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Abstract 

In recent years, interest in the eco-friendly manufacturing of metal nanoparticles 

from plant extracts has surged. Nonetheless, no research has examined the 

combined antibacterial and anticancer properties of SeNPs synthesized with 

Solanum tuberosum (S. tuberosum) extract. This study involved the synthesis of 

selenium nanoparticles (ST-SeNPs) utilizing phytochemicals with reducing and 

capturing properties derived from the aqueous extract of S. tuberosum shell 

through a green synthesis approach. To determine the unique characteristics of 

ST-SeNPs nanoparticles, a variety of techniques were used, including scanning 

electron microscopy (SEM), zeta potential analysis, transmission electron 

microscopy (TEM), dynamic light scattering (DLS), X-ray diffraction (XRD), 

Fourier transform infrared spectroscopy (FTIR), UV-visible (UV-Vis) 

spectroscopy, and energy dispersive X-ray spectrometry (EDX). The optical 

characteristics of ST-SeNPs were validated using UV-Vis measurement, 

revealing the peak absorbance at 350 nm. FTIR examination verified the 

presence of functional groups on the surface of the produced ST-SeNPs 

nanoparticles. Upon examination of the SEM results, it was concluded that the 

synthesized SeNPs exhibited uniform distribution and possessed a round 

morphology. The anticancer efficacy of the produced nanoparticles on the A549 

lung cancer cell line and OVCAR-3 ovarian cancer cell line after 24 and 48 

hours of exposure was assessed using the MTT test. It was established that 

elevated concentration inhibited cell growth. The inhibitory efficacy of SeNPs 

against the proliferation of Escherichia coli (E. coli), Staphylococcus aureus (S. 

aureus), and Candida albicans (C. albicans) was assessed using the disk 

diffusion agar technique. The evaluated SeNPs exhibited antibacterial efficacy 

against bacterial and yeast cells. The results indicate that ST-SeNPs produced 

via green synthesis can serve as anticancer and antibacterial agents. 

Keywords: Solanum tuberosum peels, Selenium nanoparticle, Anticancer, 

Antimicrobial 
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INTRODUCTION 

Nanotechnology is the name given to the entirety of scientific studies conducted in interdisciplinary 

technologies such as physics, chemistry, biology, materials science, electronics, and medicine with dimensions 

ranging from 1 to 100 nanometers. We can also say that this field is a set of studies conducted on a very small 

scale (Zambonino et al., 2021). Nanoparticles (NPs) used in the field of nanotechnology and nanoscience are 

unique due to their ultra-small sizes and offer significant advantages over materials such as better physical, 

chemical, and biological properties, larger surface area, spatial confinement, reduced defects, and higher surface 

energy (Chaudhary et al., 2016). The dimensions of these particles significantly influence their prospective 

applications across various domains, including biomedicine, nanobiotechnology, agriculture, pharmacology, and 
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optoelectronics, owing to attributes such as surface functionality, chemical composition, morphology, and 

crystallinity (Rasouli, 2019; Elahian et al., 2017). Nanoparticles can be of different types depending on their 

areas of use. Nanomaterials derived from metals, including silver, gold, selenium, copper, zinc, and tellurium, 

are referred to as metallic nanoparticles.  Metallic nanoparticles can be produced by several synthesis processes, 

and these nanoparticles have garnered interest from researchers due to their significant attributes, including their 

characteristics and size specificity, particularly when made using plant extracts. The method of using plants or 

their parts is safe, economical, and environmentally friendly. In this method, no harmful chemicals or reducing 

agents are used, and the plant extract obtained here acts as a reducing agent, reducing metal ions, and thus NPs 

are synthesized. Synthesized NPs such as silver, selenium, copper, gold, and zinc contain many functional 

properties such as anti-tumor, antimicrobial, and antioxidant roles (Burlec et al. 2023). 

Selenium (Se) is a crucial element utilized in medical applications due to its antioxidant, immune-

modulating, antibacterial, and antifungal properties, as well as its roles in cancer prevention, growth 

enhancement, and reproductive improvement. Additionally, it is employed in various industrial sectors, 

including electronic components, solar cells, sensors, biological imaging, metallurgy, glass manufacturing, and 

pigment production (He et al., 2025).  Nanoparticles of selenium are significant for study due to their elevated 

absorption rate and reduced toxicity relative to their organic and inorganic counterparts. Because of its special 

qualities, such as high biological activity, bioavailability, low toxicity, good particle dispersion, and large surface 

area, selenium nanoparticles are thought to be a promising material for many applications (Kumar and Prasad, 

2021). Experimental studies have shown that SeNP can stop cancer cell proliferation and even lead to apoptosis. 

