium Sativum Antimicrobial activity [60] 

5  Alov vera Antibacterial and antifungal activity [62] 

6  Asteriscus graveolens Cytotoxicity study [63] 

7  Citrus recticulata Anti-algal activity [66] 

8  Clausena dentate Larvicidal activity [67] 

9  Diospyros Montana Antioxidant, antimicrobial and anticancer activity [68] 

10  Embilica officinalis Antioxidant  and  antimicrobial activity [69] 

11  Fenugreek Cytotoxicity study [70] 

12  Ficus benghalensis Photocatalytic activity [71] 

13  Hawthorn Antitumor activity [73] 

14  Leucas lavandulifolia Antibacterial activity [74] 

15  Moringa oleifera Photocatalytic and anticancer activity [75] 

16  Orthosiphon stamineus Cytotoxicity study [76] 

17  Pelargonium zonale Antibacterial and antifungal activity [77] 

18  Psidium guajava Antibacterial and cytotoxicity study [79] 

19  Spermacoce hispida Cytotoxicity study [80] 

20  
Spermacoce hispida 

Antioxidant, antibacterial,  

anti-inflammatory and anticancer activity 

[81] 

21  Tea extract Antioxidant activity [82] 

22  Theobroma cacao Antioxidant activity [83] 

23  
Withania somnifera 

antioxidant, antibacterial, anti-proliferative and 

photocatalytic activity 

[85] 

24  Prunus amygdalus Antibacterial activity [86] 

25  Azadirechta indica Antibacterial and cytotoxicity study [87] 

26  Zingiber officinale Antimicrobial and antioxidant activity [88] 

27  Lemon H2O2 sensing [89] 
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4. Conclusion 

This review offered an overview of multifarious plant 

and plant parts used in the procurable synthesis of 

SeNPs for various stupendous applications such as 

anticancer, antioxidant, antibacterial, solar cell and 

photodegradation of dyes. The biogenic fabrication of 

SeNPs using plant extract is a swift, clean, cheap, eco-

benign, non-noxious, sustainable, and safe route that 

can be used for a variety of applications for the 

wellbeing of human beings. Role of solvents may also 

affect the efficiency in the extraction of phytochemical 

constituents and eventually affecting the final product 

of NPs. However, it can be concluded that, there is no 

universal extraction routes that is ideal and each 

extraction procedures is unique to the parts of plants. 

This review also discussed the future prospect of the 

biogenic synthesis of SeNPs and the various possible 

applications of the SeNPs. 

 

Acknowledgment 

The authors would like to appreciate Dr. R. S. Oza and 
Dr. S. S. Pansambal for their constant valuable 
guidance. 

Disclosure statement  

The authors declare that there are no conflicts of 
interest regarding the publication of this manuscript. 

References 
 

[1] Gawande, M. B., Goswami, A., Felpin, F. X., 

Asefa, T., Huang, X., Silva, R., ... & Varma, R. S. 

(2016). Cu and Cu-based nanoparticles: synthesis 

and applications in catalysis. Chemical 

reviews, 116(6), 3722-3811. 

[2] Ghosh Chaudhuri, R., & Paria, S. (2011). Core/shell 

nanoparticles: classes, properties, synthesis 

mechanisms, characterization, and 

applications. Chemical reviews, 112(4), 2373-2433. 

[3] Ghotekar, S. (2019). A review on plant extract 

mediated biogenic synthesis of CdO nanoparticles 

and their recent applications. Asian J. Green Chem. 

3(2), 187-200. 

[4] Pagar, T., Ghotekar, S., Pagar, K., Pansambal, S., 

Oza, R. (2019). A review on bio-synthesized Co3O4 

nanoparticles using plant extracts and their diverse 

applications. Journal of Chemical Reviews, 1(4), 

260-270. 

[5] Nikam, A., Pagar, T., Ghotekar, S., Pagar, K., 

Pansambal, S. (2019). A review on plant extract 

mediated green synthesis of zirconia nanoparticles 

and their miscellaneous applications. Journal of 

Chemical Reviews, 1(3), 154-163. 

[6] Ghotekar, S. (2019). Plant extract mediated 

biosynthesis of Al2O3 nanoparticles- a review on 

plant parts involved, characterization and 

applications. Nanochem Res. 4(2):163-169. 

