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Global food production consumes a large fraction of energy budget, land area, and freshwater; however, a larger fraction of the produce is lost or unutilized, which has potential to produce useful products for human use. The biogenic synthesis of silver nanoparticles from such waste food appears to be a promising strategy. A conservative estimate of 70–140 thousand tons of potato peels is produced annually by food-chain companies globally; however, they are primarily utilized to produce substandard feed for livestock or manure. For the formation of highly profitable compounds, enhancement of value, and the process of extraction, such as nanocomposite, organic antioxidants, and organic meal inclusions, potato peels can be used as a cheap, productive, and readily available source of raw material. In the present research, silver nanoparticles (AgNPs) were extracted from the peels of potato (Solanum tuberosum). The fabrication of potato peel-derived AgNPs was established using UV-visible spectroscopy analysis. Approaches like X-ray diffraction (XRD), attenuated total reflection-infrared (ATR-IR) spectroscopy analysis, and field emission scanning electron microscopy (FESEM) were used to determine the characteristics of the AgNPs. Additionally, strains of Gram-positive bacteria such as Staphylococcus aureus (S. aureus) (ATCC 25923) and Gram-negative bacteria such as Escherichia coli (E. coli) (ATCC 25922) were used to determine the antibacterial activity of AgNPs via the disc diffusion technique. The antibacterial properties of AgNPs could help protect food from microbial contamination. Furthermore, AgNPs were tested for their potential application in purification of industrial wastewater. The results revealed that AgNPs derived from the potato peels could be used in industrial and biomedical applications and possess excellent antibacterial activity. Our research suggests that AgNPs can be extracted from a safe and ecofriendly fabrication technique from largely unused potato peels that have a great potential for inhibiting the bacterial growth and for the in situ purification of wastewater in the upcoming years. Therefore, besides value addition to the farm produce, such recycling of potato peels is likely to reduce the burden of the solid waste volumes in agro-centers, kitchen wastes, and food industries across the globe.
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1 INTRODUCTION
In recent times, the development of an environmentally safe and sustainable biochemical method for the synthesis of silver nanoparticles has gained increasing attention (Percival et al., 2007; Pudake et al., 2019; Murugesan et al., 2023). Nanomaterials are recent advancements in scientific and technological fields that concentrate on developing and modifying molecular formations at the nanoscale (Dhanker et al., 2021). Nanoparticles are gradually being related to administration of pharmaceutical preparations, electrical, mechanical, and biological sensing, cosmetics, optical activity, agronomic regions, screening, and numerous other sectors (Bhattarai et al., 2018; Xing et al., 2021). Because of their distinctive features, silver nanoparticles (AgNPs) have captivated the attention of researchers (Yadav et al., 2017; Dhanker et al., 2021; Pirathiba and Dayananda, 2021; Deepa et al., 2022; Deepa and Dhanker, 2022). AgNPs are prospective alternatives intended for preventing bacterial activity, suggesting a feasible strategy for conserving vegetables and fruits (Rajarathinam et al., 2014).
A few decades ago, the biodegradable waste produced in the kitchen was not perceived to be a considerable resource (Ghosh et al., 2015; Annu et al., 2018; Pudake et al., 2019). On a global basis, a significant amount of waste from food is produced, and with rapid urbanization, the management of food waste has become monumental problem. In addition to being an economical and social burden, food waste decomposition leads to the release of CO2 and methane (major green house gases). The reuse of food waste has become essential for minimizing waste and adding value to food crops. Humans cannot completely utilize all parts of the food crops, so unused parts such as peels can be transformed into valuable products and resources, including innovative products, by using recent scientific methods of synthesizing nanomaterials. Current problems related to malnutrition, sustainability, environmental limitations, and the economic effects of domestic biological leftovers led to advanced studies into emergent approaches to decrease waste related to food and enhance proper leftover treatment techniques (Patra et al., 2019; Murugesan et al., 2023). Consequently, it is advisable to implement feasible and cost-effective steps to reduce food leftover and progress improved kitchen domestic waste management techniques that are likely to support worldwide supply chain administration (Gustavsson et al., 2011; Kim et al., 2012; Ghosh et al., 2015). By estimating the efficacy and cost-effectiveness of kitchen domestic waste, these techniques strive to decrease the tons of trash in landfill areas (Chaudhry et al., 2008; Murugesan et al., 2023).
