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Abstract:  
Background: Antibiotic resistance among pathogenic bacteria is a growing global health concern, propting the search for effective and environmentally friendly alternatives to antimicrobial. Silver has been used as an alternative, including in the synthesis of nanoparticles, to treat burns, wounds, and many infections caused by pathogenic bacteria. Objective: This study aimed to biosynthesis silver nanoparticles using Solanum melogena leaf extract and assess their antibacterial activity against selected human pathogens. Methods: Aqueous extracts of Solanum melogena leaves were prepared and reacted with silver nitrate (AgNO3) solution. The formation of silver nanoparticles (AgNPs) was monitored by optical color change and characterized using scanning electron microscopy (SEM), X-ray diffraction (XRD) and Atomic force microscopy (AFM). The antibacterial activity of the synthesized nanoparticles against Escherichia coli and Staphylococcus aureus was tested using the agar well diffusion method. Results: the average size of the synthesized silver nanoparticles was verified to be 37.98 nm, confirming that the y were indeed nanoparticles. The antibacterial activity of the synthesized silver nanoparticles was evaluated against both Gram-positive and Gram-negative bacteria, and they were highly against these pathogens. Main Conclusions: S. melogena leaf extract is an effective green agent for synthesizing antibacterial silver nanoparticles with potential biomedical applications.  
Keywords: Solanum melongena, Antimicrobial activity, Bacteria, Silver nanoparticles.
1- Introduction:
Currently, the most important active research field in modern science is the development of nanotechnology. The next industrial revolution is focused on the development of nanomaterials and the manufacturing processes of nanomaterials particles which measure between 1 to 100 nm in one dimension [1,2]. Their antimicrobial properties, are ease of synthesis, good optical, electrical, catalytic, shape, mechanical stability, magnetically responsive, mercurial, chemically active, easy to engineer to the desired size, porous alongside having a large surface area makes composite silver nanoparticles very useful [3]. In tackling environmental issues, silver and gold nanoparticles (NPs) have proven useful in reducing dependence on herbicides. With special optical properties, these metals seem to be gaining prominence because of their ability to detect pollutants. Another interesting feature of these metals is their ability to exhibit surface plasmon resonance (SPR), which allows colorimetric detection and provides a visual indicator of environmental pollution [4]. In addition, they serve as bacterial disinfectants in medical instruments, for instance, catheters [5,6]. Furthermore, these silver containing medical products are widely utilized in hospital for medical and surgical dressings. Licences for the production of AgNPs have increased demand in the market for plastics, soaps, clothing and creams due to consumer's perception. It is used more by consumers than other nanomaterials due to its antimicrobial properties [7, 8, 9] .
Because the cost of green synthesis of nanoparticles is less than the cost of chemical and physical synthesis it has become the best option for synthesizing nanoparticles. So low-cost pathways of nanoparticles are made using plants and microorganisms. By using biologically modified nanomaterials, the natural research pathway is used to collect inorganic materials of small and infinite length [10]. The main reaction occurs is oxidation or reduction in biosynthesized nanoparticles, which is bottom up approach. The biological method is an alternative to the chemical and physical methods, as it is an environmentally friendly way to synthesize nanoparticles, in addition to that this method does not require expensive, toxic or harmful chemicals. There is great interest in the use of silver AgNP due to the unusual anti-bacterial properties as a special class of biocides [11, 12, 13]. Also, there are numerous Silver composite materials containing AgNP’s as an active antibacterial component [14, 15, 16, 17].
In one step can be done synthesis using biological organisms such as plants, actinobacteria, bacteria, yeasts, molds and algae, or their products. By reducing the molecules of plants and microscopic drugs, such as proteins, enzymes, phenolic compounds, amines, alkalis, and dyes that lead to the formation of nanoparticles [18, 19]. Because plants contain a large group of secondary metabolites that have the potential to oxidize and can be explored for biological synthesis of nanoparticles, where the nanoparticles produced by plants are more stable and the synthesis rate is faster compared to microorganisms. Therefore, plants and plant extracts were the best choice as biological alternatives [20].
In this study, Ag NP was obtained from AgNO3 solutions by preferring the green synthesis method, and the results of the analyzes showed the morphological characteristics of nanoparticles and their anti-bacterial effect.

