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Abstract

:

This study describes the use of banana peel (BPEs) and date seed extracts (DSEs) as waste products in the sustainable and eco-friendly biological synthesis of zinc oxide nanoparticles (ZnONPs). ZnONPs_BPE and ZnONPs_DSE were characterized using an ultraviolet-visible spectrophotometer (UV-VIS), Scanning (SEM), transmission electron microscope (TEM), X-ray diffraction (XRD), dynamic light scattering (DLS), zeta potential analysis, and Fourier transform infrared (FTIR) spectroscopy. Moreover, the biocompatibility of ZnONPs was analyzed against the normal human skin fibroblast (HSF) cell line. Peaks of UV spectra were 300 nm and 400 nm for ZnONPs-BPE and for ZnONP _DSE, respectively, confirming the ZnONPs’ formation. XRD revealed their hexagonal structure. SEM showed the nanocrystals of ZnONPs_BPE, which are interlinked to one another in a uniform shape, while ZnONPs_DSE appear as large and small chunky crystals. The mean size of ZnONPs_BPE and ZnONPs_DSE was 50 nm and 62 nm using TEM, respectively. On the contrary, their mean size was bigger using DLS with the zeta potential of ZnONPs_BPE = −12.7 mV and ZnONPs_DSE = −5.69 mV. The FTIR analysis demonstrated the presence of carboxyl, hydroxyl, and C–H of cellulose, hemicelluloses, and lignin polymers on ZnONPs surfaces that act as reducing, capping, and stabilizing agents. ZnONPs_BPE (IC50 > 100) have lower cytotoxic effects on HSF cells than ZnONPs_DSE (IC50 = 29.34 μg/mL). The present study indicates the successful synthesis of ZnONPs using agro-wastes that could help in waste management and recycling. Furthermore, ZnONPs_BPE is safe to use for further applications.
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1. Introduction


Currently, zinc oxide nanoparticles (ZnONPs) represent important metal oxide NPs which have gained a scientific spotlight due to their unique characteristics. ZnONPs act as a multi-functional agent capable of catalysis, medicinal effects, antimicrobial effects, UV filtration, photochemical capability, and wastewater remediation [1]. Due to their superior characteristics, ZnONPs are widely used as a sunscreen, food additive, food packaging, dietary supplement, and semiconductor material. In addition, ZnONPs are expected to be used for biomedical applications, such as drug delivery, bioimaging, and anticancer agents [2].



Because of the various exposure routes of ZnONPs, they are mainly absorbed as Zn2+ and concentrated in the human liver, kidney, lungs, and spleen. Excess Zn ions generate reactive oxygen species (ROS), in turn inducing oxidative stress that could be a major toxicological mechanism for ZnONPs in different organs [2]. Therefore, ZnONPs must be synthesized in a safe low-toxic way to be used in consumer products and other applications.



There are different methods that are used in the synthesis of ZnONPs, including biological, chemical, hydrothermal, precipitation, microwave, sonication, and solvothermal methods [3]. Although the physical method gives a pure, uniform size and shape of synthesized NPs and does not use toxic chemicals, its disadvantage includes a high cost, high temperature, and it changes NPs’ physicochemical property, and might need exposure to radiation [4]. The hydrothermal synthesis of ZnO nanoparticles involves using high heat (100–1000 °C) and pressure (1–10,000 atm). Although this method produces good-quality crystals, it is expensive and consumes a large amount of energy in production [3]. The solvothermal method is a widely used technique in ZnONPs because it requires a simple setup, relatively low synthesis temperature, and less expensive equipment. On the other hand, this method has disadvantages such as some of the solvents used being toxic and very expensive [3,5]. The chemical synthesis of NPs represents a high-yielding, cost-effective, highly versatile, less dispersed, thermally stable method of NP production that is capable of controlling NP size; however, it gives low purity, uses toxic chemicals, and in turn is hazardous to human beings and the environment [4].