The present study is focused on the biosynthetic pathway of the AgNPs along with various characterization techniques. The fabrication of AgNPs using vegetable leftovers and the formation of silver nanoparticles is a novel combination (Yang et al., 2014; Pudake et al., 2019). Vegetable-based composite materials are being used to build sustainable synthetic AgNPs, which is gaining interest as it is less expensive, and they are considered to be environmentally beneficial because of negligible usage of harmful chemicals (Kim et al., 2012; Tavakoli et al., 2015; Annu et al., 2018).
The existence of antioxidant and antibacterial properties in the plant extract is considered to be the basis for its use as a stabilizing agent. Kitchen waste contains a wide variety of components. The outermost peels of vegetables and fruits that are usually disposed of in the garbage contain a number of essential compounds. These components could be utilized as raw materials to create AgNPs, which may be an excellent approach to managing peel (Patra and Baek, 2016). The fruit and vegetable peels contain polyphenol complexes that are a quarter more abundant than in their fleshy parts (Gorinstein et al., 2001; Soong and Barlow, 2004; Lara et al., 2009; Lateef et al., 2016). AgNPs that are produced biologically have been discovered to be more effective, profitable, and sustainable (Kokila et al., 2015; Chung et al., 2016). Potato (Solanum tuberosum) is the most common crop consumed worldwide. However, the peel is usually discarded as waste, which constitutes a major fraction of kitchen waste. The peels and spoiled potatoes constitute the majority of the potato manufacturing waste products globally. Potato peels are traditionally utilized as animal feed. Potato peels contain large quantities of compounds that possess antiseptic, antibacterial, anti-inflammatory, antiapoptotic, and antioxidant properties. Bioactive components found in phenolic acids like gallic acids, which are helpful in antioxidant activities, are found in potato peels (Tripathi and Sirohi, 2016). The major chemical constituents in potato peel extract that contribute to its antimicrobial properties are caffeic, chlorogenic, and neochlorogenic acids (Gebrechristos et al., 2020). Additionally, higher lipid content and other bioactive ingredients in potatoes point to the eco-friendly synthesis of nanoparticles for human use. The biosynthesis of silver nanoparticles in various sizes and shapes has been explored so far using several forms of potatoes, including tubers, starches, peels, and steroidal alkaloids (Wasilewska et al., 2023). One of the studies reported the fabrication of plant-mediated silver nanoparticles using various plant part extracts, including potato extract, and evaluated their antimicrobial activities. The best antibacterial properties were shown by nanoparticles synthesized from potato extract. Wolny-Koładka et al. (2022) reported the generation of AgNPs and AuNPs based on potato peel and inedible parsley stem extract. Gold and silver nanoparticles are synthesized by reducing and capping potato peels. According to SEM results, the synthesized gold and silver nanostructures were spherical in appearance and ranged in size from 10 to 20 nm for AuNPs and 20–40 nm for AgNPs (Pirathiba and Dayananda, 2021). In another study, starch nanoparticles were extracted from potato peel using the novel, straightforward procedure. Starch nanoparticles are extracted from potato peel using the conventional alkali extraction process, accompanied by an ultrasonic procedure. The evaluation of the antioxidant action yields encouraging findings (Hasanin, 2021). In one study, authors reported the synthesis of magnetic nanoparticles using potato tuber extract and its application in the removal of methylene blue from wastewater (Buazar et al., 2016). Potato tuber extract is rich in starch and was utilized as both a means of reducing and a stabilizing coating on produced ZnO nanoparticles. ZnO nanoparticles were hexagonal with a dimension of approximately 20 ± 1.2 nm (Buazar et al., 2015). Another research group investigated the fabrication of gold nanoparticles using potato starch. They identified that synthesized gold nanoparticles are spherical and uniformly distributed, with typical sizes of 17.5–23.5 nm (Castillo-López and Pal, 2014). Among the numerous methods for treating wastewater (Christensen et al., 2015), the process using nanoparticles synthesized from peels that oxidize the organic waste completely is a consistent, highly responsive, and economic method (Alharthi et al., 2020; Dhanker et al., 2022; Shittu et al., 2022). Different parts of potatoes have been used for synthesizing the nanoparticles. However, no significant evidence of antibacterial and wastewater purification properties of potato peels is identified. Therefore, the purpose of the current research was to create and analyze AgNPs synthesized from the potato peel extract (Solanum tuberosum) and evaluate its antibacterial and wastewater purification potential.