[7] Ghotekar, S., Pansambal, S., Pawar, S. P., Pagar, T., 

Oza, R., Bangale, S. (2019). Biological activities of 

biogenically synthesized fluorescent silver 

nanoparticles using Acanthospermum hispidum 

leaves extract. SN Applied Sciences, 1(11), 1342. 

[8] Aher, Y. B., Jain, G. H., Patil, G. E., Savale, A. R., 

Ghotekar, S. K., Pore, D. M., Pansambal, S. S.,  & 

Deshmukh, K. K. (2017). Biosynthesis of copper 

oxide nanoparticles using leaves extract of 

Leucaena leucocephala L. and their promising 

upshot against diverse pathogens. International 

Journal of Molecular and Clinical 

Microbiology, 7(1), 776-786.  

[9] Pagar, K., Ghotekar, S., Pagar, T., Nikam, A., 

Pansambal, S., Oza, R., Sanap, D., Dabhane, H. 

(2020). Antifungal activity of biosynthesized CuO 

nanoparticles using leaves extract of Moringa 

oleifera and their structural characterizations. Asian 

Journal of Nanosciences and Materials, 3(1), 15-

23. 

[10] Kamble, D. R., Bangale, S. V., Ghotekar, S. K., 

Bamane, S. R. (2018). Efficient synthesis of CeVO4 

nanoparticles using combustion route and their 

antibacterial activity. J. Nanostruct. 8(2), 144-151. 

[11] Syedmoradi, L., Daneshpour, M., Alvandipour, 

M., Gomez, F. A., Hajghassem, H., & Omidfar, K. 

(2017). Point of care testing: The impact of 

nanotechnology. Biosensors and Bioelectronics, 87, 

373-387. 

[12] Ghotekar, S., Pansambal, S., Pagar, K., Pardeshi, 

O., Oza, R. (2018), Synthesis of CeVO4 

nanoparticles using sol-gel auto combustion method 

and their antifungal activity. Nanochem. Res. 3(2), 

189-196. 

[13] Savale, A., Ghotekar, S., Pansambal, S., Pardeshi, 

O. (2017), Green synthesis of fluorescent CdO 

nanoparticles using Leucaena leucocephala L. 

extract and their biological activities. J. Bacteriol. 

Mycol. Open Access. 5(5), 00148. 

[14] Gebre, S. H., & Sendeku, M. G. (2019). New 

frontiers in the biosynthesis of metal oxide 

nanoparticles and their environmental applications: 

an overview. SN Applied Sciences, 1(8), 928. 

[15] Ghotekar, S., Savale, A., Pansambal, S. (2018), 

Phytofabrication of fluorescent silver nanoparticles 

from Leucaena leucocephala L. leaves and their 

biological activities. J. Water Environ. 

Nanotechnol. 3(2), 95-105. 

[16] Ghotekar, S. K., Vaidya, P. S., Pande, S. N., 

Pawar, S. P. (2015), Synthesis of silver 

nanoparticles by using 3-methyl pyrazol 5-one 

(chemical reduction method) and its 



Journal of Chemical Reviews    Short Review 

page 165 of 168 

characterizations. Int. J. Multidis. Res. and Deve.  

2(5), 419-422. 

[17] Ghotekar, S. K., Pande, S. N., Pansambal, S. S., 

Sanap, D. S., Mahale, K. M., Sonawane, B. (2015), 

Biosynthesis of silver nanoparticles using unripe 

fruit extract of Annona reticulata L. and its 

characterization. World J. Pharm. and Pharm. Sci. 

4(11), 1304-1312. 

[18] Hoseinpour, V., & Ghaemi, N. (2018). Green 

synthesis of manganese nanoparticles: Applications 

and future perspective–A review. Journal of 

Photochemistry and Photobiology B: Biology, 189, 

234-243. 

[19] Pansambal, S., Deshmukh, K., Savale, A., 

Ghotekar, S., Pardeshi, O., Jain, G., Aher, Y., Pore 

D.  (2017), Phytosynthesis and biological activities 

of fluorescent CuO nanoparticles using 

Acanthospermum hispidum L. extract. J. 

Nanostruct. 7, 165-174. 

[20] Pansambal, S., Ghotekar, S., Shewale, S., 

Deshmukh, K., Barde, N., Bardapurkar, P. (2019). 

