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A huge amount of food waste is being generated every day globally. Usually, India generates ∼350 million tons of food waste every year. Therefore, there is an urgent need to initiate research focusing on the management and hygienic methods of reuse of food waste together with advanced user-friendly methods of converting it into some useful products thereby generating wealth from food waste. A promising approach seems to biosynthesize silver nanoparticles (AgNPs) from such unutilized food. An alternative clean technology does not rely on the use of toxic chemicals and solvents. It is commonly allied with traditional nanoparticle synthesis processes. In the present work, the peels of two vegetables, pea (Pisum sativum) and bottle gourd (Lagenaria siceraria), were used to generate AgNPs. AgNPs were obtained by dissolving 1.5 ml of the peel extract of each vegetable in 50 ml of silver nitrate (AgNO3) and incubating for 24 h at room temperature. For the confirmation of AgNP production UV–visible spectroscopy was used. Field Emission Scanning Electron Microscopy (FESEM), X-ray diffraction (XRD), and attenuated total reflection-infrared spectroscopy (ATR-IR Analysis) were used to characterize them. Furthermore, AgNPs in different concentrations were used to test antibacterial activity against bacteria Escherichia coli through the disc diffusion method. Thus, our research indicates that AgNPs can be a safe and environmentally beneficial production technology from unutilized vegetable wastes that may play an important role in the management of food waste in the future and has antibacterial potential to preserve vegetables from bacterial contamination.
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1 INTRODUCTION
Since the most recent period, the discovery of a sustainable and eco-friendly biochemical approach and synthesizing methodology for generating silver nanoparticles (AgNPs) have received considerable attention (Shankar et al., 2004; Bhattarai et al., 2018). Nanostructures are a relatively new feature of science and technology concerned with the fabrication and modification of molecular arrangement on the nanoscale dimension. Pharmacology—therapeutic administration, electromechanical, biological sensors, cosmetology, optic energy, agricultural regions, scanning, and many more are all progressively being associated with nanoparticles (Ahamed et al., 2010; Xing et al., 2021). Kitchen-generated biodegradable matter was not considered a substantial material a few years back (Baiano, 2014; Annu et al., 2018). Recent concerns about the nutrition, conservation, ecological constraints, and socioeconomic consequences of kitchen organic waste have boosted research into creating alternatives to overcome food waste and encourage appropriate waste disposal strategies (Kantor et al., 1997; Patra and Baek, 2016). As a result, effective and economic measures in order to reduce food waste and establish improved food waste utilization strategies that can help with global supply chain planning are acceptable (Gustavsson et al., 2011; Ghosh et al., 2015; Carmona-Cabello et al., 2018). The goal of these strategies is to quantify the efficiency and benefits produced from kitchen household waste, reducing the quantity of the garbage that ends up in landfills (Chaudhry et al., 2008).
The present article highlights the biosynthesis and different characterization methods of AgNPs. The manufacturing of AgNPs from vegetable wastes and silver nanoparticle synthesis is a one-of-a-kind blend (Madhumitha et al., 2011; Kim et al., 2012; Yang et al., 2014). There is an emergent interest in green-synthesized AgNPs by utilizing vegetable-based composites since they are economically efficient, do not require the use of harmful chemicals, and are deemed environment friendly (Vigneshwaran et al., 2007; Tavakoli et al., 2015). The plant extract reacts as a stabilizing agent attributed to the presence of antioxidant and antibacterial activities. A considerably large variety of compounds can be identified in kitchen wastes. Therefore, silver nanostructures have captivated the interest of researchers because of their exceptional properties (Ram et al., 2014). A number of beneficial substances are found in the outer peels of fruits and vegetables which are commonly discarded as garbage. These materials could be used as raw resources for the synthesis of AgNPs, which can be an effective strategy of food waste management (Patra and Baek, 2016). Fruit and vegetable peels have 15% more phenolic compounds than their pulp (Gorinstein et al., 2001; Soong and Barlow, 2004). Improved efficiency, productivity, and sustainability have been reported in biologically synthesized AgNPs (Chung et al., 2016). AgNPs are the potential candidates for inhibiting the growth of the bacteria indicating a promising approach for preserving vegetables and fruits (Carmona-Cabello et al., 2018; Dhanker et al., 2021). The objective of the present research article was to synthesize and characterize AgNPs from peels of two vegetables: pea (Pisum sativum) and bottle gourd (Lagenaria siceraria), and to compare their antibacterial activities. A graphical representation about the synthesis of AgNPs, characterization and its antibacterial activity from the peels of pea (Pisum sativum) and bottle gourd (Lagenaria siceraria) has been shown in Figure 1.