2 MATERIALS AND METHODS
2.1 Collection of potato peels
Peels of potatoes (Solanum tuberosum) were gathered from the kitchen vegetable wastes. To get rid of impurities and dust, it was thoroughly washed with tap water three to four times before being rinsed with distilled water. The cleaned peels were shade-dried in order to eliminate moisture.
2.2 Preparation of peel extract
The dried-out potato peels were processed into powder form and stored in containers until further use. A measure of 30 g of powdered peels was boiled for 40 min at 60°C in 300 mL distilled water to prepare plant extract, as shown in Figure 1. It was then stored in a cool and dark place without disturbing for 3 h. To separate the aqueous peels from the extract, the boiled liquid was filtered through a Buckner funnel using a filter paper (Whatman filter paper no. 1) and a vacuum pump. The obtained extract was stored at 4°C in flasks until further use.
[image: Figure 1]FIGURE 1 | Steps of processing of potato peels and the synthesis of silver nanoparticles. (A) Dry tuber peels of Potato (Solanum tuberosum); (B) extraction of potato peel; (C) preparation of silver nanoparticles by combining 1.0 mM silver nitrate solution; (D) potato peels (Solanum tuberosum) extract and (E) color variation, as detected before and after the incubation period throughout the synthesis of silver nanoparticles.
2.3 Synthesis of silver nanoparticles
A volume of 1 mM of silver nitrate (AgNO3) aqueous solution was prepared according to the requirement for generating AgNPs. For reducing silver to silver ions, 50 mL of aqueous solution of AgNO3 was added to 1.5 mL of peel extract. The mixture was boiled for 30 min at 65°C, followed by incubation for 24 h at room temperature. The color of the solution changed from pale yellow to dark brown (Figure 1E), which confirmed the formation of AgNPs. Before being kept in water, the obtained solutions were periodically rinsed with distilled water after centrifugation at 3,000 rpm for 10 min.
2.4 Characterization of silver nanoparticles
2.4.1 Visual examination
Based on color shifts, the incubated extracts of potato (Solanum tuberosum) peel demonstrated the synthesis of AgNPs.
2.4.2 UV-vis spectroscopy
As a validation of the fabrication of nanoparticles, the generated AgNPs from potato (Solanum tuberosum) peels were studied after 24 h for the optical dimensions using a UV-visible spectrometer (Ocean Insight HR 2000+ high-resolution spectrometer). The scan was carried out with a resolution of 1 nm and a frequency range of 200–800 nm. A 1-cm quartz crystal cuvette was used to record the UV-visible spectrum, with dual purified water acting as the blank reference.
2.4.3 Field emission scanning electron microscopy (FESEM)
The FESEM technology was applied to examine the structural characteristics of the generated AgNPs. The technique was also used to determine the measurement, structure, and external morphology of AgNPs. The micrographs from the JSM-7001F model were obtained by field emission scanning electron microscopy. The extracted sample was gently dropped on coverslips and dried out. The sample was then sputtered with gold in order to generate the images by observing it under FESEM.
2.4.4 X-Ray diffraction (XRD)
The X-ray diffraction technique was cast off to analyze the crystal assembly of metallic AgNPs. The Rigaku SmartLab X-ray diffractometer was used to evaluate the XRD pattern. The diffraction intensities between the 20 and 800 2θ angle regions were studied.
2.4.5 Attenuated total reflection-infrared (ATR-IR) spectroscopy analysis
With the support of Shimadzu IRSpirit and ATR-IR Spectroscopic methods, the influence of functional groups on the stabilization (reduction) and synthesis of silver nanoparticles obtained from the potato peel extracts was analyzed.
2.4.6 Evaluation of antibacterial activity
2.4.6.1 Test materials
The test materials used for the antibacterial activity of AgNPs were potato peels (Solanum tuberosum). For the positive control, the antibiotic ciprofloxacin (powder) was purchased from Sigma-Aldrich. Cation-adjusted Mueller–Hinton agar powder M173 was obtained from HiMedia.
