


Characterization of bio-conjugated silver nanoparticles using Caesalpinia crista seed coats calcination and their antibacterial, anticancer activities	Comment by PRIST: The title is informative but grammatically unclear. The phrase “using Caesalpinia crista seed coats calcination” is ambiguous. Please revise the title for clarity and scientific precision, clearly separating the synthesis method and the calcination study.

Abstract	Comment by PRIST: The abstract contains excessive background on traditional medicinal uses of Caesalpinia crista. This section should be condensed to one sentence and refocused on objectives, methodology, key quantitative results, and conclusions.
Caesalpinia crista seed coats is traditionally useful for treating anthelmintic, tumor, placenta removal, antimicrobial, liver disorders, febrifugal, pain, inflammation, rheumatism, respiratory disorders, fever, bladder stone, malarial fever, swellings, asthma, and colic etc. In this investigation, seed coats from Caesalpinia crista were used to synthesize bioconjugated silver nanoparticles (AgNPs) using green and calcination method. The effects of calcination (200 °C for 30 min) on the AgNPs structural properties were examined. UV Visible spectra confirmed reduction of Ag+ to AgNPs as the peak obtained is at 430 nm for uncalcinated bioconjugated AgNPs while the peak for calcinated bioconjugated AgNPs is at 285nm. Scanning electron microscopy (SEM) and X-ray diffraction analysis (XRD) determined uncalcinated and calcinated bioconjugated AgNPs, found to be spherical crystalline and had sizes of 84.3 nm and 101.15 nm respectively. Functional groups of bioactive compounds were identified in the uncalcinated and calcinated bioconjugated AgNPs by Fourier Transform Infrared Spectroscopy (FTIR) analysis. EDAX is used for determining the elemental composition of the AgNPs absorption peak in the range of 2.7 to 3.4keV in both uncalcinated and calcinated bioconjugated AgNPs. The calcinated/uncalcinated AgNPs was evaluated using the agar-well diffusion method against pathogenic bacteria, including Pseudomonas aeroginosa, Escherichia coli, Salmonella typhi, and Staphylococcus aureus. According to in vitro antibacterial research, uncalcinated AgNPs significantly reduced the development of tested pathogenic bacteria, but the AgNPs that had been calcinated exhibited no growth inhibition activity. Probably due to calcinations that may have degraded all the phytochemicals adhered to the Ag nanoparticles.	Comment by PRIST: Please include key numerical findings in the abstract (particle size, inhibition zone range, IC₅₀ values) and explicitly state the main conclusion regarding the loss of antibacterial activity after calcination.
Keywords: Aq CCSC AgNPs; UV;SEM; FT-IR; XRD; Calcination; Antibacterial activity;MTT Assay
Abbreviations: AgNps-Silver nanoparticles, Aq CCSC AgNPs-Aqueous Caesalpinia crista seed coat silver nanoparticles, C.crista – Caesalpinia crista,UV-ultraviolet, SEM-scanning electron microscopy, FT-IR-Fourier transform infrared radiation, XRD-X-ray radiation diffraction, EDAX-Energy dispersive X ray spectroscopy.
1. Introduction
AgNps are the most popular among this diverse range of metal nanoparticles due to their distinctive properties [1]. The physico-chemical characteristics of AgNPs provide them an advantage over other metals. AgNps physicochemical characteristics include low cost compared to other noble metals, wide absorption of the near- and far-infrared regions of light, surface-enhanced Raman scattering, chemical stability, catalytic activity, high thermal and electrical conductivity, and stability at encompassing conditions.[2] The environmentally friendly synthesis of AgNPs is inexpensive, non-toxic, and easily scaled up for large-scale operations. As high pressure, energy, temperature, and harmful chemicals are not utilized, this technique is more advanced than physical and chemical approaches.	Comment by PRIST: Check in text citation format as per journal requirement	Comment by PRIST: Punctuation check
Recent developments in nanotechnology and nanoscience have fundamentally altered how we identify, manage, and avoid a wide range of illnesses in all facets of human existence. There are a number of metallic nanoparticles used in biomedical applications, but silver nanoparticles (AgNPs) are among the most important[3,4]. They can be used in several medical fields to stop the growth of yeasts and bacteria because they also exhibit antimicrobial action[5,6,7,8,9,10]. Nevertheless, there is a rising need to create ecologically sustainable methods of creating nanoparticles without the usage of hazardous chemicals.[11]	Comment by PRIST: Spacing
Microorganisms,[12,13,14], enzymes,[8] and plants or plant extracts[6,15,16,17] are used in biological methods of nanoparticle synthesis, which have been proposed as environmentally friendly substitutes for chemical and physical methods.  The complex process of maintaining cell cultures can be avoided by using plant extracts for nanoparticle synthesis, which can be advantageous over other biological processes[8].  For the synthesis of nanoparticles on a large scale, it can also be appropriately scaled up[11].In order to maintain the antibacterial activity of AgNPs, lessen their harmful effects on human cell lines, and increase their practical applicability without affecting the environment, plant species have been employed for the biosynthesis of nanoparticles[5,8]. In addition to stabilising nanoparticles in colloidal solutions of metals like gold and silver, plant extracts also serve as bioreducers. According to[10], AgNPs are simple to make and can be chemically altered by reducing photochemical, radiolytic, or biogenic ions or forms.[14]
