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Abstract: We report edible mushroom extract (EME) as a robust and environmentally friendly 

precursor for the biogenic synthesis of selenium nanoparticles (SeNPs).  The as-synthesized SeNPs 

were characterized by UV-visible spectrophotometer (UV-vis), Fourier-transform infrared 

spectroscopy (FTIR), Transmission electron microscope (TEM), and Dynamic light scattering (DLS) 

techniques. The results obtained from TEM and DLS suggested that the SeNPs synthesized with EME 

are in the size of ~ 8 nm with a spherical shape and monodispersity. The occurrence of antioxidants in 

the EME has been confirmed with FTIR and thereby confirmed that flavonoids and phenolic compounds 

played a pivotal role in the biosynthesis of SeNPs from Na2SeO3. In addition, EME-SeNPs exhibited 

no cytotoxicity on the cell lines of prostate cancer (PC-3) at concentrations ranging from 0.5-1.5 μM. 

At a concentration of 0.25 mM against 1,1-diphenyl-2-picrylhydrazyl, the average scavenging level of 

EME-SeNPs was found to be > 80.20 %. Moreover, the percentage viability of gram-negative E.coli 

and gram-positive E.faecium was recorded at a high concentration of EME-SeNPs and found to be 82 

% and 65 %, respectively. 

Keywords: SeNPs; Edible mushroom extract; Prostate cancer cell lines; Antioxidant and antibacterial 

activities. 
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1. Introduction 

Mushrooms were considered to be one of the most significant ingredients of epicurean 

cookery throughout the globe, particularly for their unique flavor, and were regarded as a 

culinary wonder by humankind. There are more than 2,000 species of mushrooms in nature, 

but only 25 are commonly recognized as food, and few are cultivated commercially [1,2]. 

Furthermore, it is demonstrated that mushroom has significant medical properties, including 

detoxification, antiallergic, antiparasitic, hepatoprotective, antifungal, antioxidant, 

antibacterial, antidiabetic, cardiovascular effects, and name a few [3-6]. 

There has been a remarked increase in the field of nanoparticle synthesis in the last 

decade, with meticulous morphologies and outstanding structures, making it a large area of 

study. The synthesis of nanoparticles (NPs) with specific particle size, shape, and their 
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crystalline structure is one of the greatest objectives in the material science and technology for 

the effective use in the biosensor, bio-medical applications for fabrications in the development 

of cost-effective electrode systems [7-9].  Nanoparticles (NPs) with at least one dimension 

below 100 nm, including nanotubes, nanosheets, and nanowires, have gained substantial 

consideration due to their wide range applications [10-12]. NPs act as a bridge between bulk 

materials and atomic or molecular structures, in addition to their unique chemical and physical 

properties. Hence, these are promising materials for a variety of applications in various fields 

such as in medicine, electrochemistry, inorganic chemistry, biotechnology, and analytical 

chemistry for the detection of analytes of interest [13-16].  

For the preparation of NPs with diverse morphology and scale, different synthetic 

methods were used. Though these methods have resulted in unique featured NPs, a significant 

improvement in the synthesis methodology is necessary to build quality and long-lasting 

materials for innovative domestic, communication, transport, medical, agricultural, and 

industrial applications. Thus, the main emphasis is on developing NPs using environmentally 

sustainable strategies. Nature has been providing ways and perceptions into advanced 

nanomaterial synthesis. The literature has now stated that biological systems can serve as the 

“biological laboratory” for the development of different metal/metal oxide particles [17-23]. 

Selenium is a well-known significant element used in various research fields such as 

the energy sector and semiconductor industry due to its unique physical, optical and chemical 

properties [24]. Due to their minimal risk compared with selenium alone, selenium 

nanoparticles (SeNPs) have recorded substantial medical diagnostic applications in the current 

decade in the treatment of leukemia [25-36] and used as dietary supplements due to their rich 

availability of antioxidants [37]. In general, the popular industrial techniques used in the 

selenium based nanomaterials synthesis encompass multifaceted mechanisms linked to 

enormous environmental jeopardies such as high temperature and pressure. Recent literature, 

however, documented the green synthesis of metal nanoparticles by advancing morphology 

and nanoparticle size [38-40].  