[image: Figure 1]FIGURE 1 | Graphical representation about the synthesis of silver nanoparticles, characterization and its antibacterial activity from the peels of pea (Pisum sativum) and bottle gourd (Lagenaria siceraria).
2 MATERIALS AND METHODS
2.1 Materials
Vegetable peels of pea (Pisum sativum) and bottle gourd (Lagenaria siceraria) were collected from the kitchen. It was washed 2–3 times with tap water and rinsed in deionized water to remove impurities and dust. The washed peels were shade-dried out until the moisture was removed.
2.2 Preparation of peel extract
The dried vegetable peels of pea (Pisum sativum) and bottle gourd (Lagenaria siceraria) from kitchen waste were grinded to get a coarse powder and stored in containers for the synthesis of silver nanoparticles (AgNPs). For the preparation of the plant extract, 30 g of the powdered peels was boiled at 60°C in 300 ml deionized water for 40 min. Then, it was left undisturbed for 3 h. After 3 h, the color of the aqueous solution shifted from colorless to yellow after boiling. The boiled content was filtered by utilizing the Buckner funnel with an aid of a vacuum pump and Whatman filter paper no. 1 to separate the aqueous extracts. The collected aqueous extracts thus formed were stored in Borosil glass flasks at 4°C until the next use has been shown in Figure 2.
[image: Figure 2]FIGURE 2 | Dried vegetable peels of pea (Pisum sativum) (A) and bottle gourd (Lagenaria siceraria) (B) and the extraction of both vegetable peels (C,D).
2.3 Synthesis of silver nanoparticles
For the fabrication of AgNPs, 1 mM silver nitrate (AgNO3) in an aqueous solution was formed. 1.5 ml of the peel extract was added to 50 ml of the aqueous solution of AgNO3 for the reduction of silver-to-silver ions. The solution was boiled for 30 min at 650C. It was held at room temperature for a 24 h incubation period. The formation of AgNPs was confirmed by a color change from light yellow to dark brown in the vegetable peels which has been shown in Figures 3, 4. The obtained solutions were centrifuged at 3,000 rpm for 10 min and rinsed with deionized water multiple times before being stored in water.
[image: Figure 3]FIGURE 3 | Formulation of silver nanoparticles with pea (Pisum sativum) (A) and bottle gourd peels (Lagenaria siceraria) (B) extracted with 1 mM silver nitrate solution. Color change observed before and after the incubation period during the synthesis of silver nanoparticles (C,D).
[image: Figure 4]FIGURE 4 | Color changed observed during the synthesis of silver nanoparticles at a constant volume of pea (Pisum sativum) (A) and bottle gourd peels (Lagenaria siceraria) (B) extract with the silver nitrate solution.
2.4 Characterization of silver nanoparticles
2.4.1 Morphological examination
The incubated extracts of both studied vegetable peels were recorded for the synthesis of AgNPs based on the color change.
2.4.2 UV-VIS spectroscopy
The synthesized AgNPs from both vegetable peels were observed after 24 h for their optical measurements regularly through a UV–Vis spectrophotometer (Ocean Insight HR 2000+ high-resolution spectrometer) as a confirmation of the nanoparticle synthesis. The scanning was conducted within the 200–800 nm frequency range at the resolution of 1 nm. Double distilled water was used as a blank reference and UV–visible spectra were recorded using a 1 cm Quartz cuvette.
2.4.3 Field emission scanning electron microscopy
The technique was utilized for examining the morphological appearance of the synthesized AgNPs. It aids in defining the dimension, shape, and surface morphology. With the help of field emission scanning electron microscopy, the micrographs were obtained from the JSM-7001F model. As the prepared biogenic colloidal AgNPs were stored in water, to obtain the images, the samples were drop-casted on a cover slip, dried, and followed by gold sputtering.
2.4.4 X-ray diffraction
Crystalline metallic AgNPs was examined by X-ray diffraction (XRD). The XRD pattern was examined by using the Rigaku smart lab X-ray diffractometer. The diffracted intensities were investigated between the ranges of 20–80° 2θ angles.
2.4.5 Attenuated total reflection-infrared spectroscopy (ATR-IR analysis)
The impact of the functional groups as in stability (reducing) and fabrication of metal nanoparticles contained in the different vegetable extracts was investigated using ATR-IR spectroscopic techniques by using Shimadzu IRSpirit.