Different components of plants, algae, bacteria, fungi, and actinomycetes are used in the biogenic synthesis of AgNPs. The organic molecules found in biological materials, such as proteins, lipids, polyphenols, carboxylic acids, polysaccharides, saponins, and many types of enzymes are employed as reducing and capping agents [18]. Recent studies on the synthesis of AgNPs of various sizes and shapes have confirmed their enormous significance in human beings' daily lives. These nanoparticles are used in a wide range of products, including microelectronics, drug delivery, cancer therapy, wound healing, imaging, health products, plant growth as nanofertilisers, waste management etc. Interestingly, the bactericidal and fungicidal capabilities of AgNPs have made them more widely used in a variety of medicinal, textile, and health care items, including pastes, food, soaps, creams, cosmetics, and other items [19].Since it uses non-toxic phytochemicals instead of the hazardous ingredients, the green synthesis of nanoparticles has become very popular [20]. Using extracts from various plant parts, microbial cells and biopolymers, green synthesis methods are categorized as such. The produced nanoparticles have the appropriate degree of efficacy for the intended use and are biocompatible [21]. AgNPs synthesis could be utilized to reduce metal and prepare the appropriate bio-conjugated metal compounds from Caesalpinia crista seed coat extract.
Caesalpinia crista falls under the kingdom-plantae,phylum –magnoliphyta,class-Angiospermae,order-Fabales,Family-Caesalpinaceae,Genus-Caesalpinia,Species-Crista
Caesalpinia crista, also known as Caesalpinia bonduc or Caesalpinia bonducella, is a member of the Caesalpiniaceae family and contains furano-cassone, flavonoids, tannins, proteins, alkaloids, carbohydrates, reducing sugars, phytosterols, saponins, coumarins, and triterpenoids.diterpenes, neo-cassanediterpenes, nor-cassanediterpenes, and numerous other bioactive substances. The plant Caesalpinia crista L. (Caesalpiniaceae) is widely recognized for its medicinal benefits. The traditional uses of this plant include treating anthelmintic, tumor, placenta removal, antimicrobial, liver disorders, febrifugal, pain, inflammation, rheumatism, respiratory disorders, fever, bladder stone, malarial fever, swellings, asthma, and colic.  Among its many other effects were nootropic, anticonvulsant, adaptogenic, antimicrobial, antiprotozoal, anthelmintic, insecticidal, antiproliferative, antidiabetic, hypotensive, cardioprotective, hepatoprotective, anticancer, antioxidant, and hypolipidemic. The root, stem, leaves, and seed have anti-inflammatory, analgesic, anthelmintic, antioxidant, anti-tumor, and anti-malarial qualities.[22]	Comment by PRIST: The pharmacological description of Caesalpinia crista is extensive and repetitive. Please reduce this section and focus on its relevance to nanoparticle synthesis and bio-conjugation.
The plant extracts like Caesalpinia pulcherima leaves[23],Caesalpinia gilleisi leaves [24],Caesalpinia crista seeds[25] silver nanoparticles have been shown to exhibit various beneficial properties. Nevertheless, there is no data available regarding Caesalpinia crista seed coat extract silver nanoparticles for any of their biological uses. Thus, an attempt was undertaken to study  silver nanoparticles from the seed coat extract.	Comment by PRIST:  Please explicitly mention how this work differs from previous reports on Caesalpinia-mediated AgNP synthesis, particularly with respect to seed coat extract and calcination effects.
2. Materials and Methods
2.1. Chemicals and Reagents
Standard Silver nitrate , Mueller Hinton agar, Mueller Hinton Broth are purchased from Hi media India.
2.2. Plant extract preparation
Fresh C.crista seed coats were collected and brought to the laboratory from the nearby Moodalapalya circle Bangalore South. The seed coats were allowed to dry for three days at room temperature after being cleaned three times using double distilled water. The dried seed coatings were then pulverized into a powder using a grinder.
The procedure of Sharma et al.[26] was followed in the preparation of seed coat extract. 100 ml of distilled water was added to a 250 mL Erlenmeyer flask containing 5 gram of seed coat powder. This was boiled for 20 min. at 100˚ C. After being left undisturbed for three to four hours, the aqueous extract was filtered through muslin cloth and then Whatman No. 1 filter paper to get rid of all the coarse particles. For additional research, the resulting clear extract was stored in amber color culture bottles and maintained in a refrigerator at 4°C until further analysis.
2.3. Synthesis of Aq CCSC AgNPs
A 5%  Aq CCSC reacted with 95% of 0.1 mol/L AgNO3 solution; the pH was adjusted to 9.5 and the mixture was incubated for 24 hours at room temperature under dark condition [27].
Centrifugation was done for 10 min. at 8,000 rpm to extract the synthesized bioconjugated AgNps from the reaction mixture. Once the nanoparticles were collected, they were pulverized into a coarse powder and dried in a hot air furnace at 40 ˚C for 12 hrs. The formation of biocojugated silver nanoparticles was determined by UV absorption spectroscopy. The powdered particles were calcined at 200 ˚C for 30 min. in a muffle furnace to investigate the impact of temperature on the particles features and their antibacterial properties [28].
2.4  Characterization of Aq CCSC AgNps
2.4.1 UV visible spectrophotometer
The reduction of silver nitrate with Aq CCSC AgNps was examined using UV-vis spectra. with a 1 nm resolution and in the 200–700 range using shimadzu spectrophotometer.
2.4.2.  FTIR
FTIR spectrophotometer( Spectrum RX I, Perkin Elmer, USA) was used to analyse the functional groups found in the phytoconstituents that caused the reduction and capping of Aq CCSC-AgNPs utilising the KBr pellet method. The FTIR spectrophotometer's scanning range was 4000–400 cm−1, and its spectral resolution was 4 cm−1.
2.4.3.  XRD study.
To examine the phase and crystalline structure of the biosynthesised Aq CCSC-AgNPs, XRD was employed. An X-ray diffractometer (Phillips Xpert Pro, the Netherlands) operating at 40 kV and 30 mA at 20–80ºC (2θ) was used for the analysis. Cu Kα radiation with a wavelength of 1.540 A° at 40 kV and 30 mA and a scanning rate of 0.02 cm−1 in the 2θ region between 30 and 90° was used.
2.4.4.  Energy-Dispersive X-ray Analysis (EDAX) and FESEM of Aq  CCSC-AgNPs.
The surface shape, size, and atomic content of metals in biosynthesised Aq CCSC-AgNPs were investigated using FESEM combined with EDX. A 10 000× magnification scanning electron microscope  (Oxford ISIS 300 EDS) in conjunction with a Carl Zeiss Model EVO 18 German scanning electron microscope was used to analyse the surface morphology of the Aq CCSC AgNPs. Double-sided tape was used to secure the samples on the tubular aluminium stub. Samples supported by stubs were coated by gold. Finally, the morphology of the gold-coated samples was examined under a microscope.