The biosynthetic (green) routes have more advantages over the conventional, physical and chemical, methods [6]. Plant-derived products represent the essential way for ZnONPs green synthesis with or without temperature and co-precipitation agents [7,8]. Phytochemicals, including quinones, organic acids and flavones, and enzymes found in the plant extract facilitate the reduction/oxidation process of the precursor to ZnONPs [7,9]. A wide variety of plant-derived products have been reported for ZnONPs biosynthesis by various studies such as leaves and peels of Punica granatum [10,11], coffee grounds [11], Menta pulegium [12], Costus woodsonii [13], and Phoenix dactylifera waste [14].



The use of agro-waste residues in green nanoparticle synthesis represents a good selection to minimize waste and achieve sustainable development goals. Worldwide, banana represents one of the most important fruits that occupies the fourth world rank of the most significant foodstuffs after rice, corn, and milk [15]. Banana fruit is rich in vitamins, bio-active compounds, starch (13%), crude fat (3.8–11%), crude protein (6–9%), nutrients (K, P, Ca, Mg), cellulose, hemicellulose, and lignin [16]. Banana peel extract contains different concentrations of secondary metabolites such as polyphenols, alkaloids, flavonoids, and saponins. These phytochemical compounds are responsible for the green synthesis of nanoparticles [17]. Banana peel contains a lot of phytonutrients and phytochemicals such as anthocyanins, carotenoids, delphinidin, cyaniding, alpha-carotene, and catecholamines [18,19].



It has been estimated that 23 million date palm trees (19.16%) are present in Saudi Arabia out of a total 120 million on the planet. Date seeds account for 10% of total fruit production, and about 345,000 tons of date palm (23 million trees × 15 kg/tree) are produced per annum in Saudi Arabia [20,21,22]. Generally, palm date seed waste is disposed of in landfills or burned directly on the farm which results in environmental pollution. On the other hand, they comprise important components including cellulose, hemicellulose, and lignin [22]. Date seeds contain a remarkable number of flavonoids, phenolics, anthocyanins, carotenoids, quinones, and sterols, which make them an excellent plant product for ZnONPs synthesis and stabilization [23,24,25].



ZnONPs represent one of the most utilized nanomaterials in consumer products (food packaging and sunscreens) because of their antibacterial potential and superior efficiency in absorbing ultraviolet radiation. Therefore, there is a need to synthesize ZnONPs in an eco-friendly, simple, and sustainable way and to assess their risk to human health. The main objective of the present study is to investigate the use of agro-industrial wastes, banana peel (BPE), and date seed (DSE) extracts, as stabilizing and capping agents for the ZnONPs synthesis, characterization, and then evaluate their cytotoxicity on human skin fibroblast (HSF) cell lines using an (SRB) assay.




2. Materials and Methods


2.1. Banana Peel (BPE) and Date Seed (DSE) Extracts Preparation


Fresh banana and dried date fruits were purchased from a local shop in Taif governate, Saudi Arabia (KSA). Fruits were washed thoroughly using distilled water prior to their use. The peels of banana fruits were isolated and left covered away from the sun until full dryness (for about 48 h). Dried banana peels were ground using a domestic blender into fine powder. On the other hand, date seeds were collected and ground using a Huge Grinder (ALSAIF-ELEC, Model E03407, 220–240 V, 50/60 Hz, 1200 W, Guangdong, China) (Figure 1).



For each waste product powder, banana peel (BP) and date seed (DS), separately, the following was performed: Each powder was mixed with autoclaved distilled water (with a ratio of 1:10 w/v), boiled for 10 min, filtered, and then cooled down at room temperature for further preparation. Finally, we have obtained banana peel (BPE, pH = 9.91) and date seed (DSE, pH = 6.2) extracts that could be used in ZnO nanoparticle green synthesis.