2.4.6.2 Microorganisms
Appropriate bacterial strains of Escherichia coli (25922) and Staphylococcus aureus (25923) from the American Type Culture Collection (ATCC) were employed for the antibacterial evaluation.
2.4.6.3 Disc diffusion assay
The bacteria were separately cultivated overnight in an incubator shaker (200 rpm) at 37°C for the exponential growth stage in freshly prepared cation-adjusted Mueller–Hinton broth (CaMHB). The Gram staining technique was used to detect cultures after incubation, and its optical density (OD) was modified to obtain 107 CFU/mL. By combining 3.2 mg of the test substance in 1 mL of DMSO, an ideal master stock (MS) solution of 3,200 mg/mL was obtained. The MS 3.2 mg/mL was diluted two-fold to get the concentrations of 32, 16, 8, and 4 μg/mL. The disc diffusion method was performed. For the negative and positive controls, 10 μL of the vehicle and ciprofloxacin concentrations of 0.125 μg/mL, 0.25 μg/mL, and 0.5 μg/mL were added to pre-labeled respective discs. Discs were made of test compounds, and discs made of vehicle and ciprofloxacin were placed onto the MHA plates with the lawn of E. coli and S. aureus. The plates were then incubated at 37°C for ∼24 h. After incubation, plates were examined for zones, and zone diameter (mm) was estimated. Finally, the zone of inhibition (ZOI) was measured and recorded.
2.4.7 Wastewater collection and analysis
2.4.7.1 Water collection and storage of water samples
The industrial wastewater was collected from the Ecosystem Ecology Research Unit, Department of Environmental Science, Central University of South Bihar, Gaya, Bihar. To eliminate the macroparticles and other suspended waste materials, the obtained samples of water were then passed through Whatman paper filters (No. 1). The filtered samples were stored at 10°C.
2.4.7.2 Wastewater treatment by potato peel-synthesized AgNPs
A measure of 100 mL of the filtered wastewater was treated with 10 mg of synthesized AgNPs for 6 h under laboratory conditions. The wastewater samples were then analyzed to study various physio-chemical parameters like pH, total dissolved solid (TDS), ammonia, biochemical oxygen demand (BOD), and chemical oxygen demand (COD). The pH of the water samples was tested using a Meter Systronics—361 pH meter. Total dissolved solids were estimated by following IS: 3025 (Part 16). Chemical oxygen demand (COD) was estimated by the titrimetric method. Biological oxygen demand was measured with an aid of blank and sample burette readings and a known concentration of the standard solution. The ammonia content in the wastewater (before and after treatment) was tested using the Compact Ammonia Duo (portable turbidity and ammonia combined kit) obtained from Palintest-Water Analysis Technologies.
2.5 Statistical analyses
Differences in water quality parameters of wastewater before and after treatment were tested through One way ANOVA, whereas the post-incubation zone of inhibitions (diameter mm) was tested using the Kruskal–Wallis test. All the data analyses were carried out using Microsoft Excel and SPSS-26.
3 RESULTS
3.1 Synthesis of AgNPs
Nanoparticles were generated by compounding 50 mL of 1 mM silver nitrate solution with 1.5 mL of aqueous potato (Solanum tuberosum) peel extract. The shift in color demonstrated that a decrease in silver ions was responsible for the synthesis of AgNPs.
3.2 UV-vis spectral analysis
The point of origin of the particle surface plasmon resonance absorption was determined using UV-visible spectroscopy. The UV-vis spectra of the biosynthesized nanoparticles at 1 mM exhibit significant points in the visible array ranging from 200 to 800 nm for the potato (Solanum tuberosum) peel extract, confirming the formation of the silver nanoparticles. The extreme captivation peak for potato (Solanum tuberosum) was observed at 441 nm (Figure 2), which also occurred as a result of the excitation caused by plasmon resonance in the nanostructures of a particular color (light to dark brown).
[image: Figure 2]FIGURE 2 | UV-Vis. spectrum study maximum absorbance at 441 nm for potato (Solanum tuberosum).