2.5. Antibacterial Activity of well Diffusion method	Comment by PRIST: The manuscript reports Minimum Inhibitory Concentration (MIC) values; however, the described method is agar well diffusion. MIC should be determined using broth dilution methods. Please revise terminology or include appropriate MIC methodology.
Aqueous CCSC extract  and biosynthesised Aq CCSC-AgNPs were tested for antibacterial activity. The well diffusion method was used to determine this. A sterile swab was used to disseminate a bacterial suspension uniformly on solidified Muller-Hinton Agar (MHA). This study used Gram-positive Staphylococcus aureus, pseudomonas aeroginosa and Gram-negative S. typhi, E.coli  bacterial strains. A 25 μL amount of aqueous seed coat extract ( 100, and 200 μg/mL) and green-synthesized Aq CCSC-AgNPs (100, and 200 μg/mL) was placed in Petri plates and incubated at 37°C for 24 hours. The inhibitory zones were measured in millimetres. . A ciproflaxacin was employed as the positive control, while DMSO was the negative control.
2.6. Anticancer activity
MCF-7 breast cancer cells were cultured in high glucose media DMEM with 10% FBS (v/v) and 1% penicillin/streptomycin (w/v). Cells were incubated at 37°C, 5% CO2. Cytotoxicity was assessed using the MTT (3-(4,5-dimethylhiazol-2-yl)-2,5-diphenyl tetrazolium bromide) test. MCF-7 cells were seeded at 2 ×104 per well in a 96-well plate. After 24 hours, the old medium was aspirated and replaced with new media containing samples. Plates were kept at 37 ◦C with 5% CO2 for 24 hours. Following incubation, MTT solution was applied to each well. Plates were incubated for 4 hours at 37˚C in the dark. After 4 hours, remove the supernatant and add 100 μL DMSO to dissolve the resultant purple formazan. Plates were read immediately at 540 nm. The optical density was used to calculate the % of cell cytotoxicity:	Comment by PRIST: Please specify the source, passage number, and authentication status of the MCF-7 cell line to ensure experimental reproducibility.
Cell viability(%)=(Asample/Acontrol)∗100
2.7. Statistical Analysis
All data are expressed as mean ± standard deviation for triplicates. . A one-way analysis of variance ANOVA was used to identify significant differences between samples. The can's multiple range test (DMRT) was performed at a 5% level (p < 0.05).	Comment by PRIST: Formatting required	Comment by PRIST: Statistical analysis lacks detail. Please report exact p-values, F-values (ANOVA), and clarify whether post-hoc tests were applied to determine significance between groups.



3.0. Results and Discussions
3.1. Identification of plant and synthesis of AgNps
The plant was identified as C. Crista and the seed coats of it was taken for study (Fig. 1).The synthesis of AgNPs was confirmed by observing the colour changes from yellow to brown colour. The synthesis of AgNPs by C.crista seed coats is schematically represented in Fig. 2. After 24 hrs of contact at room temperature, the synthesis of bioconjugated AgNPs was seen in the reaction mixture in this investigation. As previously noted, the biological production of AgNPs primarily depends on a variety of physical and chemical elements, such as Temperature and reaction time [29].
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Fig 1. Caesalpinia crista seed coats
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Fig 2.  Synthesis of AgNps using Caesalpinia crista seed coats
3.2. Optimized conditions for green synthesis of AgNPs
This section examines the effects of various conditions, including extract and AgNO3, temperature, pH, incubation period, and light.
3.2.1 Temperature
One of the key factors influencing the shape and size of biosynthesized AgNPs is temperature. As the reaction temperature rises, AgNPs dimensions decrease changing their morphology [30,31,32,33,34,35]. This has been validated by numerous investigations.  They discovered that raising the temperature of the reaction might cause the Ag+ ions to quickly decrease and then cause the nucleation of silver, resulting in the formation of tiny, spherical nanoparticles.
Furthermore, a study by [33] showed that high temperatures produce small nanoparticles  lower temperatures produce larger ones. Furthermore, it was discovered that even at 40˚C, vitexagnus-castus leaf extract may cause a rapid decrease in Ag+ ions. On the other hand,the effective formation of AgNPs at temperatures in the range of 60 and 80˚C was noted in another investigation [36]. Thus, it is widely known that during the synthesis of nanoparticles, high temperature encourage nucleation whereas low temperatures encourage development. For synthesis of Aq CCSC AgNps also temperature maintained was 60 to 80˚ for green synthesis and for calcination at 200˚C.