2. MATERIALS AND METHODS:
Silver nitrate (AgNO3 99.99%) was purchased from a local market. Fresh leaves of Solanum melogena obtained from Iraqi farms within the limits of the city of Baghdad / Iraq.
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Figure 1: Photograph of Solanum melogena leaf
2.1. Preparation of Solanum  melongena  leaf extract :
Washed the leaves thrice with deionized water to avoid fine dust particles on its surface (Figure 2). After washing, leave the leaves to dry for about 15 minutes to remove residual moisture. About 20 grams of finely chopped leaves were boiled with 100 ml of deionized water for 1 hr at 60°C. After boiling, the leaf extract was cooled and filtered with Whatman paper No:1. The filtrate it was used for further analysis (Figure 3 –A).
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Figure 2:  Synthesis of Silver nanoparticles from Solanum melongena leaf extract 
A. Solanum melongena leaf extract; B. Silver nitrate.
C. After addition of silver nitrate.


2.2 Synthesis of Silver Nanoparticles:   
To prepare the silver nanoparticles, silver nitrate (AgNO3) 0.1M (1.698 gm of AgNO3 in 100ml D.W.) aqueous solution was used (Fig. 3-B) for the bioreduction process 5 ml of Solanum melongena leaf extract was added to 45 mL of 0.1N AgNO3 solution at room temperature. The solution was stored in a dark place at room temperature. After 24 hours, the solution changed from brown to gray-brown, (Fig. 3- A and C) indicating the formation of polymeric silver nanoparticles. The proposed mechanism for the biosynthesis of nanoparticles is the bioreduction mechanism of silver nanoparticles: plant extract mixed with silver dioxide (AgNO3) [21]. 


2.3. Characterization of silver nanoparticles:  
The silver nanoparticles synthesized from the plant extract were characterized using a number of different techniques to measure these scans, the most important of which were atomic force microscopy (AFM)-(NT-MDT, Ntegra, Rassian Federation), Scanning Electron Microscope (SEM) Tescan, Vega III, Czech Republic, (Serial No. VG 9021271 IQ). the generated nanoparticles' morphology was assessed, which yielded data on their size, shape, roughness, and size distribution. and X-ray diffraction (XRD) (6000 – Shimadzu, Japan) was used to analyze the nature of the nanoparticles.


2.4. Microorganisms’ Inoculation Procedure
Collection and Identification of Clinical Isolates. 
Bacterial samples were collected from the laboratories of the Medical City Department, Baghdad, Iraq. Clinical isolates (Pseudomonas aeruginosa, Staphylococcus aureus and E. coli) are examined microscopically and subjected to standard biochemical tests. All isolates were grown in broth medium at 37°C and stored at −80°C until further analysis [22].

2.5. Antibacterial Activity 
The disc diffusion technique on agar was used to evaluate the effectiveness of environmentally friendly, synthetic silver nanoparticles in inhibiting the growth of harmful bacteria [23, 24]. The potential of the synthetic silver nanoparticles as an antibacterial agent against selected pathogenic strains was assessed, focusing on three different bacterial species (Pseudomonas aeruginosa, Staphylococcus aureus, and Escherichia coli). Samples were cultured on nutrient agar, Mueller-Hinton agar (MHA), and LB agar media and incubated at 37°C for 24 hours. Subsequently, one colony was collected from each sample using a sterile swab and evenly distributed onto Mueller-Hinton agar plates, by (1 x 108 CFU/mL). Ten microliters of silver nanoparticles were added to each 6-mm diameter disc. The impregnated discs containing the pellets. As negative control used as blank disc (impregnated with DMSO). These plates were incubated at 37 °C for 24 h. By measuring the diameter of the zone of inhibition expressed in millimetres the antibacterial activity of the test samples was determined.
  