The use of plant-based natural materials in the biogenic synthesis of NPs can be 

beneficial over other chemical or biological processes due to their environmentally friendly 

nature [41-44]. Whereas conventional synthesis methods involve the utilization of huge 

temperature and pressure, resulting in the cost implications; therefore, this study was aimed at 

exploring the anti-carcinogenic impact of SeNPs on prostate cancer, as well as antibacterial 

activity on gram-negative and positive bacteria, biogenic synthesis of SeNPs were prepared 

using an edible mushroom extract. The as-prepared EME-SeNPs were characterized by UV-

visible, TEM, and DLS techniques.  

2. Materials and Methods 

2.1. Chemicals and reagents. 

All chemicals were of analytical grade and used as received without further purification. 

Sodium selenite (≥98.0%), 1,1-diphenyl-2-picrylhydrazyl (DPPH) (>99.5 %), Sodium borate, 

Sodium hydroxide, and hydrochloric acid were purchased from Sigma-Aldrich, South Africa. 

The edible mushrooms were purchased from the local supermarket, Durban, South Africa. 

Throughout this study, ultra-pure water (≥18.2 mΩ cm, Milli-Q, Millipore) was used.  
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2.2. Instrumentation. 

UV – vis absorption spectra were measured using a 1 cm quartz cell on the Thermo 

Evolution 300 Absorption Spectrophotometer. The FTIR and Transmission electron 

microscopic (TEM) characterization were performed with Perkin-Elmer (USA) and HITACHI 

H-7650 model systems, respectively. The dynamic light scattering (DLS) measurements were 

conducted in with Zetasizer (Nano ZS, Malvern Instruments Ltd., UK) and its software. 

2.3. Procurement of edible mushrooms. 

These mushrooms were collected from the local supermarket, cut into small pieces, and 

washed several times with deionized distilled water.  In 500 ml of deionized distilled water, 

100 g of finely cut mushroom was boiled for 15 min at 60 oC and filtered. The filtrate is 

refrigerated to room temperature and used as a reduction agent and stabilizer for the biogenic 

synthesis of SeNPs.  

2.4. Synthesis of Selenium Nanoparticles (SeNPs)  

Into a 100 ml beaker, 10 ml of 10mM Na2SeO3 was added and then placed on a hot 

plate equipped with a stirrer. To a vigorously stirred (250 rpm) aqueous solution of Na2SeO3, 

5 ml of edible mushroom extract (EME) was added dropwise using a burette for 5 min. Then 

the pH of the reaction mixture was adjusted to pH 9.2 with 1 M HCl/NaOH and allowed stirring 

for 70 h. Initially, the reduction process takes place slowly by changing the slight yellow-

colored solution into orangish-red, and the color remains unchanged at the end of the third day. 

This confirms the completeness of the reduction process with stable SeNPs as a colloidal 

solution. The schematic illustration of the biogenic synthesis of SeNPs with EME was 

represented in Scheme 1.  

 
Scheme 1. Schematic illustration of biogenic synthesis of SeNPs with EME. 

2.5. Cytotoxicity assessment of EME-SeNPs. 

In this study, prostate cancer cell lines (cas: 90112714) extracted from Caucasian 

prostate adenocarcinoma were purchased from Sigma-Aldrich, United States of America. 

These cell lines were cultured in a mixture of 2 mM Glutamine, Coons Modified Ham’s F12, 

7 % Foetal Bovine Serum (FBS) or Kaign’s modified Ham’s F12, 18 mg l-1 Inositol, 45 mg l-1 

ascorbic acid, 1 % antibiotic mixture (penicillin, and streptomycin) and 7 % Foetal Bovine 

Serum (FBS) in a 5% CO2 cultivated to 85 % confluence at 37oC. Later this mixture was 

exposed to various concentrations of SeNPs on subconfluent cells. Inverted microscope (IX-
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73, Olympus, South Africa) was used to visualize the obtained results of cell confluences. 

Control and treatment cells were exposed after 2 h and monitored the cytotoxic effect of SeNPs 

on prostate cancer (PC-3) cells by cell density measurement using a Neubauer chamber. 