3.2.2. PH
In a prior study, the pH value was varied during the synthesis of AgNPs to influence their form, size, and stability[37]. For AgNP production, a pH of 7 was found to be optimal for ensuring the reduction of Ag+ to Ag°, and a pH range of 7–9 produced the highest abundance of synthesised nanoparticles. Numerous researchers [34,38,39,40,41,42] have demonstrated that the rate of AgNP formation increases as pH rises. Moreover, AgNPs were nearly spherical at higher pH levels, and the reaction rate was significantly increased when the pH was raised to 8. Furthermore, a quick growth rate, enhanced reduction process, and a stable and high yield of nanoparticles were among the several advantages of employing an alkaline pH during the synthesis of AgNPs,as demonstrated by many investigators  [43] When plant extracts are treated with acidic pH more OH groups can participate in the reduction reaction, increasing the reduction yield. OH groups are important in plant extracts because they reduce and stabilize functional groups during the synthesis of Aq CCSC AgNps . and the PH maintained was 9.5.
3.2.3. Incubation time
As incubation period is a key factor for improving the size,stability and production of AgNPs,increased 2 min of incubation temperature has shown color shift during Ananas comosus (Pine apple) extract nanoparticle synthesis  [44]. Within two minutes, the amount of aqueous AgNO3 in the solution dropped sharply, producing nanoparticles. The colour didn't alter much for up to five minutes after the response restarted. The average size of the spherical nanoparticles was 12 nm. In a different study[45] Ocimum Sanctum (Tulsi) leaf extract was utilized to create stable AgNPs that were roughly 17nm in size. The yield of Aq CCSC conjugated AgNPs increased during the next few hours after the initial 15 minutes of incubation. The amount of absorption increased due to a rise in the quantity of AgNPs generated over the longer incubation period. Additionally, AgNPs were produced with an increasing reaction time up to 3 hours utilising an extract from Origanum vulgare L.[46]. AgNPs production was indicated by the reaction mixture's colour intensity gradually changing from yellow to brown. For synthesis of AgNPs using Aq CCSC extract incubation time was 24 hrs where its colour intensiy changed from yellow to brown.

3.2.4. Intensity light
The synthesis of AgNPs is thought to be significantly influenced by light intensity. One useful method to assist in the green synthesis of AgNPs is the light irradiation strategy, which makes use of sunlight. With the use of medicinal plant extracts, such as Sidaretusa leaf[47], Piper longum catkin extract[48], and Carica papaya fruit [49], this technique was successfully used to synthesise AgNps. Additionally [50] found that when light intensity rose, so did absorption. Thus, it is anticipated that the reduction of Ag+ ions in sunlight will take only a few minutes, but the reaction will take longer in the absence of light. This could be the result of photons from a particular wavelength in direct sunlight, which supports the green synthesis of AgNPs by catalysing the green synthesis process. Moreover, utilising sunlight to create AgNPs by green synthesis can boost yield and result in a high concentration of AgNPs with excellent stability[51,52]. examining the impact of light colour on nanoparticles by covering the reaction tube with various coloured cellophane filters (violet, green, yellow, and red).For synthesis of AgNPs using Aq CCSC extract incubated in dark for 24hrs for changing yellow to brown but in intensity light it took only 15-20min to change the colour.
3.2.5. Plant extract and AgNO3 concentrations
The absorbance intensity can be raised by increasing the concentration of plant extract in the reaction mixture[53,54]. Biomolecules coat the nanoparticle surfaces and function as reducing agents when high extract concentrations are used, which keeps the particles from aggregating and increases their stability[32] .The green synthesis of AgNO3 is significantly influenced by the concentration of AgNO3. AgNO3 concentration enhances absorbance, and 1 mM is thought to be the ideal concentration for nanoparticles[55] .Furthermore, the size of the nanoparticles can rise with an increase in AgNO3 concentration[56].For synthesizing AgNPs using Aq CCSC extract 0.1M/L AgNo3 was used.




3.3. Characterization of uncalcined and calcined bioconjugated AgNPs
3.3.1 UV-spectral analysis of AgNPs
The UV-visible spectra of the non-calcined(reaction mixture) and calcined AgNPs are displayed in Fig.3. In the non calcined AgNPs spectrum, a strong Surface Plasmon Resonance (SPR) peak was observed at 432 nm confirming the reduction of Ag+ ions into AgNPs by bio-molecules present in the supernatant. Similarly, references Kumari et al.[57] and Melkamu et al.[58]have also reported the characteristics (SPR) peak for AgNPs synthesized by Populus alba, Hibiscus arboreus, Lantana camara and Hageniaabyssinica (Bruce) plant leaf extract at 430 nm respectively, while the SPR peak for  AgNPs synthesized by Caesalpinia pulcherrima leaf extract was observed at 410nm[23]. The UV-vis spectrum of calcined bioconjugated AgNPs revealed a SPR peak at 285nm. The calcined AgNPs UV-Vis spectra revealed- a robust surface photoelectric response (SPR) peak at 285 nm suggesting that the calcination temperature changed the nanoparticle's properties. A similar absorption was reported by Mahendran etal[59]. After prolonged calcination, the typical AgNps band gap was likely reduced as a result of oxygen vacancies acting as electron donors in the photocatalyst’s valence band, which led to the formation of additional layers (microstates) with novel electronic properties and further decreased the energy absorption gap [50].The calculated Eg values of synthesized bioconjugated Ag NPs are 3.63 eV, respectively[60]. The synthesized bioconjugated AgNPs band gap energy is very low compared to that of the bulk silver. Changes in the UV spectrum's SPR peak position following calcination could be due to the nanoparticle's removal of the capping material[61].	Comment by PRIST: The interpretation linking the 285 nm absorption peak to band gap modification and oxygen vacancies appears speculative. Please clarify whether this conclusion is experimentally supported or revise to a more cautious interpretation.	Comment by PRIST: The SPR peak at 285 nm reported for calcined AgNPs is atypical for silver nanoparticles and requires stronger justification, clearer explanation, or supporting references.