2.6. Statistical Analysis
For every bacterial isolate and treatment, all antibacterial test were carried out in triplicate (n=3). The sizes of inhibition zones are given as mean ±standard deviation (SD). Using Microsoft Excel's Data analysis ToolPak, one-way analysis of variance (ANOVA) was used to compare treatment groups statistically; p<0.05 was deemed statistically significant.  


  3. RESULTS AND DISCUSSION
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Figure 3:   FTIR Solanum melongena Leaf Extract
3.1. FTIR Spectral Analysis of Solanum melongena Leaf Extract
The existence of phenolic acids and flavonoid compounds is supported by a number of distinctive absorption bands in the FTIR spectrum of the leaf extract from Solanum melongena. O-H stretching vibrations, which originate from the hydroxyl groups of phenolic compounds and perhaps intermolecular hydrogen bonding – a characteristic of polyphenolic extracts – are responsible for the board, strong band seen around 3334 cm-1. The band about 1657 cm-1 represents C=O stretching (carbonyl group), which is usually connected to the conjugated ketone or carboxylic acid functionality present in phenolic acid structures and flavonoid backbones. Aromatic C =C stretching vibrations of the benzene ring, a structural characteristic shared by phenolic acids and flavonoids, are responsible for the peak at about 1611-1519 cm-1. The cluster of peaks between 1318 and 1164 cm-1 indicates C-O stretching vibrations, which are frequently associated with ether, ester, or phenolic C-OH groups found in flavonoid glycosides and phenolic acid derivatives. Bands in the 1449-1380 cm-1 region represent C-H bending (asymmetric and symmetric deformation). The peaks appearing in the fingerprint region below 1100 cm-1 (around 1087, 1009, 932, 863, and 824 cm-1) are generally associated with C-O-C and C-H out –of – plane bending vibrations of aromatic rings, further confirming the polyphenolic and flavonoid –rich composition of the extract. In line with earlier phytochemical reports on eggplant leaves, these spectral characteristics- especially the O-H, C=O, aromatic C=C, and C-O stretching bands – provide compelling evidence for the presence of flavonoid compounds (like quercetin or kaempferol derivatives) and phenolic acids (like caffeic, chlorogenic, or gallic acid derivatives) in the Solanum melongena leaf extract.            

3.2. X-ray Diffraction:

Figure 3 shows the XRD pattern of the silver nanoparticles biosynthesized using Solanum melongena leaf extract, recorded over the range 2θ = 10–80°. Seven well-resolved Bragg reflections were observed at 2θ ≈ 27.8°, 32.2°, 46.2°, 54.5°, 57.3°, 67.5°, and 76.7°. To assign these reflections unambiguously, the observed peak positions were compared against two ICDD (International Centre for Diffraction Data) reference patterns: the standard pattern face –centred-cubic metallic silver, Ag0 (JCPDS 98 -004-4387; Fig. 3B), and the standard pattern for cubic silver chloride, AgCl (JCPDS 31-1238). The indexing results are summarized in Table 1.  

Table 1. indexing of the diffraction peaks observed in Fig. 3 by comparison with the ICDD reference pattrens for Ag0 and AgCl.  

	Observed 2θ (°)
	Ref. Ag⁰ (JCPDS 98-004-4387)
	Ref. AgCl (JCPDS 31-1238)
	(hkl)
	Assigned Phase