2.4.6 Antibacterial properties
Escherichia coli (E. coli) was isolated and maintained as a pure culture in G. D. Goenka University, India. The standard disc diffusion method was used to investigate the antibacterial activity of AgNPs made from the peel extracts of both vegetables against the human pathogenic bacteria E. coli. On nutrient agar plates, 100 μl of fresh overnight cultures were dispersed. Different concentrations of AgNPs were taken for examining the zone of inhibition. Each plate was loaded with five sterile paper discs measuring 6 mm wide, each containing sterile water and varying volumes of AgNPs (2 μl, 4 μl, 8 μl, and 10 μl). The control was then correlated with the inhibition zones (deprived of AgNPs). The Minimal Bactericidal Concentration (MBC) analysis using the control was accomplished.
3 RESULTS
3.1 Synthesis of AgNPs
By combining 1.5 ml of the aqueous extract of the vegetable peels with 50 ml of the 1 mM silver nitrate solution, nanocomposites were synthesized. A change in the color of the mixture into dark brown indicated the formation of AgNPs. The shift in coloration revealed the reduction in silver (Ag) ions resulting in the synthesis of AgNPs.
3.2 UV–VIS spectral analysis
Using UV–visible spectroscopy, the absorption spectra of the different reaction mixtures were examined. The two extracts of pea and bottle gourd peels exhibited distinct peaks in the visible range extending from 200 to 800 nm in the UV-Vis spectra of the biologically synthesized nanoparticles at 1 mM, demonstrating the formation of silver nanoparticles. The maximum absorption peak for pea was observed at 431 nm and for bottle gourd it was observed at 573 nm (Figure 5). The formation of dark brown coloration in the reaction medium indicated the synthesis of AgNPs. Additionally, this happened due to the excitement of plasmon resonance in the nanoparticles having a distinctive color (pale yellow to dark brown).
[image: Figure 5]FIGURE 5 | UV–vis. spectrum analysis for the maximum absorbance at 431 nm for pea (Pisum sativum) (A) and 573 for bottle gourd (Lagenaria siceraria) (B).
3.3 Field emission scanning electron microscopy
Field emission scanning electron microscopy (FESEM) was used to analyze the surface properties and topology of the synthesized NPs. The obtained FESEM micrographs are provided in Figure 6 showing without any aggregation, spherical AgNPs were observed. The large number of AgNPs generated by the peel extracts has been shown in the FESEM images. The distribution of AgNPs is excellent in case of bottle gourd (Lagenaria siceraria) and peas (Pisum sativum). Along with the distribution of the NPs, the size of the nanoparticles also varied for each vegetable peel. For both the nanoparticles, the size varied from 30 to 50 nm. The size, shape, and dispensability of NPs rely on the experimental conditions and on the studied reducing/capping agent (Sharma et al., 2020). In the present study, the experimental conditions were kept constant for synthesis of both nanoparticles whereas the reducing agent (considered plant extracts) was a variable component.
[image: Figure 6]FIGURE 6 | Field emission scanning electron microscopy (FESEM) micrograph of biosynthesized silver nanoparticles for pea (Pisum sativum) (A) and bottle gourd (Lagenaria siceraria) (B).
3.4 X-ray diffraction
The X-ray diffraction (XRD) studies of the manufactured AgNPs have been described in Figure 7. The XRD technique is an exceptional methodology for supporting the fabrication of nanoparticles because it delivers the information about structural configurations and the gap between the particles. The XRD study of silver nanoparticles showed the peak at 38.20° (2θ) which was responsible for (111) for pea peels (Pisum sativum). In the case of bottle gourd (Lagenaria siceraria), the peaks were observed at 38.12°, 44.32°, 64.56°, and 77.40° which are responsible for (111), (200), (220), and (311) Bragg’s reflection, correspondingly. These standards were coordinated with JCPDS file NO. 04-0783. Based on these outcomes, green-manufactured silver nanoparticles are possibly face-centered (FCC) and cubic-structured. The crystallite size of the silver nanoparticles was measured by Scherrer’s equation, which is, D = kλ/β Cosθ. Where D is crystallite size, k is a constant equal to 0.94, λ is the X-ray wavelength (1.54 Ǻ), and β is full with a half maximum of the high-intensity peak (FWHM). The average crystallite size of the AgNPs was found to be 20–70 nm for both. The XRD results were reliable with the abundant deliberated data associated with the cubic symmetry of silver nanoparticles showing that the silver nanostructures were formed.