3.3 Field emission scanning electron microscopy (FESEM)
The surface characteristic, properties, and structure of the biosynthesized AgNPs were examined by field emission scanning electron microscopy (FESEM). The resulting FESEM demonstrates that spherical AgNPs were seen without any aggregation as shown in Figure 3. The FESEM images depict the abundance of AgNPs produced by the peel extract. In the case of potato peels, the AgNP dispersion was excellent. In addition, the size of the nanoparticles, in accordance with their distribution, ranged widely from 30 to 50 nm. The investigational parameters and the premeditated reducing/capping agent affected the dimensions, form, and dispensability of NPs (Sharma et al., 2020). The uniform tentative parameters were maintained in the current study.
[image: Figure 3]FIGURE 3 | Field emission scanning electron microscopy (FESEM) of synthesized silver nanoparticles for potato (Solanum tuberosum) peels.
3.4 X-Ray diffraction (XRD)
The X-ray diffraction (XRD) investigations of the generated AgNPs are shown in Figure 4. Investigating the XRD arrangement is an excellent procedure for assisting the synthesis of nanoparticles as it provides data on physical arrangements and the breach between the particles. In the case of potato peels, the peaks were observed at 38.22°, 43.300, and 76.500, which correspond to various (111), (200), and (311) Bragg’s reflections. These values were consistent with JCPDS. These findings suggested that face-centered (FCC) and cubic-structured silver nanoparticles are fabricated using green manufacturing standards. The crystallite size was calculated using Scherrer’s equation formula, D = kλ/β cos, which was used to regulate the size of the silver nanoparticles. The crystallite size of AgNPs ranged from 20 to 70 nm on average. The XRD patterns were a reliable vast amount of information relating to the cubic arrangement of silver nanoparticles demonstrating the production process.
[image: Figure 4]FIGURE 4 | X-ray diffraction (XRD) characterization of silver nanoparticles generated from potato peels (Solanum tuberosum).
3.5 Attenuated total reflection-infrared (ATR-IR) spectroscopy analysis
ATR-IR spectroscopy analysis was used to identify the functional groups of silver nanoparticles produced through biosynthesis that are primarily responsible for converting Ag+ to Ag0 (Figure 5). The ATR-IR spectra of potato peels displayed maxima at approximately 1,318 cm−1, 1,644 cm−1, 1,969 cm−1, 2,198 cm−1, and 3,305 cm−1 that can be attributed to various groups, such as sulfoxides and sulfates (S=O). Alkenes (C = C) and amide (C=O) revealed a peak at 1,644 cm−1, while allenes (X = C = Y), ketenes, and isocyanates showed vibration at 1,969 cm−1. The band at 2,198 cm−1 corresponded to the alkyne group, whereas the band at 3,305 cm−1 corresponded to alcohol (OH) and phenol groups.
[image: Figure 5]FIGURE 5 | Attenuated total reflection-infrared spectroscopy (ATR-IR) spectra from 400 cm−1 to 4000 cm−1 of silver nanoparticles generated from potato peels.
3.6 Antibacterial activity
The disc diffusion method was used to assess the antibacterial activities of silver nanoparticles against Gram-negative bacteria Escherichia coli (E. coli) (ATCC 25922) and Gram-positive bacteria Staphylococcus aureus (S. aureus) (ATCC 25923). The silver nanocomposites synthesized in the present study showed antibacterial activity on both types of bacteria (Figure 6). Many previous studies asserted that a significant portion of this result can be attributed to the strong affinity of silver for sulfur in bacterial thiol proteins (Stewart et al., 2012).
[image: Figure 6]FIGURE 6 | Antibacterial activity of AgNPs against Escherichia coli (E. coli) (A) and Staphylococcus aureus (S. aureus) (B) with positive control ciprofloxacin (C, D).