Efficient synthesis of magnetically separable 

CoFe2O4@SiO2 nanoparticles and its potent 

catalytic applications for the synthesis of 5-aryl-1, 

2, 4-triazolidine-3-thione derivatives. Journal of 

Water and Environmental Nanotechnology, 4(3), 

174-186. 

[21] Bangale, S., Ghotekar, S. (2019), Bio-fabrication 

of silver nanoparticles using Rosa chinensis L. 

extract for antibacterial activities. Int. J. Nano 

Dimens. 10(2), 217-224. 

[22] Rajeshkumar, S., & Naik, P. (2018). Synthesis and 

biomedical applications of cerium oxide 

nanoparticles–a review. Biotechnology Reports, 17, 

1-5. 

[23] Pansambal, S., Gavande, S., Ghotekar, S., Oza, R., 

Deshmukh, K. (2017). Green Synthesis of CuO 

Nanoparticles using Ziziphus Mauritiana L. Extract 

and Its Characterizations. Int. J. Sci. Res. in Sci. and 

Tech. 3, 1388-1392. 

[23] Pansambal, S., Ghotekar, S., Oza, R., Deshmukh, 

K. (2019), Biosynthesis of CuO nanoparticles using 

aqueous extract of Ziziphus mauritiana L. leaves 

and their catalytic performance for the 5-aryl-1,2,4-

triazolidine-3- thione derivatives synthesis. Int. J. 

Sci. Res. Sci. Tech., 5(4), 122-128. 

[25] Zhu, M., Niu, G., & Tang, J. (2019). Elemental Se: 

fundamentals and its optoelectronic 

applications. Journal of Materials Chemistry 

C, 7(8), 2199-2206. 

[26] Atkins, P., & Overton, T. (2010). Shriver and 

Atkins' inorganic chemistry. Oxford University 

Press, USA. 

[27] Dwivedi, S., AlKhedhairy, A. A., Ahamed, M., & 

Musarrat, J. (2013). Biomimetic synthesis of 

selenium nanospheres by bacterial strain JS-11 and 

its role as a biosensor for nanotoxicity assessment: 

a novel Se-bioassay. PloS one, 8(3). 

[28] Nath, S., Ghosh, S. K., Panigahi, S., Thundat, T., 

& Pal, T. (2004). Synthesis of selenium 

nanoparticle and its photocatalytic application for 

decolorization of methylene blue under UV 

irradiation. Langmuir, 20(18), 7880-7883. 

[29] Panahi-Kalamuei, M., Salavati-Niasari, M., & 

Hosseinpour-Mashkani, S. M. (2014). Facile 

microwave synthesis, characterization, and solar 

cell application of selenium nanoparticles. Journal 

of alloys and compounds, 617, 627-632. 

[30] Sinha, S., Kumar Chatterjee, S., Ghosh, J., & 

Kumar Meikap, A. (2013). Semiconducting 

selenium nanoparticles: Structural, electrical 

characterization, and formation of a back-to-back 

Schottky diode device. Journal of Applied 

Physics, 113(12), 123704. 

[31] Chaudhary, S., & Mehta, S. K. (2014). Selenium 

nanomaterials: applications in electronics, catalysis 

and sensors. Journal of nanoscience and 

nanotechnology, 14(2), 1658-1674. 

[32] Jain, R. (2014). Biogenic nanoparticles of 

elemental selenium: synthesis, characterization and 

relevance in wastewater treatment (Doctoral 

dissertation, Paris Est). 

[33] Husen, A., & Siddiqi, K. S. (2014). Plants and 

microbes assisted selenium nanoparticles: 

characterization and application. Journal of 

nanobiotechnology, 12(1), 28. 

[34] Liu, W., Li, X., Wong, Y. S., Zheng, W., Zhang, 

Y., Cao, W., & Chen, T. (2012). Selenium 

nanoparticles as a carrier of 5-fluorouracil to 

achieve anticancer synergism. ACS nano, 6(8), 

6578-6591. 

[35] Torres, S. K., Campos, V. L., León, C. G., 

Rodríguez-Llamazares, S. M., Rojas, S. M., 

Gonzalez, M., ... & Mondaca, M. A. (2012). 

Biosynthesis of selenium nanoparticles by Pantoea 

agglomerans and their antioxidant activity. Journal 

of Nanoparticle Research, 14(11), 1236. 