[image: Figure 7]FIGURE 7 | X-ray diffraction (XRD) characterization of silver nanoparticles for pea (Pisum sativum) (A) and bottle gourd (Lagenaria siceraria) (B).
3.5 Attenuated total reflection-infrared spectroscopy (ATR-IR analysis)
The functional groups of the biosynthesized silver nanoparticles that are mainly responsible for the reducing Ag+ to Ag0 were identified utilizing the ATR-IR analysis (Figure 8). The ATR-IR spectra of pea (Pisum sativum) displays maxima at approximately 1,644 cm−1, 1,964 cm−1, 2,141 cm−1, and 3,305 cm−1 that can be attributed to various groups. (N = H) Amine, (C = C) alkenes, and (C = O) amide have shown a bump at 1,644 cm−1, while allenes (X = C = Y), ketenes, and isocyanates have shown a vibration at 1,964 cm−1, the band at 2141 cm−1 assigned to the Alkyne group, whereas, at 3,305 cm−1 (OH) corresponds to the vibrations of alcohol and phenols. The ATR-IR spectra for bottle gourd (Lagenaria siceraria) have shown that the Amine group’s (C–N) asymmetric stretching showed a bump at 1,141 cm−1. The C = C oscillations or aromatic ring (C = C) correlated to the peak at 1,627 cm−1. (X = C = Y) Allenes, ketenes, isocyanates, and isothiocyanates have shown a vibration at 1,992 cm−1, the band at 2,192 cm−1 assigned to the Alkyne group, whereas, at 3,283 cm−1(OH) for the corresponded vibrations of alcohol and phenols.
[image: Figure 8]FIGURE 8 | Attenuated total reflection-infrared spectroscopy (ATR-IR) spectra from 400 cm−1 to 4000 cm−1 of silver nanoparticles for pea (Pisum sativum) (A) and bottle gourd (Lagenaria siceraria) (B).
3.6 Antimicrobial activity
The antimicrobial property of fabricated AgNPs was investigated using the disc diffusion technique against pathogen Escherichia coli (E. coli). It showed the greatest activity at selected concentrations of AgNPs. Table 1 depicted the maximum zone of inhibition of AgNPs. This meant that AgNPs generated from pea and bottle gourd peel extracts having antibacterial properties against E. coli. The significant antibacterial activity of peel-generated nanoparticles has been examined against E. coli in previous studies also (Sharma et al., 2016; Baran et al., 2021).
TABLE 1 | Zone of inhibition of biosynthesized silver nanoparticles produced by Escherichia coli.
[image: Table 1]4 DISCUSSION
In this study, vegetable peels of pea and bottle gourd were used to demonstrate green synthesis of silver nanoparticles (AgNPs). Thereafter, the effect of these NPs was tested against Escherichia coli (E. coli). Green nanotechnology is a potential and environmental friendly technology in which kitchen household waste can be utilized for the fabrication of AgNPs. In an aqueous medium, AgNPs have a yellowish brown color due to the resonance activity (Shankar et al., 2004). However, the green fabrication of AgNPs from kitchen waste peels is not a modern theory (Xing et al., 2021). Numerous authors have progressively suggested many ideal processes for the generation of nanoparticles (Kemp et al., 2009; Mata et al., 2009; Xing et al., 2021). Similar outcomes have been confirmed by our results also. According to several published reports, natural polymers tend to play a substantial role in the reduction of nanomaterials (Sharma et al., 2020). AgNPs have been synthesized from the extracts of vegetable waste peels containing phytochemicals (Sahu et al., 2012; Arunachalam et al., 2013). However, further large-scale research is needed for more realistic and positive outcomes for the betterment of humankind and a safe environment. AgNPs generated from discarded vegetables and fruits peels have shown antimicrobial properties against both Gram-positive and Gram-negative bacteria as stated in Table 2.
TABLE 2 | Antimicrobial activities of silver nanoparticles synthesized using different fruit and vegetable waste peels.