	27.8°
	38.11°
	27.8°
	(111)
	AgCl

	32.2°
	44.3°
	32.2°
	(200)
	AgCl

	46.2°
	64.4°
	46.2°
	(220)
	AgCl

	54.5°
	77.4°
	54.8°
	(311)
	AgCl

	57.3°
	81.5°
	57.4°
	(222)
	AgCl

	67.5°
	—
	67.5°
	(400)
	AgCl

	76.7°
	—
	76.7°
	(420)
	AgCl




As shown in Table 1, all seven observed reflections coincide, to within 0.3° in 2θ, with the (111), (200), (220), (311), (222), (400), and (420) plans of cubic AgCl whereas none match the five characteristic reflections metallic Ag at 38.11° (111), 44.3° (200), 64.4° (220), 77.4° (311), 81.5° (222), (Fig. 3B). As a result, the AgCl (420) plane is more consistent with the reflection at 76.7° which was previously attributed to the Ag (311) plane. This suggests that silver chloride, not metallic Ag+2 , is the predominant crystalline phase in the sample. Remaining chloride species in the plant extract or reaction medium, which react with Ag+ ions produced from the silver precursor during synthesis, are most likely the source of chloride [25].    
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Figure 3:  XRD of biosynthesized silver nanoparticles using extract of Solanum melongena leaves.
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Figure 3 B:  XRD of Standard silver nanoparticles      

This observation is consistent with previous reports on plant-mediated silver nanoparticle synthesis, in which extra or shifted diffraction peaks have been attributed not only to lattice distortion of metallic silver but also to the co-formation of silver chloride, silver oxide, or surface-bound organic phases [26].
The average crystallite size of the sample was calculated from the full width at half maximum (FWHM) of the most intense reflection (2θ ≈ 32.2°) using the Debye–Scherrer equation:
τ = Kλ / (β cos θ)
where τ is the average crystallite size, K is the shape factor, λ is the X-ray wavelength, β is the FWHM (in radians), and θ is the Bragg angle. The calculated average crystallite size was 37.98 nm. This value corresponds to the size of the coherently diffracting crystalline domain, as determined from XRD line broadening, and should be distinguished from the physical particle size obtained by imaging techniques such as AFM (Section 3.4). The additional non-specific peak observed at 45.85° is attributed to the presence of an amorphous or low-crystallinity organic coating layer — likely proteinaceous or phytochemical in nature — derived from the Solanum melongena leaf extract and adsorbed on the nanoparticle surface [27]. Findings from multiple investigations on plant-mediated silver nanoparticle synthesis are consistent with slight shifts in the diffraction peaks and the occasional appearance of additional reflections during the formation of silver nanoparticles by Solanum melongena leaf extract. Such changes are usually attributed to surface-bound protein, substrate residues, agglomeration stress, or small variations in the crystal lattice rather than a failure of nanoparticle formation [26, 27, 28]. The most likely explanation is that plant extracts often cause shifts in the XRD pattern of silver nanoparticles due to surface coating, plant-dependent crystallinity, stress or lattice distortion, and particle-size effects; additional peaks may originate from silver chloride, oxide phases, or surface-bound chemical species rather than from silver lattice distortion alone [28]. No single mechanism is consistently supported by the literature. Since phytochemicals function concurrently as reducing, coating, and stabilizing agents, varied plant chemical composition is equally associated with varying crystallite size in similar green-synthesis processes [29, 30, 31].   
3.3. Atomic Force Microscopy (AFM)
Figure 4 shows high-resolution 2D and 3D AFM images of the biosynthesized silver nanoparticles, revealing scattered aggregates of varying nanometre size distributed across the substrate. The corresponding size-distribution histogram (Fig. 5) and diagram (Fig. 6) show that particle sizes range from approximately 30 to 770 nm, indicating a broad and heterogeneous size distribution rather than a single uniform particle population.
This AFM-derived size range is markedly broader than, and its upper bound substantially exceeds, the 37.98 nm average crystallite size obtained from XRD (Section 3.2). This is discussed in detail in Section 4.
3.4. Atomic force microscopy (AFM):
The images below show AFM analysis of the presence of scattered aggregates of silver nanoparticles with various nanometer sizes. (Fig. 4).
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Figure 4: High-resolution AFM 2D and 3D images for synthesis AgNPs using extract of Solanum melongena leaves.
Figure 5:  Histograms of size distribution of AgNPs synthesized with extract of Solanum melongena leaves.
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Figure 5 shows Size distribution diagram of silver nanoparticles biosynthesized using Solanum melongena leaf extract. The distribution shows that the majority of particles fall within the 30-770nm range, reflecting the efficiency and effectiveness of the biosynthesis method in producing relatively uniformly sized nanoparticles.  
3.5. Morphological Analysis:
Scanning electronic microscope (SEM): 
Figure 7 shows a sample of silver nanoparticles synthesized from the plant extract. The SEM images show that the silver nanoparticles had a smooth, spherical surface and were well-distributed in a tightly packed arrangement. The average particle size was 37.98 nm, which is identical to the values recorded using X-ray diffraction.
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Figure 6: SEM image of synthesized AgNPs using extract of Solanum melongena leaves.   (A) SEM image at (2µm), (B) SEM image at (500nm).
3.6. Antibacterial activity of synthesized silver nanoparticles:  
    Silver nanoparticles synthesis from plant extract had an inhibitory effect on the isolated bacteria. The antibacterial activity was evaluated using the disc diffusion method. Our findings were of antibacterial activity against three different bacteria (Pseudomonas aeruginosa, Staphylococcus aureus and E. coli) As a standard antibiotic (100 µg/mL), levofloxacin (lev. 5) and Tigecycline (TGC 15), Cefoxitin (FOX 30) was used as a control, and the results are described in Figs. 8 and 9.
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Figure 7:  Antibacterial activity Samples: A) Antibiotic (Levo, TGC), B) Antibiotic (TGC, FOX),                               C) AgNOPs (10, 20) µL 