[36] Shoeibi, S., & Mashreghi, M. (2017). Biosynthesis 

of selenium nanoparticles using Enterococcus 

faecalis and evaluation of their antibacterial 

activities. Journal of Trace Elements in Medicine 

and Biology, 39, 135-139. 

[37] Ghosh, S., Jagtap, S., More, P., Shete, U. J., 

Maheshwari, N. O., Rao, S. J., ... & Pal, J. K. (2015). 

Dioscorea bulbifera mediated synthesis of novel 

AucoreAgshell nanoparticles with potent 

antibiofilm and antileishmanial activity. Journal of 

Nanomaterials, 2015. 

[38] Kazempour, Z. B., Yazdi, M. H., Rafii, F., & 

Shahverdi, A. R. (2013). Sub-inhibitory 

concentration of biogenic selenium nanoparticles 

lacks post antifungal effect for Aspergillus niger 



Journal of Chemical Reviews    Short Review 

page 166 of 168 

and Candida albicans and stimulates the growth of 

Aspergillus niger. Iranian journal of 

microbiology, 5(1), 81. 

[39] Ramya, S., Shanmugasundaram, T., & 

Balagurunathan, R. (2015). Biomedical potential of 

actinobacterially synthesized selenium 

nanoparticles with special reference to anti-biofilm, 

anti-oxidant, wound healing, cytotoxic and anti-

viral activities. Journal of Trace Elements in 

Medicine and Biology, 32, 30-39. 

[40] Srivastava, P., Braganca, J. M., & Kowshik, M. 

(2014). In vivo synthesis of selenium nanoparticles 

by Halococcus salifodinae BK18 and their anti‐
proliferative properties against HeLa cell 

line. Biotechnology progress, 30(6), 1480-1487. 

[41] Xia, Y., You, P., Xu, F., Liu, J., & Xing, F. (2015). 

Novel functionalized selenium nanoparticles for 

enhanced anti-hepatocarcinoma activity in 

vitro. Nanoscale research letters, 10(1), 1-14. 

[42] Kumar, S., Tomar, M. S., & Acharya, A. (2015). 

Carboxylic group-induced synthesis and 

characterization of selenium nanoparticles and its 

anti-tumor potential on Dalton's lymphoma 

cells. Colloids and Surfaces B: Biointerfaces, 126, 

546-552. 

[43] El-Ghazaly, M. A., Fadel, N., Rashed, E., El-

Batal, A., & Kenawy, S. A. (2017). Anti-

inflammatory effect of selenium nanoparticles on 

the inflammation induced in irradiated 

rats. Canadian journal of physiology and 

pharmacology, 95(2), 101-110. 

[44] Zhao, S. J., Wang, D. H., Li, Y. W., Han, L., Xiao, 

X., Ma, M., ... & Ma, Y. (2017). A novel selective 

VPAC2 agonist peptide-conjugated chitosan 

modified selenium nanoparticles with enhanced 

anti-type 2 diabetes synergy effects. International 

journal of nanomedicine, 12, 2143. 

[45] Khurana, A., Tekula, S., Saifi, M. A., Venkatesh, 

P., & Godugu, C. (2019). Therapeutic applications 

of selenium nanoparticles. Biomedicine & 

Pharmacotherapy, 111, 802-812. 

[46] Quintana, M., Haro-Poniatowski, E., Morales, J., 

& Batina, N. (2002). Synthesis of selenium 

nanoparticles by pulsed laser ablation. Applied 

surface science, 195(1-4), 175-186. 

[47] Langi, B., Shah, C., Singh, K., Chaskar, A., 

Kumar, M., & Bajaj, P. N. (2010). Ionic liquid-

induced synthesis of selenium 

nanoparticles. Materials Research Bulletin, 45(6), 

668-671. 

[48] Bai, Y., Qin, B., Zhou, Y., Wang, Y., Wang, Z., & 

Zheng, W. (2011). Preparation and antioxidant 

capacity of element selenium nanoparticles sol–gel 

compounds. Journal of nanoscience and 

nanotechnology, 11(6), 5012-5017. 

[49] Panahi-Kalamuei, M., Salavati-Niasari, M., & 

Hosseinpour-Mashkani, S. M. (2014). Facile 

microwave synthesis, characterization, and solar 

cell application of selenium nanoparticles. Journal 

of alloys and compounds, 617, 627-632. 