Fig 3.   Uv absorption spectra of calcined and non calcined AgNPs
3.3.2. FTIR analysis of AgNPs	Comment by PRIST: The loss of FTIR peaks after calcination suggests removal of surface-bound phytochemicals. Please clearly relate this observation to the observed reduction in antibacterial activity.

The non-calcined and calcined bioconjugated AgNPs FTIR spectra are displayed in Figures 4. Peaks can be seen in the uncalcined bioconjugated AgNPs IR spectrum at 3320,2351,1771,1576,1286,1000, and 800 cm-1. A strong absorption peak at 3320 cm-1 was attributed to protein N–H functional groups and alcohol and phenol O–H stretching vibrations [62]. The peak at 2351 cm-1 is due to the CO2 group[63]. The band at 1771 cm-1 corresponds to the C=O esters group[64]. 1576 cm-1peak is due to N-H bend secondary amine[65]. 1286 band is due to C-O and C-N stretching aromatic ester and aromatic amine respectively[66] The peak at 1000 cm-1 is due to C-O deformation[67]. 800 cm-1 band corresponds to C-H bending. [68] According to the spectrum analysis, the reduction of Ag+ into AgNPs may have been caused by major functional groups like O-H, N-H, C-H, C=O, and C-O groups that contain biomolecules like protein, polysaccharides, and other elements found in the plant extract. These groups may also have served as capping or stabilizing agents [69]. AgNPs  IR spectra following 30-min. calcination at 200˚C are displayed in (Fig 4b). The absorption peaks in the calcined AgNPs spectrum were seen at 3295 cm-1,O-H stretching [70],2933 cm-1 aldehyde C-H group [71],1739>C=O stretching of lipid ester[72]1600 cm-1N-H bond amine[73],1011and 756 cm-1. The absence of certain peaks in the infrared spectra of calcined AgNPs may be the result of the corresponding organic compounds  removal during the 200˚ C calcination process. High-purity AgNPs could be produced, according to Gharibshahi al.[62] by elevating the temperature during calcination.


Fig 4. FTIR  of Calcined and Uncalcined AgNps
3.3.3. X-ray diffraction analysis of AgNPs
The typical XRD spectra of the AgNPs both before and after calcination are displayed in Fig. 5. The diffraction peaks at 2θ values of 38.07°, 44.20°, 64.41°, and 77.32º in the non-calcined AgNPs spectrum could be attributed to the planes of  (111), (200), (220), and (311), in that order is shown in(Fig. 5a). On the other hand, the calcined bioconjugated AgNPs showed diffraction peaks at 2θ values of 38.26°, 43.67°, 72.53°, and 75.76°, which were attributed to the planes of (111), (200), (220), and (311) respectively [74] is shown in the (Fig 5b). The powder diffraction data files of known compounds (ICDD/JCPDS, PDF Nos. 04-0783 and 84-0713) were compared with the diffraction data obtained for uncalcined bioconjugated AgNPs and calcined AgNPs. The presence of bioconjugated AgNPs produced by Aq CCSC extract was confirmed by the results of an X-ray diffraction analysis, which showed that the AgNPs were face-centered cubic and crystalline both before and after calcination. AgNPs crystalline size is increased as a result of raising the calcination temperature, according to Goudarzi etal.[75].


Fig 5. XRD  of Calcined and Uncalcined AgNps
Raman spectroscopy
The Raman spectra of the silver nanoparticles was recorded in order to identify potential functional groups of capping agents involved in the stabilization of the nanoparticles (Figure 6).  The stretching vibrations of the Ag–N and Ag–O bonds are responsible for the sharp band in the spectra at 235 cm−1.  This peak shows that a chemical link has been formed between the AqCCSC molecules' carboxylate groups and silver and amino nitrogen. It attests to the AqCCSC attachment to the surface of the silver nanoparticle via an amino or carboxylate group, or both. Thus, it can be inferred from the preferential amplification of these Raman bands that the AqCCSC carboxylate and amino groups both contribute to the capping of the silver nanoparticles.  These outcomes are consistent with previous silver nanoparticle production experiments using the fungus Trichoderma asperellum and gum kondagogu.1052cm-1 vibrations of alcohols and polyols.546cm-1 C=C vibrations of alkene.958,1273,1505 are vibrational stretches of C=O carboxyl groups.