Figure 8:  Silver nanoparticles' antibacterial activity against infections is compared to that of (lev 5), (TGC 15) and (FOX 30), a common medication.
The test was performed against three pathogenic reference strains including Gram-positive and Gram-negative bacteria, the effect of silver particles derived from S. melongena extract (14 mm) was inhibitory against the pathogen (Fig. 9). Whereas the standard antibiotics used was (lev 5), (TGC 15) and (FOX 30), as a positive control showed a zone of )10-33 mm (inhibition against the tested bacteria. Hence, it was observed that AgNPs biosynthesized by Solanum melongena leaf extract had good inhibitory effect compared to the standard antibiotic. Which is also in accordance with data of, [32, 33] it was demonstrated that the NPs agglomerate on the membrane and have the ability to penetrate the cells, damaging the cell walls; the cell membrane presented a clear-cut zone of inhibition. In the whole, silver was utilized directly as nitrate for an early antimicrobial effect (when AgNPs are numerous, the stable interaction of positively supercharged NPs and negatively charged bacterial membrane causes cell permeability, leading to death of cells). So there was a significant effect on microbes due to exposure of a larger area of the microbial surface to silver nanoparticles manufactured using plant extract [34]. The biosynthesized AgNPs showed a moderate antibacterial effect (14 mm inhibition zone) when compared to the standard antibiotics. This was less than that of some antibiotics (up to 33mm) but comparable to, or even greater than, others (as low as 10 mm) in some strain-antibiotic combinations (Fig. 8). These findings support the AgNPs potential as promising, environmentally friendly complementary antimicrobial agent and show that they did not consistently outperform the reference antibiotics used in this study. Instead, they showed a consistent antibacterial effect against both Gram-positive and Gram-negative bacteria [32, 33].    
3.7. 1.  Mechanism of plant-mediated synthesis of AgNPs: 
The trapping of positive silver ions on the protein surface as a results of electrostatic interaction between the protein and silver in the plant extract was thought to be the cause of the bio-reduction of silver. Silver nuclei are produced and the secondary structure shifts as a result of proteins lowering Ag+ ions. On the other hand, as Ag+ ions build up, silver cores enlarge and produce AgNPs, which then group together to form oligomer clusters (Figure 1). Metallic silver colloidal particles may be produced by these clusters. Several surfactants and polymers are used to prevent particles from sticking together even more and to maintain their structure. AgNPs morphology can be controlled by mixed surfactant solutions that combine cationic and anionic surfactant, resulting in high crystallinity and decreased aggregation [35].  
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Figure 9:  Schematic representation for the formation process of silver NPs.