This effect has been shown to induce ROS-mediated necrosis in prostate cancer (Sonkusre and Cameotra, 2017), 

by inducing autophagy in colorectal cancer (Huang et al., 2019), and by increasing apoptosis in skin, breast, and 

liver cancer (Chen and Wong, 2009). Due to their low toxicity, Se-NPs have recently attracted much more 

attention as a promising candidate in medical diagnostics, especially in addition to anti-cancer therapy in medical 

applications, with their excellent antioxidant, antibacterial, antiviral, antifungal, sensor, and anti-inflammatory 

biological properties. SeNPs have proven to be effective against a variety of bacteria and dangerous fungi (Lin et 

al., 2021; Abbas et al., 2021). Moreover, Se-NPs exhibit physical, chemical, electrical, optical, magnetic, 

semiconducting, catalytic, and biological properties (Ansari et al., 2024). 

SeNPs have attracted great attention worldwide due to their wide applications in therapeutics (Park et al., 

2025). The promising role of SeNPs in the stabilization of the immune system and the activation of the defense 

response makes this nanomaterial advantageous. Green synthesis applications, which are easy to synthesize, 

lower cost, have a wide spectrum of materials (organisms) used, and are an environmentally friendly method for 

obtaining SeNPs, have become more preferred (Roy et al., 2025). SeNPs synthesized by the green synthesis 

method are attracting great interest from scientists with their current studies due to their biocompatibility, low 

toxicity, and strong biological activities, including antitumor and antimicrobial effects (Chen et al., 2025). 

Potatoes is one of the most consumed products worldwide. Potato peels are generally considered waste, 

which constitutes a significant portion of kitchen waste. Potato peels can also be an important food in animal 

nutrition (Kowalczewski et al., 2022). The extract of potato peels contains a large amount of components with 

anticancer, antioxidant, antibacterial, anti-inflammatory, antiseptic, and antiapoptotic properties. The extract of 

potato peels contains bioactive components such as gallic acid, caffeic acid, chlorogenic acid, and 

neochlorogenic acid, which help in anticancer, antioxidant, and antibacterial activities (Jimenez-Champi et al., 

2023). 

This study aims to contribute to the waste management system by using potato peels, which are considered 

agricultural waste. In the present study, environmentally friendly SeNPs were synthesized from waste potato 

peels, and the characterization of SeNPs and their antimicrobial and antiproliferative effects on cancerous cells 

were investigated. For this purpose, SeNPs, which have low cost, easy synthesis, biocatalytic, and photocatalytic 

advantages, were used on A549 (human lung carcinoma cell line) and OVCAR-3 (human ovarian carcinoma cell 

line) cells and human pathogenic bacterial strains (S. aureus and E. coli) and yeast (C. albicans). 

 

MATERIALS AND METHODS 

Since the manuscript is an experimental study, it does not require any ethical committee decision. 

Material 

S. tuberosum was collected from kitchen waste. To remove the contamination on the collected potato waste, 

it was first washed thoroughly with tap water and then with pure water. The cleaned waste potatoes were dried in 

the shade in the laboratory. 

Preparation of Potato Peels Aqueous Extract 

After the dried potato waste was ground into powder in a grinder, it was stored in suitable containers for both 

synthesis and characterization studies. To prepare the extract from 30 g of powdered potato waste, it was boiled 

in 500 mL of deionized water at 85 °C on a magnetic stirrer for 60 minutes and obtained. The acquired aqueous 

extract was stored in a cool, dark location for three hours.  The aqueous potato waste was separated from the 
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extract by filtering the liquid with Whatman filter paper no. 1.  The extract derived from the trash was preserved 

in bottles within a refrigerator maintained at 4 °C for subsequent utilization. 

 

Synthesis of ST-SE-NPs 

For the preparation of SeNPs from S. tuberosum shell aqueous extract, the green synthesis method was used 

to prepare a mixture by taking 1 mL of the solution containing 10 mM selenium and 9 mL of the potato extract. 

The pH of the combination was subsequently measured and recorded.  The reaction mixture was maintained in a 

dark environment using a rotary shaker at 75 °C for 3 hours at 200 rpm.  The alteration in the color of the 

reaction mixture was noted.  The reaction mixture was thereafter incubated at 37 °C for 96 hours.  The complete 

color change of the reaction mixture at the end of the interval indicated the formation of nanoparticles. 

Characterization of Biosynthesised Nanoparticles 

SeNPs were studied by UV-Vis spectrophotometry, Fourier Transform Infrared Spectroscopy, zeta potential 

analysis, X-ray Diffraction (XRD), Transmission Electron Microscopy (TEM), Scanning Electron Microscopy 

(SEM), and Energy Dispersive X-ray Spectrometry (EDX). 