Graph 1- Raman spectroscopy of non-calcined AgNps


Graph 2-Raman spectroscopy of Calcined AgNps

3.3.4. AgNPs studies using SEM-EDS	Comment by PRIST: The reported particle sizes (84–101 nm) are relatively large for strong antibacterial activity. Please discuss this limitation and consider adding DLS or zeta potential data to support size distribution and stability.
The size,shape and structure of AgNPs both before and after calcination were examined using SEM pictures. A SEM image of non-calcined AgNPs revealed uniformly shaped spherical particles capped with biomolecules found in the Aq CCSC extract (Fig. 6a). It was also measured that the non-calcined bioconjugated AgNPs had a particle size range of 84.3 nm. According to [76] AgNPs produced by plant extract of  Viola serpens exhibited a spherical shape with a size range of 90 nm. Mortazavi-Derazkola etal. [77]also reported that the AgNPs produced by Elaeagnusangustifolia bark extract had a range of sizes, from 65 to 90 nm, spherical forms. Following the calcination process, the particle size was measured to be within the range of 101.15 nm and it also in spherical form.. Direct comparison of all the samples shows that the calcined nanoparticles are prone to agglomeration, whereas the non-calcined nanoparticles are well separated. Fig (7a) prior research by.  Br, S., &Xr,J. [78].Singh etal.[79]has shown that as the calcination temperature was raised, the size of the nanoparticles increased. Hamad et al. [80] used the sol-gel-hydrothermal technique to synthesise titania (TiO2) nanoparticles. After calcination, the nanoparticles increased the size of the crystallites and caused a phase transition. They attributed the nanoparticles' agglomeration following calcination to sintering as the crystals grew, resulting in bigger particles. The scientists determined that calcination was unavoidable in their work because they sought a distinct phase of TiO2 nanoparticles, despite the fact that high temperatures typically cause particle growth, aggregation, and phase shift. Shohel etal[81] described the use of a hybrid electrochemical-thermal approach to manufacture ZnO nanoparticles at various calcining temperatures. They found that the higher the calcination temperature, the greater the crystallinity of ZnO. However, the surface area of the nanoparticles reduced as temperature increased .With a rise in temperature, which they recognised was related to sintering, the photocatalytic activity of the nanoparticles decreased. Kayani et al. [82] conducted another study on the influence of calcination on the structural properties of ZnO nanoparticles. The study reported on the increased crystallite size, which induced agglomeration between the nanoparticles as the temperature increased. As a result of these investigations, it is clear that, while calcination at high temperatures produces high crystalline nanoparticles and needed structural phases, nanoparticle development is unavoidable, and the eventual application of the nanoparticles can often be enhanced or impaired.
Both the non-calcined AgNps and the calcined AgNPs spectra revealed elemental silver, as indicated by the EDAX analysis in the fig 6b and 7b, and this was confirmed by the absorption peak at 2-3 KeV areas. The biomolecules found in the Aq CCSC extract are responsible for reducing Ag+ to AgNps.
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Fig 6(a) SEM of Calcined AgNps and (b) EDAX of CalcinedAgNPs
[image: ][image: ]
Fig 7(a) SEM of  Uncalcined AgNps (b) EDAX of  Uncalcined AgNPs
3.4. Antibacterial activity of non-calcined AgNps and calcined AgNPs
The ability of Ag NPs to bind to hazardous ion surfaces through electrostatic forces of attraction allows them to release reactive oxygen species (ROS), which kills the bacterial growth and development. The antibacterial efficacy of Ag NPs isolated from Aq CCSC  extract against Gram-positive and Gram-negative bacteria was therefore tested using the agar well diffusion method.
The microbes membranes become disorganised when AgNPs accumulate. Because of their adhesion to the surfaces of the microorganisms, the resulting metal ions have antibacterial activity. The size of the nanoparticles, their vast surface area, reactive radicals (Ag+), and reactive oxygen species (ROS) are generally associated with antibacterial activity.
Silver nanoparticles (NPs) are recognised antibiotics that can produce reactive oxygen species (ROS) during the Fenton reaction, including hydroxyl radicals, peroxide, superoxide, and singlet air [83]. When these reactive oxygen species (ROS) attack the surfaces of bacteria or pathogens, they damage DNA, oxidise proteins, peroxide lipids, and kill the organism.
Furthermore, when bacterial strains were tested using the agar well diffusion method, the calcined AgNPs did not exhibit any inhibitory activity. This observation demonstrated that calcination at 200ºC for 30 min. reduces AgNPs bacterial inhibitory activity. As per Sundrarajan et al [84] the antibacterial properties of nanoparticles are influenced by the calcination temperature, and increase in the temperature causes a decrease in their inhibitory activity. It is obvious that smaller-sized nanoparticles have a greater antibacterial efficacy. Silver nanoparticles (AgNPs) of various sizes and shapes were synthesised by Raza et al. [85] and their antibacterial activity was evaluated. According to their findings, AgNPs with a sphere-like form and a tiny particle size of 15–50 nm inhibited P. aeruginosa and E. coli with a high inhibition zone. The smaller, spherical AgNPs with more surface contact sites were found to have higher bacterial efficacy, whereas larger AgNPs showed the least amount of effectiveness. Despite the fact that Raza et al.'s study [85] shown that smaller, sphere-shaped AgNPs were more effective in exerting antibacterial activity than bigger, triangular-shaped AgNPs .It follows that the effectiveness of nanoparticles against bacteria is primarily dependent on their size and shape of the particles. Additionally, the effective surface area of the different structural geometries has a significant role.
As a result, in the current investigation, both nanoparticles were shown to inactivate the tested bacteria. The non-calcined AgNps demonstrated the highest inactivation activity, which may be explained by their higher surface area and smaller diameters in comparison to the bigger calcined AgNps. For every tested bacterium, the non-calcined AgNps exhibited a strong inhibitory zone, which was found to moderately diminish as the calcination temperature was raised. As previously indicated, a larger size and a lower surface area of the nanoparticles may have prevented them from interacting and from quickly penetrating the bacterial cell wall, which would have explained the drop in inactivation. .It is commonly known that a substance gets more active and effective the higher its surface area per unit mass. The release of ions is a significant factor in addition to the material's surface properties [27, 29, 61]. AgNps precise bacterial method is currently unclear, however a number of processes have been proposed. One of them is that AgNps may directly interact with bacterial surfaces, destroying the bacteria's cell wall in the process. Reactive oxygen species (ROS), which can damage the cell wall and cause cell lysis, are the cause of this. ROS can be hydrogen peroxide, hydroxyl radicals (HO•), superoxide anions (O2−), or organic hydroperoxides[61, 62]. And  the production of Ag+ ions, which have the potential to adhere directly to the cell membrane and cause its destruction. One way that the nanoparticles cause cytotoxicity in bacteria is by allowing Ag+ ions to seep out of them. The stability of the cell membranes and the intracellular contents are harmed when the released Ag+ ions bind to the carboxylic groups, peptidoglycans, or lipopolysaccharides of the cell walls of either gramme positive or gramme negative bacteria[61, 62].
The antibacterial activity of non-calcined AgNPs and calcined AgNPs was evaluated using the agar well diffusion method against pathogenic bacteria, including Salmonella typhi, Pseudomonas aeroginosa, Escherichia coli, and Staphylococcus aureus. The results are displayed in Table 1 and Fig. 8a-d. Regarding gram negative bacteria Pseudomonas aerogenosa, non-calcined AgNPs showed the largest inhibition zone of 11 mm per 200μl (Fig. 8c); in contrast, straphylococcus aureus showed the lowest inhibition zone of 1 mm per 200 μl of concentration (Fig. 8d). This result indicated that Gram-negative strains were more vulnerable than Gram-positive strains[86]. This is likely caused by the thin peptidoglycan layer found in Gram-negative bacteria as well as the presence of an additional lipopolysaccharide outer membrane, which suggests the existence of a periplasmic membrane layer. It's feasible that this structure will facilitate NPs and released ions' entry into the cell. However, the thick coating of peptidoglycan found in the cell walls of Gram-positive bacteria contains covalently bonded teichoic and teichuronic acids, which may serve as a barrier against the inhibitory effects of AgNPs and Ag+[87]. Moreover, Gram-negative bacteria's interactions with NPs make them more vulnerable to the disintegration of cell walls. The negative-charged molecules covering this bacterium have a greater attraction for positive nanoparticles and produced ions. This leads to ion accumulation and absorption, which damages cells inside the cell[88].  The inhibitory activity of AgNPs was found to increase as the volume of the reaction mixture (non-calcined AgNps) increased. AgNPs synthesized by Lycopersiconesculentum extract did not exhibit growth inhibitory activity at low concentrations but rather demonstrated good inhibitory activity when the concentration was increased above 20 μg/ml according to  Maiti  et al. [89].AgNps produced by Streptacidiphilusdurhamensis culture supernatant are bactericidal at high concentrations and bacteriostatic at low concentrations [90]. According to earlier research by.  Mahmoud et al. [91] Paul et al. [92] Shanmugasundaram et al. [93] biologically synthesized AgNPs exhibited strong antimicrobial, larvicidal, and nematicidal activity.	Comment by PRIST: The explanation of differential susceptibility between Gram-positive and Gram-negative bacteria is appropriate; however, please reduce repetition and cite recent supporting literature.
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Fig 8.  Antibacterial activity of UncalcinedAgNps Agar well diffusion (a) E.Coli
(b) Salmonella typhi (c) Pseudomonas aeroginosa (d) Staphylococcus aureus
	Bacterial strain
	Test sample
	Lower conc(100μg)
	Higher conc(200μg)
	     MIC