According to a different study, the containment of primary phytochemicals such flavones, carboxylic acids, aldehydes, amides, ketons, and terpenoids is the key mechanism behind AgNPs-mediated plant synthesis [36]. Silver ions in the reaction mixture are immediately reduced by these water-soluble phytochemicals. Additionally, dry plants that contain anthraquinone and emodin and go through a stress phase have been shown to produce AgNPs. 

3.7.2. The toxicity mechanisms of NPs against bacteria:

It is yet unknown exactly how AgNPs interact with bacteria. The bacterial outer membrane is essentially asymmetric and primarily composed of lipopolysaccharides, while the bacterial inner membrane is made up of narrow semipermeable chains of phospholipids [37]. Proteins and lipopolysaccharide molecules are released as a result of cytoplasmic leakage brought on by its rupture. AgNPs may adhere to the cell wall, changing the membrane's permeability and ultimately causing bacterial cells to breathe.
AgNPs attach to cell wall proteins, which are mostly made up of macromolecules like DNA, which contains phosphorus and sulphur, after passing through the cell wall [38, 39]. According to certain studies, NPs may cause harm to the bacterial membrane by attaching to its surface through an electrostatic reaction [40], based on the cell's composition, functions, and structure. The strength and stiffness of the bacterial cell wall shielded the cell against mechanical and osmotic harm. Gram positive cells have a thick coating of 20-50 nm –thick peptidoglycan (PG) that makes up their cell wall.

This layer attaches to teichoic acids, which are specific to gram-positive cell walls. The interaction between peptidoglycan and teichoic acids is crucial for preserving the cell wall's structural integrity, which affects the bacterial physiology and reactions to environmental stressors [41]. Gram-negative cell walls, on the other hand, have more complicated chemical and structural makeup. The cell wall is composed of a thin layer of PG found in the outer membrane that sits on top of the surface membrane. In addition to having lipopolysaccharides, which raise the cell membrane's negative charge and are physically and physiologically significant for Gram-positive bacteria, this outer membrane is renowned for its resistance to hydrophobic substances like detergents [37, 42, 43].                                 

3.7.3. Comparative summary of the proposed formation and antibacterial mechanisms:

Table 2 compares the plant/source material, the suggested reducing and capping phytochemicals, particle size, proposed formation mechanism, bacteria tested, and proposed antibacterial mechanism reported in this study with those of closely related plant-mediated AgNPs studies cited above [35, 36, 37] in order to provide stronger, more structured evidence in support of the mechanism proposed in sections 3.4, 3.5, and 3.5.1. The comparison demonstrated that the membrane-disruption mode of antibacterial action and bioreduction/electrostatic-capping mechanism suggested for the current Solanum melongena-derived AgNPs are generally consistent with mechanisms reported for other Solanum species and other plant-mediated synthesis. It also highlights areas where direct comparison is limited by methodological differences (e.g., callus vs leaf extract, chemical vs phytochemical capping).   

Table 2. Comparion of proposed AgNPs formation and antibacterial mechanisms in this study and related plant-mediated synthesis.       

	Reference / Study
	Plant / source used
	Proposed reducing / capping phytochemicals
	Particle size (nm)
	Proposed formation mechanism
	Bacteria tested
	Proposed antibacterial mechanism

	This study
(Saeed et al.)
	Solanum melongena leaf extract
	Proteins/phenolics implicated via electrostatic Ag⁺-trapping mechanism (not directly assayed)
	XRD: 37.98 nm; AFM: 30–770 nm
	Ag⁺ electrostatically trapped on protein surface → silver nuclei → oligomeric AgNP/AgCl clusters capped by phytochemicals
	P. aeruginosa, S. aureus, E. coli
	NP adsorption/aggregation on membrane; electrostatic NP–membrane interaction increases permeability, leading to cell death (ZOI = 14 mm)