Determination of Cytotoxic Activity 

The cytotoxic activities of SeNPs were applied to A549 and ovarian carcinoma OVCAR-3 cancer cell lines 

by modifying the MTT method (Mosmann, 1983). Cisplatin was used as a positive control in cytotoxicity 

experiments. Cisplatin was dissolved with DMSO, and intermediate stock solutions were prepared with cell 

culture media. Cell lines (A549) were cultured in Dulbecco’s modified medium (DMEM), 10% fetal bovine 

serum (FBS), 1% glutamax, and 1% penicillin-streptomycin medium. Cells were seeded at a density of 5 x 103 

cells/well in 96-well plates containing 90 µL of medium per sterile well. Two separate microplates were used to 

facilitate two separate incubation periods of 24 and 48 hours for both cell lines. Cells were allowed to adhere to 

the bottom of the microplates for 24 hours. Plates were incubated for 24 hours in a humidified environment 

containing 37°C and 5% carbon dioxide (CO2), and the cells were given the drug candidate compound ML-SeNP 

(600, 300, and 100 g/mL). When the cells reached approximately 80-90% confluence, they were removed from 

the flasks and counted by the hemocytometric method. For A549 and OVCAR-3 cell lines (5×103) and RPE-1 

(10×103) cell lines, they were injected in triplicate into 96-well plates, and various doses were applied to the 

seeded plates the next day. Ultrapure water was added to the control group cells. MTT assay determined changes 

in cell viability 24 and 48 hours after this application. 10 µL of the MTT (5 mg/mL) solution we prepared was 

applied to each well-containing cell and then incubated for exactly 3 hours at 37 ºC in a 5% CO2 humidified 

environment. After the time was up, it was removed, and 100 microliters of DMSO was added to each well. It 

was then shaken gently and then left for 20 minutes. Subsequently, the optical density (OD) values in the wells 

were measured using a UV-vis spectrophotometer (Multiskan GO, Thermofisher, USA) as applied by İpek et al. 

(2023). The absorbance values from the control wells were determined as the average. Then, the cells were 

evaluated according to the 100% viability principle. The absorbance values obtained from the wells treated with 

ML-SeNP were normalized to the control absorbance value. This value was accepted as % viability. MTT 

analysis was performed at three different times. Statistical evaluation of viability data was performed using the 

GraphPad Prism 8 package program. Two-way analysis of variance was applied in repeated measurements to 

evaluate the effect of the applied tests on cell viability. 

Antimicrobial Activity 

E. coli, S. aureus, and C. albicans were chosen for antimicrobial evaluation.  Cultures were acquired from the 

Microbiology Laboratory of Inonu University Medical Faculty Hospital.  These bacteria and fungi were selected 

due to their propensity to induce common diseases in people and their resistance to current antibiotics. 

 

RESULTS AND DISCUSSION 

UV-visible spectroscopy of SeNPs was measured between 300 and 800 nm (Figure 1). Strong absorption 

peaks were observed approximately in the 330 nm region, indicating that selenite was reduced to SeNPs with the 

potato extract. When the obtained graph was examined, it was consistent with the UV-visible spectroscopic 

results of SeNPs in the literature (Baran et al., 2024). 

The FTIR spectrum of potato (S. tuberosum) displayed a broad OH band at 3280 cm-1 (Akpomie, 2021).  The 

infrared absorption bands for C–H stretching in alkenes and alkanes were observed at 2914 and 2847 cm-1, 

respectively, whereas the C≡C group displayed absorption bands at 2113 and 1990 cm-1 (Ezekoye et al., 2020; 

Akpomie, 2021).   The absorption peak at 1636 cm-1 is ascribed to the carbonyl C=O stretching (Akpomie, 2021; 

Trinh, 2020).  The absorption band at 1013 cm-1 is attributed to the C–O stretching vibration (Figure 2) 

(Chukwuemeka-Okorie et al., 2018).  The peaks at 1509 and 1364 cm-1 are attributed to the O-H bending of the 

carboxylate group.  The peak at 987 cm⁻¹ signifies the C-N stretching associated with the amine functional 

group.  The absorption peaks of SeNPs correspond to the stretching, bending, and vibration frequencies of 

specific organic functional groups, such as NH2, COOH, CH2, and CO, as documented in previous studies (Ullah 

et al., 2021).   Ren et al. (2013); Liu et al. (2012). 