2.2. Green Synthesis of Zinc Oxide Nanoparticles (ZnONPs)


A total of 95 mL of zinc acetate dihydrate solution 0.01 M Zn(C2H3O2)·2H2O (Sigma-Aldrich, Saint-Louis, MO, USA) was mixed with a volume of 5 mL of each extract, separately. As shown in Figure 1A,B, mixtures were heated with continuous shaking until a color change and powdery precipitates appeared (70 °C, 1 h). For both prepared zinc oxide nanoparticles (ZnONPs), part of them was kept in aqueous form for further ultraviolet-visible (UV-vis) assessment and the rest was transferred to large glass Petri dishes for complete dryness at 60 °C overnight to obtain dry powder for other assessments [11,26].




2.3. Characterization of Prepared ZnONPs


2.3.1. UV–Vis Spectroscopy


The aqueous form of the biologically synthesized ZnONPs_BPE and ZnONPs_DSE nanoparticles was used for UV-vis measurement. The absorption spectra were determined at a wavelength range of 200–800 nm by using a UV–VIS-NIR spectrophotometer (UV-1601, Shimadzu, Kyoto, Japan).




2.3.2. Surface Charge, Morphology, and Size of ZnONPs


Four different techniques were used to determine the size, surface charge, and crystalline shape of the biologically prepared ZnONPs_BPE and ZnONPs_DSE: scanning electron microscopy (SEM), transmission electron microscopy (TEM), dynamic light scattering (DLS), and X-ray diffractometry (XRD). For SEM, the powder of ZnONPs (from both BPE and DSE extracts) was coated with carbon using a Cressington Sputter Coater (108auto, thickness controller MTM-10, UK) for 10 min and then scanned at 20 KV by SEM (JEOL JSM-639OLA, Analytical Scanning Electron Microscope, at Electron microscope unit of Taif University) with magnifications 500× (scale bars = 50 μm), 950× (scale bars = 20 μm), 2000× (scale bars = 10 μm), 2500× (scale bars = 10 μm), 3000× (scale bars = 5 μm), 4000× (scale bars = 5 μm), 5000× (scale bars = 5 μm), and 6000× (scale bars = 2 μm). TEM was used for size measurement, in which images were obtained using a JEOL—JSM-1400 PLUS (JEOL, Tokyo, Japan) at 100 kV. The average size of synthesized ZnONPs was measured from TEM images using ImageJ software. XRD spectra were recorded by CuKα radiation (at 30 kV, and 100 mA) with a wavelength of 1.5406 Å in the 2θ (in the range of 20–80°). The temperature of data collection was 293.00 K. From the X-ray diffraction patterns, the crystalline size was calculated using the Debye–Scherrer equation:


D = Kλ/βcosθ








where K is the Scherrer constant, equal to 0.9;



	
λ is the wavelength of the X-rays used, equal to1.5406 Å;



	
β is the full width at half maximum (FWHM, in Rad); and θ is the angle at which the refraction takes place [27].






Furthermore, 1 mg of each sample was dispersed in 1 mL of deionized water and then sonicated for 10 min before DLS measurement. The prepared particles were analyzed for their particle size and size distribution in terms of the average volume diameters and polydispersity index by photon correlation spectroscopy using particle size analyzer dynamic light scattering (DLS) (Zetasizer Nano ZN, Malvern Panalytical Ltd., Worcester, UK) at a fixed angle of 173° at 25 °C. The same equipment was used for the determination of zeta potential. Samples were analyzed in triplicate.




2.3.3. Fourier Transforms Infrared Spectroscopy (FTIR)


Fourier transforms infrared spectroscopy (FTIR, Agilent technologies, Santa Clara, CA, USA) at wavelength ranges of 450–4000 cm−1 was used to determine the possible functional groups that are responsible for the synthesis and stabilization of ZnONPs.