Figure 7 indicates that AgNPs worked better against E. coli than S. aureus. The diameters of the inhibitory zones for both bacterial species are shown in Table 1. The activity of AgNPs against E. coli displayed a substantially larger zone of inhibition than S. aureus (Figure 7). The potato (Solanum tuberosum) peel-generated AgNPs showed concentration-dependent ZOI against E. coli (ATCC 25922), and the diameters of ZOI at various concentrations of 32, 16, 8, and 4 μg/mL were 67.3 mm, 39.3 mm, 23.4 mm, and 15.3 mm, respectively. The diameters of concentration-dependent ZOI against S. aureus (ATCC 25923) at concentrations of 32 and 16 μg/mL were 13.2 mm and 6.3 mm, respectively. ZOI of antibiotic ciprofloxacin against E. coli (ATCC 25922) showed concentration-dependent ZOI, and the diameters were 41.8 mm, 58.4 mm, and 72.4 mm at various concentrations of 0.125 μg/mL, 0.25 μg/mL, and 0.5 μg/mL, respectively. ZOI of ciprofloxacin against S. aureus (ATCC 25923) showed concentration-dependent ZOI, and the diameters were 14.5 mm, 21.3 mm, and 27.5 mm at concentrations of 0.125 μg/mL, 0.25 μg/mL, and 0.5 μg/mL, respectively. Therefore, this study indicated that Gram-negative bacteria like E. coli have been found to be more susceptible to AgNPs than Gram-positive bacteria such as S. aureus. Previous investigations also evaluated the substantial antimicrobial potential of peel-based silver nanoparticles against E. coli (Haniff Nisha et al., 2015; Sharma et al., 2016; Yadav et al., 2017; Baran et al., 2021).
[image: Figure 7]FIGURE 7 | The Zone of inhibition of Escherichia coli and Staphylococcus aureus, as a function of AgNPs concentration.
TABLE 1 | ZOI of potato (Solanum tuberosum) and ciprofloxacin against Escherichia coli and Staphylococcus aureus.
[image: Table 1]3.7 Wastewater treatment potential of potato peel-synthesized AgNPs
The values of important water quality parameters of wastewater before and after treatment with AgNPs are provided in Table 2. Post-application of AgNPs, the final concentration of TDS, COD, BOD, and ammonia was significantly reduced. Figure 8 shows a summary of potato-derived AgNP-mediated reduction in pollution. Silver nanoparticles tend to reduce BOD from 46 mg/L to 12 mg/L and COD from 388 mg/L to 66 mg/L when added to wastewater. The removal efficiency was thus determined to be 73.91% for BOD, and 82.98% for COD (Figure 8).
TABLE 2 | Values of water quality parameters of wastewater before and after treatment with green-synthesized silver nanoparticles from the potato (Solanum tuberosum) peels.
[image: Table 2][image: Figure 8]FIGURE 8 | The physicochemical parameters of wastes water before and after treatment through potato-peels derived AgNPs.
4 DISCUSSION
The generation of silver nanoparticles (AgNPs) utilizing kitchen waste is referred to as sustainable nanoscience technology, which has the potential to be environmentally benign. AgNPs exhibit a yellowish-brown appearance in an aqueous solution because of the plasmon resonance activity (Pudake et al., 2019; Xing et al., 2021; Deepa and Dhanker, 2022). Several researchers have gradually put forth a multitude of excellent methods for synthesizing nanomaterials (Pericival et al., 2007; Mata et al., 2009; Yadav et al., 2017; Yadav et al., 2018; Xing et al., 2021). Biopolymers make a substantial contribution toward the reduction of nanoparticles (Sharma et al., 2020; Murugesan et al., 2023). Vegetable peel extracts used to generate AgNPs contain phytochemicals (Azam et al., 2012; Arunachalam et al., 2013). However, additional extensive study is required to yield results that are more likely to be realistic and advantageous for the advancement of mankind and a protected environment. The antibacterial characteristics of AgNPs synthesized from leftover vegetable and fruit peels against both kinds of bacterial strains (Gram-positive and Gram-negative) have been reported in many studies (Tripathi and Sirohi, 2016).
The inclusion of peptide groups serves as a capping agent, improving the stabilization of AgNPs (Rodriguez et al., 2013). Utilizing the ATR-IR study, the functional groups of green-synthesized AgNPs, which are primarily accountable for the reduction of Ag+ to Ag0, were determined. The ATR-IR spectra of potato peel exhibited maxima for various groups, such as amide (C = O). Rendering to the consequences of the ATR-IR analysis, it is likely that the phytochemicals as well as certain proteins in potato peel extracts are responsible for stabilization and capping of the nanomaterials. Potato peels contain a considerable number of active components, such as cellulose, vitamins, and phenols (Rajarathinam et al., 2014; Gebrechristos et al., 2020; Rodríguez-Martínez et al., 2021). These naturally occurring substances are comprehensively recognized as bioactive substances with considerable antioxidant and antibacterial properties (Akyol et al., 2016; Yadav et al., 2017; Gebrechristos et al., 2020; Joshi et al., 2020; Rodríguez-Martínez et al., 2021).