 



 

Aktepe et al. Cytotoxic and antimicrobial analysis of biosynthesized Int. J. Agric. Environ. Food Sci. 2025; 9 (2): 559-569 

 

 

 
 

562 

 
 

Figure 1. UV-visible spectroscopic results of ST-SeNP nanoparticles 

 

 
 

Figure 2. FTIR spectrum of synthesized ST-SeNPs and potato aqueous peel extract 

 

The SEM image of the synthesized ST-SeNPs (Figure 3) was captured at a power setting of 20 kV and a 

magnification of 20.000X in high vacuum mode, with a scale of 1000 nm.  The synthesized selenium 

nanoparticles exhibited uniformity and smoothness, with an average particle size ranging from 30 to 100 nm.  

Selenium nanoparticles exhibit a hexagonal structure.  The average size of green synthesis selenium 

nanoparticles (SeNPs) is marginally larger than that produced by chemical methods (Ramamurthy et al. 2013). 

Figure 4 illustrates the detection of selenium (Se) peak at approximately 1.5 and 11.2 keV, confirming the 

reduction of sodium selenite to selenium nanoparticles as indicated by EDX analysis.  Upon examination of the 

figure, the elemental analysis reveals that the Se element occupies the highest rank, with a weight percentage of 

88.43% (Baskar et al., 2019). 

The XRD examination of selenium in the produced SeNPs reveals three prominent peaks across the spectrum 

at 2θ values between 5 and 80 (Figure 6).  The diffraction at 2θ values of 23.460, 29.661, and 43.620 

corresponds to the (100), (101), and (102) planes of the face-centered cubic selenium structure, respectively 

(Khiralla and El-Deeb 2015). 

The synthesis of selenium nanoparticles, as analyzed in Figure 5 via TEM, indicates that Se-NPs exhibit a 

nearly spherical morphology at the nanometer scale, with an average diameter of 32.97 ± 15.77 nm (Boroumand 

et al., 2019). 
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Figure 3. SEM image of synthesized selenium nanoparticles 

 

 
 

Figure 4. EDX spectrum of selenium nanoparticles. 

 

 
 

Figure 5. TEM image of SeNPs at 200 nm 
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Figure 6. XRD spectrum of selenium nanoparticles 

 

Figure 7 illustrates that the average hydrodynamic diameter of Se-NPs, as measured by DLS, was 

approximately 98 nm. The size distributions of SeNPs were assessed through dynamic light scattering, with 

results presented in Figure 7. The average particle size of SeNPs was approximately 98 nm, suggesting a 

homogeneous particle size distribution in the synthesized SeNPs. 

 

 
 

Figure 7. DLS images of synthesized SeNPs. 

 

Anticancer Effect of ST-SENPs 

Figure 8 illustrates the in vitro cytotoxicity of SeNPs at various doses and their impact on the growth of A549 

and OVCAR-3 cells, as assessed by the MTT assay.  The potential mechanism of SeNPs' anti-proliferative 

activity involves the induction of oxidative stress by the generation of reactive oxygen species (ROS), resulting 

in DNA damage or apoptosis via the activation of caspases or apoptotic proteins, and may potentially induce cell 

cycle arrest. This claim is also supported by the research of Menon and Shanmugam (2020). SeNPs were used at 

varying concentrations (1, 31.25, 62.5, 125, 250, 500, 1000 and 2000 µg/mL) to treat A549 and OVCAR-3 cells 

at 24 and 48 hours. The inhibitory concentration (IC50) value for 50% cell death of biosynthesized SeNPs 

against A549 cells was determined to be 2000 µg/mL at both 24 and 48 hours.  The inhibitory concentration 

(IC50) of the produced SeNPs against OVCAR-3 cells, indicating 50% cell mortality, was established at 2000 

µg/mL at both 24 and 48 hours. However, the cytotoxicity test of the synthesized SeNPs against A549 and 

OVCAR-3 cells did not show significant cytotoxicity at low concentrations, and as the concentration increased at 

24 and 48 hours, cytotoxicity also increased (Rajasekar and Kuppusamy, 2021). We obtained the most effective 

cytotoxicity in the OVCAR-3 cell line with a concentration of 2000 µg/mL after 24 hours, and in the A549 cell 

line, we obtained a concentration of 2000 µg/mL again after 48 hours of incubation. Menon and Shanmugam 

(2020) conducted an experimental study with SeNPs in the A549 cell line, and Toubhans et al. (2020) Their 

experimental research on OVCAR-3 cell line cytotoxicity supports our study. 
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Figure 8. MTT assay for relative cell viabilities of A549 cells and OVCAR-3 cells incubated with 

biosynthesized ST-SeNPs for 24 and 48 h. 