	E.Coli
	AgNps
	3
	6
	100

	
	Ciproflaxacin
	NA
	7.5
	200

	Pseudomonas aeroginosa
	AgNps
	7
	11
	100

	
	Ciproflaxacin
	NA
	13
	100

	Salmonella typhi
	AgNps
	1
	3
	200

	
	Ciproflaxacin
	NA
	5
	200

	Staphylococcus aureus
	AgNps
	0
	1
	200

	
	Ciproflaxacin
	NA
	3
	200


Table 1  Minimum Inhibitory Concentration and Zone of Inhibition of AgNps. All values                      in the table is the mean of the outcomes of three independent experiments	Comment by PRIST: Zone of inhibition data should be clearly distinguished from MIC values. Please revise Table 1 headings and text accordingly to avoid methodological inconsistency. Caption on top
3.5. MTT Assay
MTT experiment revealed anticancer efficacy of Aq CCSC extract and AgNPs against MCF-7 breast cancer cells. Cell viability for Aq CCSC extract was 44.28 μg/mL, while Calcined AgNps demonstrated 40.57 μg/mL, and non-calcined AgNps had the lowest viability at 26.67 μg/mL. The results show that non-calcined AgNps has the highest anticancer activity. Non-calcined AgNps displayed the Cell viability decreased at all tested doses, indicating a concentration-dependent effect. The production of AgNPs significantly improved the anticancer efficacy of the Aq CCSC extract. AgNPs have been examined as a treatment for malignancies, including breast cancer [94].


Fig 9.Overlaid bar graph depicted the % cell viability values of MCF7 cells treated with various concentrations(6.25μg,12.5μg,25μg,50μg,100μg) of Aq CCSC after the incubation period of 24hours.


Fig 10.Overlaid bar graph depicted the % cell viability values of MCF7 cells treated with various concentrations(6.25μg,12.5μg,25μg,50μg,100μg) of Calcined AgNPs after the incubation period of 24hours


Fig 11.Overlaid bar graph depicted the % cell viability values of MCF7 cells treated with various concentrations(6.25μg,12.5μg,25μg,50μg,100μg) of Non-Calcined AgNps after the incubation for 24hrs


Fig 12.Overlaid bar graph depicted the IC50 values(44.28,40.57,26.67μg/ml) of given test compounds against the MCF7 cells after the incubation period of 24hours.