2.6. Assessment of antioxidant activity of EME and EME-SeNPs. 

The free radical scavenging activity of the SeNPs was measured using DPPH as a free 

radical model as per the reported method [22]. In brief, different volumes of EME-SeNPs (1.0 

- 0.5 ml) or control and deionized distilled water (1.0 - 2.0 ml ) were added and mixed 

vigorously to a 3.0 ml of 0.3 mM of DPPH in absolute methanol. The mixture was further 

sonicated at room temperature for 15 min to boost the surface reaction between the DPPH 

reagent and EME-SeNPs and kept in the dark. The supernatant was collected after 

centrifugation at 10,000 rpm, and absorbance estimated at 340 nm. In this study, DPPH control 

was considered as a reference. Using the below equation, the free radical scavenging activity 

was measured: 

Scavenging activity (%) = [1- 
Absorbance of sample

Absorbance of control
] × 100           (1) 

2.7. Assessment of antibacterial activity using standard plate count colony and forming units 

(CFU) measurement methods. 

In this study, the standard count method was used to monitor the viability of SeNPs 

with untreated and treated E. coli cultures. Initially, E.coli ATCC 25922 and E. faecium ATCC 

35667 were cultivated to O.D of 0.5 at 500 nm at 35 oC and CFU ml-1 of 105. Then these cells 

were centrifuged at 4 oC with a 4000 rpm for 5 min to undergo palletization. After this process, 

cells were given several washes with phosphate buffer saline (PBS) of pH 7.4. Finally, to this 

PBS solution, various concentrations of SeNPs colloidal solution (10, 25, 50, 75, and 100 µg 

ml-1) with EME and without EME to investigate the antibacterial effect. Bacterial culture has 

acted as a negative control in the Luria Bertani (LB) broth without SeNPs. The cells were 

cultivated at 35 oC for 120 min and were diluted serially at pH 7.0 in PBS. The dilutions were 

impregnated on the plats of LB agar. The number of CFUs has been manually counted after 

overnight incubation at 37 oC. All the experiments were conducted in triplicate. 

 

3. Results and Discussion 

3.1. UV-visible spectrophotometer analysis. 

Green chemistry owes considerable importance to the synthesis of metal nanoparticles 

(MNPs) due to their infinite applications [45]. Metal nanoparticles are readily discernible due 

to differences in solution color. Due to the peak locations and sphere, the UV-vis absorbance 

spectroscopy has proven to be a very useful technique for studying MNPs being sensitive to 

particle size. The bioactive molecules in the EME, however, reduce the precursor to form 

SeNPs, which have been further confirmed by UV-vis, FTIR, DLS, and TEM. The 10 mM of 

Na2SeO3 with EME started changing color from yellow to orangish-red color after constant 

stirring for 70 h at room temperature, resulted in a bright and high-intensity solution. The color 

of the obtained solution remained unchanged throughout the experimental period, which was 

indicative of a complete reduction of Se ions into SeNPs at pH 9.2.  

Figure 1 depicts the UV-visible spectrum of SeNPs, EME, and EME-SeNPs. Though 

the solution of Na2SeO3 was colorless, the weak absorption peak at 280 nm was observed, but 
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in the case of EME, the color of the solution was slight yellow with an λmax of 300 nm. The 

addition of aqueous EME to 10 mM of Na2SeO3 at pH 9.2 resulted in the color change from 

slightly yellow to orangish-red with an λmax of 340 nm due to the excitation of surface plasmon 

resonance. Generally, the increase in the concentration of capping agent increases the metallic 

nature of SeNPs and reduction of particle size [46].  

 
Figure 1. UV-visible spectrophotometric spectrum of SeNPs, EME, and EME-SeNPs. 

3.2. FTIR analysis. 

Figure 2 illustrates the FTIR spectrum of EME and EME-SENPs. The obtained results 

reveal that several absorption peaks at 1250, 1658, 2230, and 3610 cm-1 were observed due to 

the ester bonds in EME. The small and broad peak at 1250 cm-1 corresponded to the carbonyl, 

-NH, and –NH2 functional groups. The sharp and high-intensity narrow peak at 1658 cm-1 was 

attributed to amide-I, resulted in the stretching of carbonyl bonded protein present in the EME. 