2.4. Biocompatibility Assay (SRB)


2.4.1. Cell Culture


Human skin fibroblast (HSF) was obtained from Nawah Scientific Inc., (Mokatam, Cairo, Egypt). Cells were maintained in DMEM medium supplemented with 100 mg/mL of streptomycin, 100 units/mL of penicillin, and 10% of heat-inactivated fetal bovine serum in humidified 5% (v/v) CO2 atmosphere at 37 °C.




2.4.2. Cytotoxicity Assay


Cell viability was assessed by sulforhodamine B (SRB) assay. Aliquots of 100 μL cell suspension (5 × 103 cells) were in 96-well plates and incubated in DMEM medium for 24 h. Cells were treated with another aliquot of 100 μL medium containing nanoparticles (ZnONPs_BPE and ZnONPs_DSE, separately) at various concentrations (0.01–100 μg/mL). After 72 h of nanoparticles exposure, the cells were fixed by replacing the media with 150 μL of 10% trichloroacetic acid (TCA) and were incubated at 4 °C for 1 h. The TCA solution was removed, and the cells were washed 5 times with distilled water. Aliquots of 70 μL SRB solution (0.4% w/v) were added and incubated in a dark place at room temperature for 10 min. Plates were washed 3 times with 1% acetic acid and allowed to air-dry overnight. Then, 150 μL of TRIS (10 mM) was added to dissolve the protein-bound SRB stain; the absorbance was measured at 540 nm using a BMGLABTECH®—FLUOstar Omega microplate reader (Ortenberg, Germany) [28,29].






3. Results and Discussion


3.1. Characterization of ZnONPs


3.1.1. Color Change and UV–Vis Spectroscopy of Zinc Oxide Nanoparticles


In the present study, we have used the most common agro-wastes worldwide and in Saudi Arabia, banana peel (BPE) and date seed (DSE) extracts, in ZnONP synthesis. Banana occupies the fourth world rank of the most significant foodstuffs [16]. On the other hand, Saudi Arabia has more than 23 million specimens of palm trees [30]. It was reported that KSA palm date fruit production reached about 1,078,300 metric tons in 2010, which represents 14.4% of the world’s production [31]. Therefore, there is a huge amount of banana peel and date seeds that are discarded in the environment. Those agro-wastes could contribute to environmental pollution if not used in recycling or in any eco-friendly sustainable way. BPE and DSE contain different concentrations of phytochemical compounds that can be used in NPs’ green synthesis. Therefore, the use of those wastes in NP synthesis could help in saving raw materials, reducing environmental pollution, waste management, and helping in the synthesis of safe NPs to be used on a large scale.



Visual observation represents the initial confirmation of ZnONP synthesis in the reaction mixture. Prior to incubation, BPE and DSE extracts have a clear color in distilled water, which changed to dark grey and dark yellow, respectively, after Zn2+ addition, which implies its reduction to ZnONPs, as shown in Figure 1. This was evaluated by UV–Vis spectroscopy in the range of 200–800 nm for the suspended nanoparticles. The UV–Vis spectra of ZnONPs_BPE and ZnONPs_DSE showed a sharp peak at 300 nm (Figure 2A) and a broad peak at 400 nm (Figure 2B), respectively, which is the typical characteristic of ZnONPs and confirmed zinc nanoparticle formation. BPE and DSE extracts contain phenolic phytochemicals and flavonoids that are thought to be responsible for Zn2+ reduction to ZnONPs_BPE and ZnONPs_DSE, which was strongly supported by UV-VIS spectroscopy. Likewise, previous studies reported the same range of absorption peaks for ZnONPs biosynthesis with the aid of different plant extracts (such as Cassia fistula, Melia azadarach, Punica granatum, and coffee waste) [11,32,33]. As described by earlier studies, the difference in the UV wavelength of both synthesized ZnONPs could be attributed to their particle size or the capping of phytochemicals from plant extract [34].