Discussion
AgNPs have several uses, such as cancer diagnostics and treatment, which makes their production very interesting [95]. Conventional techniques for creating nanoparticles sometimes use costly and dangerous chemicals, which provide dangers to the environment and biological systems [96]. As a result, in nanotechnology, biologically inspired synthesis techniques are becoming increasingly important. There are two primary ways for synthesising AgNP: "top-down" and "bottom-up." While the top-down method uses processes like grinding, milling, sputtering, and thermal or laser ablation to convert bulk materials into tiny particles, the bottom-up approach uses chemical or biological processes to cause atoms to self-assemble into nanoscale particles. It has been known for more than 2000 years that silver has therapeutic and preservation qualities. It is a rare, naturally occurring metal that is exceedingly ductile and malleable and somewhat harder than gold. The use of renewable resources, eco-friendly solvents, and nontoxic compounds is the main goal of green nanoparticle production. This can be accomplished with a variety of biological materials [97].
Metallic nanoparticles, particularly AgNPs, are transforming biomedical applications due to their functional properties [98]. Plant-mediated synthesis of AgNPs offers advantages such as low cost, energy efficiency, and environmental friendliness, with plant extracts providing diverse biomolecules that serve as reducing and capping agents [99]. The green synthesis of AgNPs extends their applications across various sectors, including electronics, clothing, food, paints, sunscreens, cosmetics, biosensing, medicine, drug delivery, and medical devices, due to their broad-spectrum bioactivities, which include antibacterial, antifungal, antiviral, antiprotozoal, anti-inflammatory, and anticancer properties [100] AgNPs and Fe3O4 nanoparticles are investigated for their potential as contrast or antitumoural agents in cancer therapy. They are frequently integrated into polymer matrix composites containing materials like collagen, chitosan, and polyethylene glycol, along with antitumoural agents like cytostatics and natural compounds. The advantages and disadvantages of employing silver and magnetite nanoparticles are examined, with a focus on their therapeutic and diagnostic potentials. The impact of nanoparticle size and shape is critical for improving the transport of analgesics and antitumoural components [101]. By ensuring that these nanoparticles are made without dangerous chemicals or solvents, green synthesis principles improve their potential for use in biomedicine [102].	Comment by PRIST: The manuscript discusses synergistic effects between plant phytochemicals and AgNPs; however, no direct comparative control (extract alone vs AgNPs) is presented. This should be clearly acknowledged as a limitation.
Numerous studies have shown that AgNPs made from plant extracts have promise antibacterial and anticancer effects. At a concentration of 20 mg/L, AgNPs derived from Artocarpus heterophyllus leaf extract, with an average crystallite size of 20 nm, effectively targeted HeLa cancer cells while sparing normal Vero cells, demonstrating their potential as selective anticancer agents [103]. AgNPs with an average size of 24 nm that were produced using Artemisia monosperma extract shown strong anticancer effects against MCF-7 breast cancer cells in another investigation. At concentrations of 10–100 μg/mL, the nanoparticles decreased cell viability by 13–86% in the MTT assay and 9–79% in the NRU assay, with an IC50 value of roughly 32 μg/mL, mostly through processes involving ROS production and mitochondrial dysfunction [104].	Comment by PRIST: While IC₅₀ values are reported, no comparison with normal (non-cancerous) cell lines is provided. This limits interpretation of selective cytotoxicity and should be acknowledged as a limitation.	Comment by PRIST: Statements regarding ROS generation and apoptosis are not experimentally validated in this study. Please revise such claims or clearly state them as hypothetical based on literature.
Caesalpinia crista potential as a therapeutic agent in cancer treatment has been highlighted by several preliminary investigations that have shown substantial anticancer capabilities [105], [106]. When it comes to pulmonary metastases, both crude plant extracts and their refined fractions have demonstrated anticancer efficacy [107]. Furthermore, the hydro-alcoholic extract of the plant has demonstrated chemopreventive properties against DMBA-induced skin papillomagenesis and provided protection against damage caused by gamma radiation [108].Aq CCSC extract has shown antiproliferative and anti-estrogenic qualities in MCF-7 breast cancer cell lines, indicating its potential as a treatment for breast cancers caused by oestrogen [109].
Nevertheless, the effects of the Caesalpinia crista extract by itself without the nanoparticles were not compared in the study. The main goal was to look into the synergistic interactions between the bioactive components in the extract and the nanoparticles, even if this might be a crucial area to examine. Such a comparison could be included in future research to better comprehend each component's unique contributions. Furthermore, assessing the combined effects of AgNPs and the extract on HeLa cells would assist discover potential synergistic interactions, even though the current work concentrated on AgNP cytotoxicity. Finally, fluorescence quantification was not carried out despite the qualitative evaluation of apoptotic activity. Future research using this quantitative method would improve the precision of measuring apoptosis and offer more comprehensive understanding of the apoptotic consequences of AqCCSC-mediated AgNPs.

4.0. Conclusion	Comment by PRIST: The conclusion should be more concise and quantitative. Please avoid repeating background information and focus on key findings, limitations, and realistic applications.
The characterization of non-calcined and calcined AgNPs was done to show the spherical shape of the AgNPs.The calcination temperature was raised, the size of the nanoparticles increased. The inhibitory activity of non-calcined AgNPs against pathogenic bacteria was determined in this study by using Aq CCSC extract. In order to investigate the impact on the morphology, size, and antibacterial qualities of the synthesized AgNPs, they were also calcined at 200ºC for thirty minutes. Findings indicated that the reaction mixture, or non-calcined AgNPs, exhibited strong pathogen-inhibitory activity. On the other hand, following calcination, AgNPs size, shape, and antibacterial properties altered. According to the well diffusion method in agar plates, the calcined AgNPs did not inhibit any pathogenic bacteria at the tested concentration because of calcination all the phytochemicals have degraded adhered to Ag nanoparticles. Non-calcined AgNPs have such strong inhibitory potential that they can be utilised in food packaging and biological fields. The MTT assay results suggested us that the given test compounds,Aq CCSC extract, Calcined and Non-calcined AgNps were effectively toxic with IC50 values of 44.28μg/ml, 40.57μg/ml and 26.67μg/ml against Human breast cancer cells after the 24hours of incubation	Comment by PRIST: The manuscript contains numerous grammatical errors, inconsistent terminology (AgNps/AgNPs; uncalcined/non-calcined), and long repetitive sentences. Professional English language editing is strongly recommended before acceptance.
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