	[21] Lashin et al., 2021
	Solanum incanum callus extract
	Callus metabolites (proteins/phenolics per FT-IR)
	15–60 nm (TEM)
	Bioreduction/capping of Ag⁺ by callus-extract metabolites
	S. aureus, B. subtilis, E. coli, K. pneumoniae, P. aeruginosa, C. albicans
	Dose-dependent growth inhibition; MIC 6.25–12.5 µg/mL

	[51] Pushparaj et al., 2023
	Solanum melongena leaf extract (same species)
	Leaf phytocompounds (not itemised in the abstract)
	Not reported in the accessible abstract
	Phytocompound-mediated reduction of Ag⁺ to Ag⁰
	Bacterial isolates (species not specified in the abstract)
	Antibacterial, pesticidal and anticancer activity reported; mechanism not detailed in the abstract

	[29] Gowda et al., 2024
	Santalum album (sandalwood) leaf extract
	Polyphenols, proteins, lipids (FT-IR)
	10–32 nm (SEM/TEM/AFM); 49.53 nm hydrodynamic (DLS)
	Phytochemical bioreduction/capping; FCC crystal structure
	Not tested (study evaluated plant and cancer-cell proliferation, not bacteria)
	N/A — cited here for XRD/crystallinity comparison only, not antibacterial mechanism

	[32] Nalini et al., 2016
	Five Solanum species (leaf extracts)
	Not detailed in the available title/abstract
	Not reported
	Plant-mediated bioreduction (species-dependent)
	Not specified in the accessible summary
	Antibacterial activity reported; cited in Section 3.4 as consistent with the present inhibitory effect

	[33] Rajalakshmi et al., 2019
	Solanum nigrum
	Not detailed in the accessible abstract
	Not reported
	Plant-mediated bioreduction
	Not specified (antioxidant/antibacterial/anticancer tested)
	Antibacterial activity reported alongside antioxidant and anticancer activity

	[34] Saqib et al., 2022
	Aspergillus fumigatus extract (fungal, bimetallic NPs)
	Fungal-derived metabolites
	Not reported in the accessible summary
	Bimetallic nanoparticle assembly
	Bacterial membrane (species not specified)
	Direct damage to bacterial membrane surface with release of cellular contents (as cited in Section 3.4)

	[35] Mohamed et al., 2022
	Not plant-based — chemical mixed-surfactant synthesis
	Cationic/anionic surfactants (not phytochemicals)
	Not reported
	Mixed surfactant system controls AgNP morphology, crystallinity and aggregation
	Not tested
	N/A — cited here for formation-mechanism/morphology control only

	[36] Shaikh et al., 2021 (review)
	Review across multiple plant species
	Flavones, carboxylic acids, aldehydes, amides, ketones, terpenoids (review synthesis)
	Varies across reviewed studies
	Phytochemical-mediated reduction (general mechanism synthesised from the literature)
	Varies across reviewed studies
	Varies across reviewed studies