[50] Chen, Y. T., Zhang, W., Fan, Y. Q., Xu, X. Q., & 

Zhang, Z. X. (2006). Hydrothermal preparation of 

selenium nanorods. Materials chemistry and 

physics, 98(2-3), 191-194. 

[51] Ahmad, M. (2016). Solvothermal synthesis of 

selenium nano and microspheres deposited on 

silicon surface by microwave-assisted 

method. Materials Research Express, 3(10), 

105031. 

[52] Panahi-Kalamuei, M., Mousavi-Kamazani, M., 

Salavati-Niasari, M., & Hosseinpour-Mashkani, S. 

M. (2015). A simple sonochemical approach for 

synthesis of selenium nanostructures and 

investigation of its light harvesting 

application. Ultrasonics sonochemistry, 23, 246-

256. 

[53] Filippo, E., Manno, D., & Serra, A. (2010). 

Characterization and growth mechanism of 

selenium microtubes synthesized by a vapor phase 

deposition route. Crystal growth & design, 10(11), 

4890-4897. 

[54] Gates, B., Mayers, B., Cattle, B., & Xia, Y. (2002). 

Synthesis and characterization of uniform 

nanowires of trigonal selenium. Advanced 

Functional Materials, 12(3), 219-227. 

[55] Wang, M. C., Zhang, X., Majidi, E., Nedelec, K., 

& Gates, B. D. (2010). Electrokinetic assembly of 

selenium and silver nanowires into macroscopic 

fibers. ACS nano, 4(5), 2607-2614. 

[56] Zhu, Y., Qian, Y., Huang, H., & Zhang, M. (1996). 

Preparation of nanometer-size selenium powders of 

uniform particle size by γ-irradiation. Materials 

Letters, 28(1-3), 119-122. 

[57] Anu, K., Singaravelu, G., Murugan, K., & Benelli, 

G. (2017). Green-synthesis of selenium 

nanoparticles using garlic cloves (Allium sativum): 

biophysical characterization and cytotoxicity on 

vero cells. Journal of Cluster Science, 28(1), 551-

563. 

[58] Vyas, J., & Rana, S. (2017). Antioxidant activity 

and green synthesis of selenium nanoparticles using 

allium sativum extract. Int. J. Phytomedicine, 9, 

634. 

[59] Ezhuthupurakkal, P. B., Polaki, L. R., Suyavaran, 

A., Subastri, A., Sujatha, V., & Thirunavukkarasu, 

C. (2017). Selenium nanoparticles synthesized in 

aqueous extract of Allium sativum perturbs the 

structural integrity of Calf thymus DNA through 

intercalation and groove binding. Materials Science 

and Engineering: C, 74, 597-608. 



Journal of Chemical Reviews    Short Review 

page 167 of 168 

[60] Rana, J. V. S. (2018). Synthesis of selenium 

nanoparticles using Allium sativum extract and 

analysis of their antimicrobial property against 

gram positive bacteria. 

[61] Vyas, J., & Rana, S. H. A. F. K. A. T. (2017). 

Antioxidant activity and biogenic synthesis of 

selenium nanoparticles using the leaf extract of aloe 

vera. Int. J. Curr. Pharm. Res, 9, 147-152. 

[62] Fardsadegh, B., & Jafarizadeh-Malmiri, H. (2019). 

Aloe vera leaf extract mediated green synthesis of 

selenium nanoparticles and assessment of their in 

vitro antimicrobial activity against spoilage fungi 

and pathogenic bacteria strains. Green Processing 

and Synthesis, 8(1), 399-407. 

[63] Zeebaree, S. Y. S., Zeebaree, A. Y. S., & Zebari, 

O. I. H. (2020). Diagnosis of the multiple effect of 

selenium nanoparticles decorated by Asteriscus 

graveolens components in inhibiting HepG2 cell 

proliferation. Sustainable Chemistry and 

Pharmacy, 15, 100210. 

[64] Kapur, M., Soni, K., & Kohli, K. (2017). Green 

synthesis of selenium nanoparticles from broccoli, 

characterization, application and toxicity. Adv. 

Tech. Biol. Med, 5(1), 2379-1764. 

[65] Deepa, B., & Ganesan, V. (2015). 

Bioinspiredsynthesis of selenium nanoparticles 

using flowers of Catharanthus roseus (L.) G. Don. 

and Peltophorum pterocarpum (DC.) Backer ex 

Heyne–a comparison. Int J Chem Technol Res, 7, 

725-733. 