This amide-I group would interact with SeNPs and form a strong layer around the 

nanoparticles, leading to the monodisperse of the SeNPs in aqueous medium [47]. The low-

intensity amide-I group peak at 1690 cm-1 in the EME-SeNPs confirms the interaction of SeNPs 

with the proteins of the EME. The peaks at 2230 cm-1  and 3610 cm-1attributed to the C=N 

bond and –OH stretching. The broad peak of –OH group at 3610 cm-1 confirms the involvement 

of carbohydrates, phenolic acids, proteins, flavonoids, and tannins in the reduction of Se ions 

to SeNPs [48]. 

 
Figure 2. FTIR spectrum of EME and EME-SeNPs. 

3.3. TEM analysis. 

Figure 3A-B, represents the surface morphology evaluation of the EME mediated 

SeNPs. Figure 3A shows the shape and distribution of SeNPs, indicating the formation of 

spherical and monodispersed SeNPs using one-pot biogenic synthesis with EME. The obtained 
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SeNPs size was recorded and found to be ~8 nm as per the Figure 3A inset distribution graph. 

Figure 2B demonstrates the HR-TEM image of the biogenic synthesis of SeNPs, resulted in 

the visualization of lattice fringes on the surface of the SeNPs. The lattice fringes depict a 

spacing of 0.252 nm, which corresponds to the spacing between (1 0 1) plane, indicating the 

highly crystalline nature of the SeNPs. The DLS measurements were performed, and the 

hydrodynamic size of the SeNPs was recorded as 18 nm, which is in alignment with TEM 

results.  

 
Figure 3. TEM and HR-TEM images are showing the monodispersity of (A) SeNPs (B) Fringes with a lattice 

spacing of 2.52 nm. 

3.4. Effect of CuNPs on prostate cancer (PC-3) cell proliferation. 

Edible mushroom extraction is rich in antioxidant properties and is therefore chosen as 

a precursor to greener SeNP synthesis [49].  

 
Figure 4. Histogram of cellular densities of PC-3 demonstrating the effect of different concentrations of EME-

SeNPs. 

The cytotoxic in-vitro studies were assessed by measuring changes in cell density 

following exposure to NPs at various concentrations (0.5 - 1.5 µM). As shown in Figure 4, the 

cells displayed excellent viability in the presence of NPs up to 1.5 μM, which suggests that the 

SeNPs had no toxic effect. The results obtained indicate that after 2 h of the exposure period, 
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there is no cytotoxicity of NPs on prostate cancer (PC-3) cells in the range of 1.5-0.5 μM. The 

results obtained indicate no significant change was observed against the control. This action of 

SeNPs can be attributed to its functionality of phenolic molecules from the EME. It was 

demonstrated that the exposure time plays a key role in in-vitro studies as it influences the cell's 

penetration distance to determine cytotoxic studies' effectiveness. Hence, the exposure time to 

SeNPs with the cell was standardized as 2 h to reach the inner layers of the cell to exhibit 

cytotoxicity. 

3.5. Antioxidant activity. 

DPPH is a solid, nitrogen-centric, free radical whose color changes from slightly yellow 

to orangish-red when either the hydrogen or electron donation process is reduced. Radical 

scavengers are the substances capable of conducting this reaction due to antioxidants nature. 

The DPPH offers a stress-free and fast method for assessing antioxidant activity. Edible 

mushroom extract-SeNPs under analysis, radical scavenging activity decreased with an 

increase in the concentration, demonstrating that this process is a concentration-dependent 

phenomenon. The percentage of radical scavenging activity for DPPH inhibition was illustrated 

in Figure 5. The obtained results demonstrated that the percentage of DPPH radical scavenging 

activity inhibition had been decreased by an increase in the dosage of EME-SeNPs due to the 

sparing solubility of SeNPs and inadequate DPPH content at higher concentrations. It was 

suggested that the EME scavenging efficacy has no significant effect at a maximum percentage. 

However, EME-SeNPs were found to be 81.25 %, 73.42 %, 37.38 % and 28.97 % at 0.25 mM, 

0.50 mM, 0.75 mM, and 1.0 mM respectively. This phenomenon could be due to the fact that 

EME acts as a robust oxidizing agent and loses electrons easily compared to EME-SeNPs [50]. 