Silver nanoparticles are considered to have antibacterial properties (Yadav et al., 2017; Baran et al., 2021). AgNPs were utilized in a variety of medical applications as an antibacterial agent (El-Rafie et al., 2012; Ibrahim, 2015). The present study convincingly suggested that AgNPs synthesized from potato peels have antibacterial potential against both Gram-positive and Gram-negative bacteria, and this can be considered an additional source of income from potato wastes. It has been revealed that AgNPs generated from other parts of potatoes, such as peels, tuber, and starch, are cytotoxic to Gram-negative bacteria (Vigneshwaran et al., 2007; Yadav et al., 2017; Xing et al., 2021; Wasilewska et al., 2023). The present study indicated that Gram-negative bacteria like E. coli have been found to be more sensitive to potato peel-generated silver nanoparticles than Gram-positive bacteria such as S. aureus. Wasilewska et al. (2023) explicated the synthesis of plant-mediated AgNPs using various plant extracts, including potato tuber extract, and assessed their antimicrobial properties against Staphylococcus aureus, Bacillus cereus, Escherichia coli, and Candida krusei. Their study demonstrated that AgNPs synthesized from potato extract have the strongest antimicrobial effects among white onion, radish, garlic, red pepper, orange, and apple. Apart from the nanoparticle’s various characteristics, antibacterial properties against Gram-negative bacteria such as E. coli and Gram-positive bacteria such as S. aureus showed that potato peel extract-based nanomaterials can function as strong antimicrobial agents. Moreover, another investigation carried out by Wolny-Koładka et al. (2022) highlighted the potato peel- and edible parsley stem extract-mediated synthesis of silver nanoparticles. By using a non-toxic base obtained from plant waste biomass, the research conducted in this study supports the idea that nano-silver with good physicochemical properties has potent antimicrobial properties against bacteria like E. coli and S. aureus isolated from surfaces of public utilities. Pirathiba and Dayananda (2021) conducted the biosynthesis of AgNPs by reducing and capping potato peels. It was observed that both E. coli and Streptococcus mutans bacterial species were sensitive to the ecologically produced silver nanoparticles. In our study, wastewater was treated with AgNPs. We found that the final concentration of TDS, COD, BOD, and ammonia was much lower after the application of AgNPs, and the pH range increased. When added to wastewater, silver nanoparticles typically reduced BOD from 46 mg/L to 12 mg/L and COD from 388 mg/L to 66 mg/L. Hence, it was established that the removal efficiency was 73.91% for BOD, and 82.98% for COD. This showed that green-synthesized AgNPs from potato peels have a greater efficiency to purify wastewater.
5 CONCLUSION AND FUTURE PERSPECTIVES
For economic expansion and alleviating poverty, optimum utilization of food wastes needs to be explored in the light of Sustainable Development Goals 2030. The current research established an ecologically acceptable method of generating AgNPs from potato peels from leftover kitchen wastes, which are considered zero value materials. Potato peels were utilized to generate AgNPs with a size of nearly 20–60 nm. Peels from kitchen leftovers serve as reductants in this context. The UV-visible analysis showed the maximum spectra for AgNP biosynthesis at 441 nm for potato. The nanoparticles produced through biosynthesis were spherically symmetrical according to the FESEM micrograph image analysis. To identify potential functional groups that are involved in the formation of nanoparticles, an ATR-IR investigation was conducted. The peel extract contains phytochemicals and bioactive compounds that may contribute to the production, capping, and stability of the nanoparticles. From the present results, we conclude that potato peel-derived AgNPs have excellent antibacterial properties. The comparative effective bactericidal activity of AgNPs can be further verified by broadening this research to examine a wider variety of microbial strains. Food waste is a serious problem that keeps getting worse. Peel and leaf parts of potatoes are wastes that can be utilized to generate AgNPs which have the potential to provide a cost-effective and ecologically advantageous alternative for wastewater treatment and anti-pathogenic agents acting as a linkage between agriculture and industries. AgNPs are employed in a diverse range of industries. The synthesis of AgNPs from potato wastes will support the management of food waste, which in turn will help resolve environmental issues and minimize waste, hence boosting the agrarian economy in developing countries and opening an alternative path for sustainable economic growth. This work will facilitate an environmentally friendly and cost-effective route to material production.
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