3.1.2. Morphology, Charge, and Size of Zinc Oxide Nanoparticles


The surface morphology of the green-synthesized ZnONPs_BPE and ZnONPs_DSE was studied using SEM, as shown in Figure 3A,B, respectively. The SEM images revealed the presence of nanoparticles’ agglomeration. SEM micrographs showed the nanocrystals of ZnONPs_BPE, which were interlinked to one another in a uniform shape to make large network systems, while SEM images of ZnONPs_DSE showed the formation of large and small chunky crystals of non-homogenized nanoparticles, at different magnifications.



The XRD profiles of ZnONPs_BPE and ZnONPs_DSE showed sharp and distinct peaks of (2θ) 31.7°, 34.4°, 36.2°, 47.5°, 56.6°, 62.8°, 67.9°, and 69.0°, which were indexed as the planes 100, 002, 101,102, 110, 103, 112, and 201 (Figure 4A,B), respectively. These peaks are consistent with wurtzite ZnO according to the Joint Committee on Power Diffraction (JCPD) standards with a card number (36–1451). The XRD pattern revealed the hexagonal lattice structure of the synthesized ZnONPs. On the contrary, other low diffraction peaks could be due to unreacted zinc impurities [35]. The average crystallite size for both ZnONPs_BPE and ZnONPs_DSE was 75.55 nm using the Scherrer equation according to the XRD pattern.



DLS technique was used to determine the hydrodynamic size of synthesized ZnONPs. According to Figure 5, the Z-average size was ZnONPs_BPE = 914.4 nm, ZnONPs_DSE = 2960 nm with a zeta potential of −12.7 mV and −5.69 mV, respectively. On the other hand, TEM images show a smaller size of ZnONPs (Figure 6A,B). The TEM study was conducted to determine the size and crystalline shape of the formed nanoparticles. TEM images of both ZnONPs confirm their spherical shape. The average particle size using TEM images was ZnONPs_BPE = 50 nm and ZnONPs_DSE = 62 nm. From the present data, the TEM analysis revealed a smaller particle size for synthesized ZnONPs in comparison to results obtained from the DLS analysis.



In the present study, we have used four different techniques to detect the size, structure, and surface charge of the synthesized zinc oxide nanoparticles. TEM images and XRD patterns showed that the formed ZnONPs were nanocrystalline structures indicating that the used BPE and DSE extracts are responsible for the synthesis, capping, and stabilization of nanoparticles. This was consistent with previous studies that revealed the crystalline shape of the biologically synthesized ZnONPs using various extracts [11,32]. In addition, the hexagonal nanocrystalline with wurtzite structures of the final product was confirmed by the XRD profile that was in good accordance with a card number (36–1451) of JCPD standards, and other previous studies. The size of ZnONPs_BPE and ZnONPs_DSE have slight differences using TEM (50 nm and 62 nm), but there is a large difference between their sizes using DLS (914.4 nm and 2960 nm, respectively). It is reported that nanoparticle size is inversely proportional to their surface negativity (−12.7 mV and −5.69 mV). Low surface negativity leads to a decrease in repulsion force between particles, causing their aggregation into large particles [36]. Moreover, the differences in capping agents that are found in the used extracts (BPE and DSE) could be responsible for the variation in size between ZnONPs_BPE and ZnONPs_DSE [11]. On the other hand, the non-homogeneous distribution of ZnO nanoparticles could be responsible for the detected larger size of ZnONPs using DLS rather than TEM for the same NPs [36]. Moreover, the pH of the used extract affects the size of the formed ZnONPs. Banana peel extract is an alkaline medium with a pH = 9.91, but date seed extract is an acidic medium with a pH = 6.2. Alias et al. have reported that ZnONP powder agglomerates when synthesized in acidic and neutral conditions (pH 6 and 7), but have smaller sizes when synthesized in alkaline media [37].