 
Figure 5. Graph illustrating the antioxidant activity of EME and EME-SeNPs. 

3.6. Enhanced antibacterial activity of biogenic synthesized EME-SeNPs. 

The antibacterial behavior of SeNPs was investigated with the bacterial culture of gram-

negative and gram-positive by varying concentrations of NPs, ranging from 10-100 μg ml-1. 

The percentage of viability was studied using the standard method of plate counting. As the 

concentration of SeNPs increased, the count of bacterial colony-forming units (CFU) of gram-

negative (E. coli) and gram-positive (E. faecium) cultures decreased in the plate count 
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methodology. Figure 6A-B illustrate the antibacterial activity of EME-SeNPs synthesized 

using the edible mushroom extract. This study was performed with EME and EME-SeNPs. 

Initially, various concentrations of EME-SeNPs ranging from 10-100 µg ml-1was used to 

monitor the viability percentage of E.coli and E. faecium The SeNPs viability percent 

demonstrated greater antibacterial activity compared with gram-positive E. faecium versus 

gram-negative E. coli. The reported findings were in line with previously published reports 

[51], suggesting the antibacterial activity of SeNPs. The significant reason for this behavior 

could be due to the difference between gram-positive and gram-negative bacteria in the cell 

wall structure. The gram-positive bacteria cell wall usually consists of 80 % of peptidoglycan. 

On the other hand, Teichoic acids, other proteins, and outer membrane lipopolysaccharides 

make up the remaining 10-20 % of the cell wall. Whereas, in the case of gram-negative bacteria, 

the cell wall is made up of 10 % peptidoglycan with outer membrane composition, including 

15 % lipoproteins, 35 % phospholipids, and 50 % lipopolysaccharides. The outer membrane in 

gram-negative bacteria is, therefore, tightly packed, offering defense and immunity to 

antibacterial agents [52]. In addition, the NPs size plays a pivotal role in the enhanced 

antibacterial activity and varies the contagion and susceptibility of different strains [53]. Hence, 

the size of SeNPs synthesized with EME  was ~8 nm when compared to NPs (~20 nm) 

synthesized with another sodium borate. It was reported that E. faecium was highly morbific 

than E. coli. The obtained results from Figure 6B revealed that 100 µg ml-1 of EME-SeNPs 

exhibited 82 % and 65 % of viability percentages against E.coli and E. faecium, whereas SeNPs 

synthesized using sodium borate showed viability percentages of 55 % and 50 %. These 

statistics suggested that the EME-SeNPs have more antibacterial properties compared to SeNPs 

prepared with other reducing agents.   

Moreover, it is noted that there was a statistically important difference in E.coli and E. 

faecium cell viability at 100 μg ml-1 using EME-SeNPs (p=0.0435). Interestingly, the same 

pattern results were observed with concentrations of 25 μg ml-1, 50 μg ml-1and 75 μg ml-1of 

EME-SeNPs.  

 
Figure 6. Percentage viability studies of (A) EME-SeNPs (B) SeNPs synthesized without EME against E. coli 

ATCC 25922 and E. faecium ATCC 35667. 

4. Conclusions 

 The findings reported in the present research show the biogenic synthesis of SeNPs 

using the EME with an average size of ~8 nm. The key finding was the presence and detection 

of flavonoids by FTIR, confirmed their role in the biosynthesis of SeNPs. In addition, the EME-

SeNPs cytotoxicity results confirmed that there is significant no influence on cell lines (PC-3) 

of prostate cancer within a concentration range of 0.5-1.5 μM. The DPPH assays have shown 

the highest scavenging effectiveness of EME-SeNPs against antioxidant activity (> 80.0 %). 
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The EME based flavonoids anchored SeNPs exhibited excellent antibacterial activity against 

both gram and positive E. coli and E. faecium, respectively. In the case of E. faecium, the 

antibacterial activity was noticeable as the EME-SeNPs could simply pierce the outer 

membrane due to the less compact nature compared with that of E.coli. The biogenic synthesis 

described here is reproducible, cost-effective, easy to handle, and environmentally friendly 

manner as it uses EME for the first time in the synthesis of SeNPs.  
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