[66] Sasidharan, S., Sowmiya, R., & Balakrishnaraja, 

R. (2014). Biosynthesis of selenium nanoparticles 

using citrus reticulata peel extract. World J. Pharm. 

Res, 4, 1322-1330. 

[67] Sowndarya, P., Ramkumar, G., & Shivakumar, M. 

S. (2017). Green synthesis of selenium 

nanoparticles conjugated Clausena dentata plant 

leaf extract and their insecticidal potential against 

mosquito vectors. Artificial cells, nanomedicine, 

and biotechnology, 45(8), 1490-1495. 

[68] Kokila, K., Elavarasan, N., & Sujatha, V. (2017). 

Diospyros montana leaf extract-mediated synthesis 

of selenium nanoparticles and their biological 

applications. New Journal of Chemistry, 41(15), 

7481-7490 

[69] Lokanadhan, G., Dass, R. S., & Kalagatur, N. K. 

(2019). Phytofabrication of selenium nanoparticles 

from Emblica officinalis fruit extract and exploring 

its biopotential applications: antioxidant, 

antimicrobial, and biocompatibility. Frontiers in 

microbiology, 10, 931. 

[70] Ramamurthy, C. H., Sampath, K. S., Arunkumar, 

P., Kumar, M. S., Sujatha, V., Premkumar, K., & 

Thirunavukkarasu, C. (2013). Green synthesis and 

characterization of selenium nanoparticles and its 

augmented cytotoxicity with doxorubicin on cancer 

cells. Bioprocess and biosystems 

engineering, 36(8), 1131-1139. 

[71] Tripathi, R. M., Hameed, P., Rao, R. P., 

Shrivastava, N., Mittal, J., & Mohapatra, S. (2020). 

Biosynthesis of Highly Stable Fluorescent Selenium 

Nanoparticles and the Evaluation of Their 

Photocatalytic Degradation of 

Dye. BioNanoScience, 1-8. 

[72] Satgurunathan, T., Bhavan, P. S., & Komathi, S. 

(2017). Green synthesis of selenium nanoparticles 

from sodium selenite using garlic extract and its 

enrichment on Artemia nauplii to feed the 

freshwater prawn Macrobrachium rosenbergii post-

larvae. Res J Chem Environ, 21, 1-12. 

[73] Cui, D., Liang, T., Sun, L., Meng, L., Yang, C., 

Wang, L., ... & Li, Q. (2018). Green synthesis of 

selenium nanoparticles with extract of hawthorn 

fruit induced HepG2 cells 

apoptosis. Pharmaceutical biology, 56(1), 528-534. 

[74] Kirupagaran, R., Saritha, A., & Bhuvaneswari, S. 

(2016). Green synthesis of selenium nanoparticles 

from leaf and stem extract of leucas lavandulifolia 

sm. and their application. Journal of Nanoscience 

and Technology, 224-226. 

[75] Hassanien, R., Abed‐Elmageed, A. A., & Husein, 

D. Z. (2019). Eco‐Friendly Approach to Synthesize 

Selenium Nanoparticles: Photocatalytic 

Degradation of Sunset Yellow Azo Dye and 

Anticancer Activity. ChemistrySelect, 4(31), 9018-

9026. 

[76] Sivakumar, C., & Jeganathan, K. (2018). In-vitro 

cytotoxicity of java tea mediated selenium 

nanoballs against L6 cell lines. Journal of Drug 

Delivery and Therapeutics, 8(6), 195-200. 

[77] Fardsadegh, B., Vaghari, H., Mohammad-Jafari, 

R., Najian, Y., & Jafarizadeh-Malmiri, H. (2019). 

Biosynthesis, characterization and antimicrobial 

activities assessment of fabricated selenium 

nanoparticles using Pelargonium zonale leaf 

extract. Green Processing and Synthesis, 8(1), 191-

198. 

[78] Fritea, L., Laslo, V., Cavalu, S., Costea, T., & 

Vicas, S. I. (2017). Green biosynthesis of selenium 

nanoparticles using parsley (petroselinum crispum) 

leaves extract. Studia Universitatis" Vasile Goldis" 

Arad. Seria Stiintele Vietii (Life Sciences 

Series), 27(3), 203-208. 