Overall, the mechanistic picture suggested for the current S. melogena-derived AgNPs-phytochemical bioreduction/capping of Ag+ followed by electrostatic NP-membrane interaction and permeabilization of the bacterial cell envelope-is in line with the larger plant-mediated AgNP literature compiled in Table 2. However, the size and phase (AgCl-dominant) results of this study go beyond that literature by emphasizing the impact of the particular extract chemistry and reaction medium on the final nanoparticle composition.  
4. Discussion:
The traditional FTIR signature of polyphenol-rich extract consists of several aromatic C=C bands (1611-1519 cm-1), a strong O-H band (3324 cm-1), and a carbonyl stretch (1657 cm-1). Since sugar-ring C-O vibrations usually occur in this area, the dense cluster of C-O stretching bands (1318-1009 cm-1) provides additional evidence of the existence of glycosylated flavonoids [44, 45]. This pattern is in line with published FTIR profiles of leaf extracts from eggplant (Solanum melongena) that are high in falvonol glycosides (such as derivatives of quercetin and kaempferol), caffeic acid, chlorogenic acid.    
The peak-indexing analysis presented in Section 3.2 (Table 1) indicates that the dominant crystalline phase in the biosynthesized sample is silver chloride (AgCl) rather than metallic silver (Ag⁰). This finding refines the interpretation of the XRD data relative to earlier plant-mediated silver nanoparticle studies, which have similarly reported the co-formation of AgCl, silver oxide, or organic surface phases alongside — or instead of — metallic Ag⁰ [26, 46]. One possible explanation is that during the reduction process, chloride ions that are either naturally in the laef extract of Solanum melongena or introduced through the aqueous reaction medium react with Ag+ ions, causing partial or total precipitation of AgCl in competition with the reduction of Ag+ to Ag0 [47]. This process is in line with high phytochemical content of plant extracts, which has been demonstrated to significantly affect the size distribution, phase composition, and crystallinity of biosynthesized nanoparticles based on the ratio of stabilizing to reducing activity [29, 30, 31]. A crystalline or semi-crystalline organic coating layer is further supported by the non-specific reflection seen at 45.85°, which is accordance with publications that attribute extra low-intensity peaks in plant-synthesized nanoparticles to bioorganic capping agents [27, 28, 48].   
The apparent discrepancy between the XRD-derived crystallite size (37.98 nm) and the much broader AFM particle-size range (30–770 nm; Figs. 4–5) is attributable to the fact that the two techniques probe fundamentally different physical quantities rather than to a measurement error. XRD line-broadening analysis (Debye–Scherrer equation) reports the size of the coherently diffracting crystalline domain, whereas AFM reports the apparent topographic footprint of whatever is deposited on the substrate — which may be a single nanocrystal, a polycrystalline particle, or an agglomerate of several crystallites bound together by residual phytochemical or proteinaceous material from the leaf extract [29]. Such capping-mediated aggregation is a well-documented feature of plant-mediated nanoparticle synthesis and is consistent with the wide size range and scattered aggregates observed in the AFM images (Fig. 4). In addition, AFM is known to overestimate the lateral dimensions of nanoscale features due to tip-convolution effects, in which the finite radius of curvature of the probe geometrically broadens the apparent footprint of small particles, an effect that is proportionally most pronounced for particles below ~50 nm [49, 50].  Lastly, AFM captures the entire heterogeneity of the deposited sample, including relatively uncommon large aggregates that extend the upper bound of the observed range without necessary reflecting the mofal particle size, whereas the Scherrer method yields a single intensity-weighted average dominated by the most intense reflection. When combined, these factors show that the XRD and AFM results are complementary rather than contradictory, and that primary crystalline units (~38 nm) are primarily present on the substrate in an agglomerated state rather than as discrete particles of the size suggested by the AFM range alone.     
Conclusion:
Seven diffraction peaks that consistently index to the (111), (200), (220), (311), (222), (400), and (420) plans of cubic AgCl were found by XRD analysis of the sample synthesized using Solanum melongena leaf extract. This suggests that silver chloride, rather than metallic silver, is the dominant crystalline phase formed under the synthesis condition used, most likely due to chloride species in the reaction with Ag+ ions. The Debye-Scherrer equation yield an average crystalline size 37.98 nm, which is not a directly observed particle dimension but rather the size of the coherently diffracting crystalline domain. These crystalline units are primarily found as aggregates between 30 and 770 nm, according to AFM research. This distribution can be attributed to both intrinsic AFM tip-convolution effects and phytochemical-mediated agglomeration rather than inconsistency between the two methods. Overall, these results highlight the significance of integrating XRD phase indexing with imaging-based size analysis for evaluation plant-mediated nanomaterials and improve the structural and morphological characterization of the biosynthesized nanoparticles. The biosynthesized AgNPs potential as antibacterial agents is further supported by the antibacterial results obtained in this study; however, this potential is reported as such and broader biomedical applications are not claimed because they would need additional validation through cytotoxicity and in vivo studies.    
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