In previous studies, TEM analysis determined smaller-sized ZnO nanoparticles synthesized from date pulp waste (30 nm) but larger-sized ZnONPs synthesis from banana peels (345.61 ± 39.24 nm), in comparison to the present study [14,38]. The size of the formed NPs was controlled by different factors during synthesis, such as pH, the concentration of zinc acetate, time, and temperature [38,39].




3.1.3. FTIR Analysis


FTIR can identify the functional groups found in the banana peel and date seed extracts that participated in the ZnONP synthesis and their distribution on NPs surfaces. Figure 7A,B illustrate the FTIR absorption spectra of ZnONPs_BPE and ZnONPs_DSE within the range of 4000 to 450 cm−1.



Figure 7A shows bands and peaks determined by FTIR analysis of ZnONPs prepared with the help of banana peels. Different peaks indicate the occurrence of multiple functional groups on the surface of NPs. The broad peak at 3640 cm−1 is due to the free hydroxyl group of polymeric compounds. Bands appearing at 3313.4 cm−1 and 2920.3 cm−1 were assigned to the OH stretching and C–H stretching of alkane, respectively. The peak around 1700 cm−1 is attributed to C=O stretching vibrations of carboxylic groups or ester (-COOH, -COOCH3). The peak at around 1580 cm−1 is assigned to the N-H deformation of amines. Sharp peaks at 1460 cm−1 and 1364 cm−1–11,248 cm−1 are assigned to the aromatic ring vibration of lignin, C-H bending of crystalline cellulose and hemicelluloses that are found in the banana peel, while weak bands detected at around 800 cm−1–600 cm−1 were attributed to amine groups [40,41,42,43].



The FTIR spectra for ZnONPs_DSE show many sharp peaks. Peaks at 3367 cm−1, 2924 cm−1, and 2855 cm−1 were assigned to O–H stretching vibrations in hydroxyl groups and asymmetric C–H bands in methyl and methylene groups, respectively. Generally, C–H bands in methyl and methylene groups were attributed to cellulose, hemicellulose, lignin, cutin, and waxes found in the date seed extract. The carbonyl C=O group was represented by a peak at 1744 cm−1 due to either the acetyl and uronic ester groups or the ester linkage of carboxylic groups of the ferulic and p-coumaric acids of hemicelluloses or/and lignin. C=C or C=N vibrations of the aromatic groups are assigned at 1616 cm−1. While C=C stretching of the aromatic skeletal mode was present at 1522 and 1437 cm−1, the peak at 1377 cm−1 is due to cellulose’s C–H stretching. The peak at 1246 cm−1 is assigned to C–O–H deformation and C–O stretching of phenolics groups. The sharp peak at 1061 cm−1 represents hemicellulose and cellulose’s C–O stretching vibration. Finally, the peak at 870 cm−1 represents C–H vibrations of cellulose [44].





3.2. Cytotoxicity Assessment of ZnONPs


Nowadays, it is known that ZnONPs are commonly used in biomedical applications, antibacterial agents, sunscreen, dietary supplements, food additives, and semiconductor materials [2,45]. Therefore, it is important to assess their biocompatibility with biological organisms. In the present study, we have evaluated the cytotoxic potential of ZnONPs_BPE and ZnONPs_DSE on HSF cell lines using an SRB assay. As shown in Figure 8, cell viability significantly decreased after 72 h at concentrations of ZnONPs_DSE in a dose-dependent manner. On the other hand, ZnONPs_BPE treatment does not significantly affect cell viability up to 100 μg/mL. To verify cytotoxicity, the NP concentration that causes 50% growth inhibition of a cell line (IC50) was determined. We have reported that ZnONPs_BPE have lower cytotoxic potentials with IC50 > 100 than ZnONPs_DSE (IC50 = 29.34 μg/mL) (Figure 8).