[79] Alam, H., Khatoon, N., Raza, M., Ghosh, P. C., & 

Sardar, M. (2019). Synthesis and characterization of 

nano selenium using plant biomolecules and their 

potential applications. BioNanoScience, 9(1), 96-

104. 

[80] Krishnan, V., Loganathan, C., & Thayumanavan, 

P. (2019). Green synthesized selenium 

nanoparticles using Spermacoce hispida as carrier 

of s-allyl glutathione: to accomplish 



Journal of Chemical Reviews    Short Review 

page 168 of 168 

hepatoprotective and nephroprotective activity 

against acetaminophen toxicity. Artificial cells, 

nanomedicine, and biotechnology, 47(1), 56-63. 

[81] Vennila, K., Chitra, L., Balagurunathan, R., & 

Palvannan, T. (2018). Comparison of biological 

activities of selenium and silver nanoparticles 

attached with bioactive phytoconstituents: green 

synthesized using Spermacoce hispida 

extract. Advances in Natural Sciences: Nanoscience 

and Nanotechnology, 9(1), 015005. 

[82] Zhang, W., Zhang, J., Ding, D., Zhang, L., 

Muehlmann, L. A., Deng, S. E., ... & Zhang, W. 

(2018). Synthesis and antioxidant properties of 

Lycium barbarum polysaccharides capped selenium 

nanoparticles using tea extract. Artificial cells, 

nanomedicine, and biotechnology, 46(7), 1463-

1470. 

[83] Mellinas, C., Jiménez, A., & Garrigós, M. D. C. 

(2019). Microwave-Assisted Green Synthesis and 

Antioxidant Activity of Selenium Nanoparticles 

Using Theobroma cacao L. Bean Shell 

Extract. Molecules, 24(22), 4048. 

[84] Sharma, G., Sharma, A. R., Bhavesh, R., Park, J., 

Ganbold, B., Nam, J. S., & Lee, S. S. (2014). 

Biomolecule-mediated synthesis of selenium 

nanoparticles using dried Vitis vinifera (raisin) 

extract. Molecules, 19(3), 2761-2770. 

[85] Alagesan, V., & Venugopal, S. (2019). Green 

synthesis of selenium nanoparticle using leaves 

extract of withania somnifera and its biological 

applications and photocatalytic 

activities. Bionanoscience, 9(1), 105-116. 

[86] Sadalage, P. S., Nimbalkar, M. S., Sharma, K. K. 

K., Patil, P. S., & Pawar, K. D. (2020). Sustainable 

approach to almond skin mediated synthesis of 

tunable selenium microstructures for coating cotton 

fabric to impart specific antibacterial 

activity. Journal of Colloid and Interface Science. 

[87] Mulla, N. A., Otari, S. V., Bohara, R. A., Yadav, 

H. M., & Pawar, S. H. (2020). Rapid and size-

controlled biosynthesis of cytocompatible selenium 

nanoparticles by Azadirachta indica leaves extract 

for antibacterial activity. Materials Letters, 264, 

127353. 

[88] Menon, S., KS, S. D., Agarwal, H., & 

Shanmugam, V. K. (2019). Efficacy of Biogenic 

Selenium Nanoparticles from an extract of ginger 

towards evaluation on anti-microbial and anti-

oxidant activities. Colloid and Interface Science 

Communications, 29, 1-8. 

[89] Sawant, V. J., & Sawant, V. J. (2020). Biogenic 

capped selenium nano rods as naked eye and 

selective hydrogen peroxide spectrometric 

sensor. Sensing and Bio-Sensing Research, 27, 

100314. 

[90] Liang, T., Qiu, X., Ye, X., Liu, Y., Li, Z., Tian, B., 

& Yan, D. (2020). Biosynthesis of selenium 

nanoparticles and their effect on changes in urinary 

nanocrystallites in calcium oxalate stone 

formation. 3 Biotech, 10(1), 23. 
 

 
 
 

How to cite this manuscript: Prashant Korde, Suresh Ghotekar, Trupti Pagar, Shreyas 

Pansambal, Rajeshwari Oza, Dhananjay Mane, Plant Extract Assisted Eco-benevolent 

Synthesis of Selenium Nanoparticles-A Review on Plant Parts Involved, Characterization and Their 

Recent Applications, Journal of Chemical Reviews, 2020, 2(3), 157-168.  

 