 

Numerous studies have shown that the generation of reactive oxygen species (ROS) plays a role in the 

apoptotic process and is strongly associated with the mitochondrial electron transport chain. Typically, selenium 

nanoparticles (Se-NPs) produce excessive reactive oxygen species (ROS) to induce apoptosis by inhibiting the 

electron transport chain. As a result, high intracellular ROS production triggered by Se-NPs can induce apoptosis 

and cell cycle arrest, thereby promoting cancer cell death. Moreover, apoptosis may exert cytotoxic effects on 

cancer cells via extrinsic or intrinsic pathways (Menon et al., 2018). 

In general, cancer is one of the deadly diseases that requires careful and selective treatment planned after a 

meticulous diagnosis. There are common treatment methods for cancer, such as chemotherapy, radiotherapy, and 

immunotherapy. However, these methods can also create a lot of exposure, especially in terms of resistance to 

radiotherapy and chemotherapy options and toxic side effects. For these reasons, there is a need to develop new 

cancer treatments. (Xia et al. 2024). Selenium nanoparticles increase cell apoptosis, and when used together with 

anticancer drugs, they increase the effectiveness of the drugs and show an anticancer effect (Kumar and Prasad, 

2021). Various anticancer agents, including metals, polymers, biomolecular materials, and semiconductors, have 

been used for cancer treatment. Among these functional anticancer agents, selenium nanoparticles have also 

gained great importance as anticancer biomaterials. SeNPs have less toxicity than organic and inorganic 

selenium compounds, and the high activity of bio-SeNPs has been used in many therapeutic applications, such as 

anticancer (Xiao et al., 2023).  

Antimicrobial Activity of ST-SENPs 

Selenium atom is an element recognized for its exceptional antioxidant properties.  This property influences 

cellular function in both adaptive and innate immunity and demonstrates selenium's ability to regulate bacterial 

infections.  Selenium compounds exhibit notable antibacterial activity against various bacterial infections. 

(Medina and Webster 2018, Tran et al. 2015). As a new type of selenium that shows improved biological 

activities compared to traditional selenium compounds, SeNPs have been extensively demonstrated to have 

broad-spectrum antibacterial properties. In our analysis, SeNPs demonstrated antimicrobial activity against 

gram-positive bacteria, gram-negative bacteria, and fungi (Figure 9).  The disk diffusion method demonstrated 

that SeNPs exhibited greater antimicrobial activity against E. coli (5 mm) and C. albicans compared to S. aureus 
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(8 mm) (Figure 9).  The microorganism to which sensitivity was highest was identified as C. albicans. In some 

studies, conducted with SeNPs, similar to our study, it has shown antibacterial activity in S. aureus and E. coli 

bacteria (Vahdati and Tohidi Moghadam 2020, Tran et al., 2016). Similarly, in their study with C. albicans, 

Safaei et al. (2022) showed that the produced nanoparticles significantly prevented fungal growth under 

optimum conditions. 

 

 
 

Figure 9. Antimicrobial activity of Se-NPs against E. coli, S. aureus, and C. albicans. 

 

Metal nanoparticles demonstrate antimicrobial properties due to their distinctive characteristics, such as a 

high surface-to-volume ratio, specific surface area, quantum effects, enhanced surface reactivity, and unique 

chemical and physical properties.   Research indicates that nanoparticles can eliminate resistant infections via 

interactions with the thiol (-SH) protein group. This interaction alters cell morphology and gene expression, 

influences membrane permeability, disrupts mitochondrial membrane integrity, induces DNA damage, and 

generates oxidative stress (Safaei et al. 2022, Truong et al. 2021). 

 

CONCLUSION 

In this study, the cytotoxic activity of SeNPs synthesized with potato peels on A549 cells and OVCAR-3 cell 

lines, as well as their antimicrobial effects against gram-negative E. coli, gram-positive S. aureus bacteria, and 

C. albicans yeast, were analyzed. ST-SeNPs showed potential as anticancer and antimicrobial agents and could 

serve as alternative treatments or adjuvants for bacterial infections, thus reducing the burden on current 

antibiotics and their applications. Consequently, it was concluded that reducing exposure to conventional 

antibiotics could help reduce rapid antimicrobial resistance, which is a significant effort considering that the 

resistance rate currently exceeds the rate of new drug development. The obtained findings encourage the use of 

metal nanoparticle systems exhibiting cytotoxic and antimicrobial properties. Further studies are required to 

comprehensively elucidate the mechanisms and effects of cytotoxicity and antibacterial properties associated 

with these metal nanoparticle systems. 
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