A previous study has revealed that the characteristics of synthesized nanoparticles (size and shape), synthesis methods, and the extract used in capping could affect their cytotoxicity [11]. In agreement with other research articles, biogenic ZnONPs showed high biocompatibility and less toxicity toward normal cells such as normal human HEK-293 cell lines [46] and WI-38 normal lung fibroblast cells [47]. The higher cytotoxic effect of ZnONPs_DSE could be attributed to the type of cell (HSF) that could be sensitive to NPs synthesized using date seed extract. Djaoudene et al. [48] have reported that cell lines such as fibroblast 3T3- L1 are sensitive to DSE at concentrations over 0.25 mg mL−1 using an MTT assay. On the other hand, other studies have reported DSE’s anticancer and antiproliferative potentials in different cancer cell lines [49,50]. These differences may be explained because many studies are performed with purified extracts and not crude extracts as we have done. In addition, the cytotoxic potential of NPs is affected by their size, shape, and surface charge. ZnONPs_DSE exhibited a strong ability to damage the cell membrane of HSF, which in turn caused cell death. ZnONPs_DSE were formed in an acidic medium of the date seed extract (pH = 6.2), which made it more toxic than ZnONPs_BPE (pH = 9.91). Saliani et al. have reported that ZnONPs have a higher toxic effect against bacterial cells (Escherichia coli O157: H7 and Staphylococcus aureus) at acidic pH [51]. Finally, further studies must be conducted to understand the mechanism of action of ZnONPs_BPE and ZnONPs_DSE. In addition, more research studies, such as those concerning antimicrobial and anticancer potential, need to be evaluated for further applications.





4. Conclusions


The present study investigates a cheaper, economical, sustainable, and eco-friendly way to synthesize green ZnONPs using banana peel and date seeds extracts. This way could also help recycle agro-wastes and contribute to waste management. Characterization confirmed their nanocrystalline hexagonal shape. We have reported differences in the shape, size, charge, and, in turn, their cytotoxicity against the normal human skin fibroblast cell line, which could be attributed to the compounds found in the selected extracts. The FTIR technique determined the main functional groups present in BP and DS extracts that are responsible for nanoparticle synthesis, capping, and stabilization. ZnONPs_BPE showed low cytotoxicity against the normal cell line that could be further used in other applications or assessments. This could be attributed to their size, the functional groups that are found on NP surfaces, NP shape, and the surface’s charge. Furthermore, more studies are recommended to determine the cytotoxic mechanism of ZnONPs. Moreover, the antibacterial and anticancer potential of ZnONPs_BPE and ZnONPs_DSE needs to be studied on different cells.
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Figure 1. Schematic illustration of ZnONP preparation using (A) banana peel extract (BPE), and (B) date seed extract (DSE). Created in BioRender.com with agreement number: ZE25G6IWMN, accessed on 4 June 2023. 
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Figure 2. UV-Visible spectral analysis of green-synthesized ZnONPs_BPE (A) and ZnONPs_DSE (B). 
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Figure 3. Scanning electron microscope photos of ZnONPs_BPE (A) and ZnONPs_DSE (B), with different magnifications showing their crystalline shape. 
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Figure 4. XRD patterns of green synthesized ZnONPs_BPE (A) and ZnONPs_DSE (B), showing sharp peaks. Table beside each pattern shows their 2 Theta (2θ). 
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Figure 5. The average size of biologically synthesized ZnONPs_BPE (A) and ZnONPs_DSE (B) using DLS technique, and the charge on their surfaces (zeta potential) (C,D, respectively). 
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Figure 6. TEM images of ZnONPs_BPE (A) and ZnONPs_DSE (B) showing their spherical crystalline shape. Scale bar = 100 nm. 
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Figure 7. FTIR spectra of green synthesized ZnONPs_BPE (A) and ZnONPs_DSE (B), showing their functional groups. 
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Figure 8. Percentage of cell viability of HSF according to serial dilutions treatment of ZnONPs_BPE (A) and ZnONPs_DSE (B) after 72 h. 
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