[image: Table 2]The participation of the polypeptide group acts as a capping agent, which facilitates the stability of silver nanoparticles (Rodriguez et al., 2013). The functional groups of biosynthesized AgNPs that are mainly responsible for reducing Ag+ to Ag0 were identified utilizing the ATR-IR analysis. The ATR-IR spectra of pea (Pisum sativum) displayed maxima at approximately 1,644 cm−1, 1,964 cm−1, 2,141 cm−1, and 3,305 cm−1 that can be attributed to various groups. (N = H) Amine, (C = C) alkenes, and (C = O) amide have shown a bump at 1,644 cm−1. Allenes (X = C = Y), ketenes, isocyanates have shown a vibration at 1,964 cm−1, the band at 2,141 cm−1 assigned to the Alkyne group, whereas, at 3,305 cm−1 (OH) corresponds to the vibrations of alcohol and phenols. The ATR-IR spectra for bottle gourd (Lagenaria siceraria) have shown that the Amine group’s (C–N) asymmetric stretching shows a bump at 1,141 cm−1. The C = C oscillations or aromatic ring (C = C) correlated to the peak at 1,627 cm−1. Allenes (X = C = Y), ketenes, isocyanates, and isothiocyanates have shown vibration at 1,992 cm−1, the band at 2,192 cm−1 assigned to the Alkyne group, whereas, at 3,283 cm−1 (OH) corresponds to the vibrations of alcohol and phenols. As per the observations of the ATR-IR study, it is possible that phytochemicals and specific proteins found in the peel extracts of both vegetable wastes that are responsible for capping and stabilizing the nanostructures. Researchers have found that the peels of both pea and bottle gourd possess significant concentrations of active substances such as cellulose, micronutrients, and phenolic compounds (Naqvi et al., 2021). These natural compounds are well known as bioactive components with significant antioxidant and antibacterial characteristics (Kumar et al., 2015; Obembe et al., 2018; Castaldo et al., 2021) as details have been shown in Table 3.
TABLE 3 | Phenolic acid and flavonoid content in the pea (Pisum sativum) and bottle gourd (Lagenaria siceraria) (Kumar et al., 2015; Obembe et al., 2018; Castaldo et al., 2021; Naqvi et al., 2021).
[image: Table 3]Silver is believed to hold antibacterial qualities (Azam et al., 2012; Baran et al., 2021). AgNPs have in fact been used as an antibacterial agent in a wide range of medicinal applications (El-Rafie et al., 2012). Additionally, it has been found that AgNPs are toxic to Gram-negative bacteria (Azam et al., 2012; Xing et al., 2021). Our study has shown that generated AgNPs are potent antibacteria against Escherichia coli. Numerous researchers have observed similar findings in the kitchen food waste of different vegetable and fruit peels (Percival et al., 2007; Lara et al., 2009; Baran et al., 2021; Xing et al., 2021; Table 2).
5 CONCLUSION AND FUTURE PERSPECTIVES
The present study describes a sustainable and environmentally acceptable process for the production of AgNPs from kitchen-generated peel waste such as from the peels of bottle gourd (Lagenaria siceraria) and pea (Pisum sativum). Our analysis indicated that pea (Pisum sativum) and bottle gourd (Lagenaria siceraria) peels were used to produce AgNPs with a diameter of approximately 30–50 nm. Kitchen waste peels function in this situation as reducing agents. A number of techniques, including UV spectrophotometer, XRD, ATR-IR spectrometry, and FESEM were used to carry out the characterization of nanoparticles. The UV–Vis spectrum exhibited an AgNPs synthesis plasmon maximum absorption at 431 nm for pea (Pisum sativum) and 573 nm for bottle gourd (Lagenaria siceraria). According to the FESEM micrograph image analysis the fabricated nanoparticles were approximately spherical and had an average size of 30–50 nm. The ATR-IR analysis was conducted to identify potential functional groups that are in favor of providing nanoparticles and the stability of their synthesis. The phytochemicals and bioactive molecules included in the peel extract may have a role in the generation, capping, and stabilization of the nanoparticles. Additionally, antibacterial properties were tested against the highly toxic Gram-negative bacterium Escherichia coli. We have inferred from the outcomes that AgNPs generated from the peels of both vegetables have a potent antibacterial capability. Food waste is a major issue that is becoming worse every day. During and after harvesting, a huge amount of food is wasted. AgNPs are a sustainable and environmentally beneficial solution in such scenarios. AgNPs have various uses in multiple sectors. It has the potential to grant alternatives for the well-being of the population. The production of AgNPs from household waste will aid in the management of food wastage and consequently help in resolving challenges with environmental issues and prevent waste. However, determining the complete potential of AgNPs for managing wastage is still a concern for researchers as it creates opportunities for their research in the future.
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