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A B S T R A C T   

The present research work, green synthesis of silver nanoparticles (Ag NPs) was synthesized from 
silver ions using the reducing and capping agents of Aegle marmelos leaf extract. Initially, UV–vis 
spectrophotometry absorption of the Surface Plasmon Resonance centre at 450 nm was confirmed 
the formation of Ag NPs. Preliminary phytochemical and FT-IR analysis indicate the identification 
of secondary metabolised flavonoids that act as the reducing and capping agent of the synthesized 
Ag NPs. Transmission electron microscope analysis, morphology of Ag NPs shown by transmission 
electron microscopy is spherical with a size range of ~30–50 nm. The synthesized Ag NPs were 
investigate the in-vitro anticancer, antimicrobial and antioxidant activity, results shows the po-
tential activity against the standard drugs. The Ag NPs also revealed the cytotoxicity against 
MDA-MB-231 human breast cancer cells. The MTT assay shows the IC50 values at 125 ± 4.26 μg/ 
mL of Ag NPs compared to the untreated cells of negative control. The Ag NPs was excellent 
photocatalyst act as degradation of environmentally polluted Basic Fuchsin dye within 18 min.   

1. Introduction 

Cancer is the most widespread disease on earth that is uncontrollable by our human body’s cells. In particular, Breast cancer was 
the second most common malignant tumor, affecting mainly women and causing deaths worldwide [1]. Several categories of cancers 
can be identified. Chemotherapy is one of the standard treatment to improve the healthy cell [2–4]. Recently, the phenomenal growth 
of nanotechnology has ushered in a new era in materials research for significant applications in Physico-chemical science, biological 
science, nanotechnology, electronics, medicine, catalysis, optics, and bioengineering [5]. Among the noble metallic nanoparticles, 
silver nanoparticles (Ag NPs) have gained popularity in recent years due to their numerous applications, such as antioxidant, anti-
bacterial, anti-angiogenic, wound healing, anti-inflammatory, anticancer activity [6]. Among the several metals, silver was gaining 
popularity due to its well-known medicinal properties [7]. Now-a-days medicinal plant extract mediated synthesis of Ag NPs shows the 
therapeutic applications [8]. Specifically, Piper nigrum seed [9], Bergenia ligulata (whole plant) [10], Leucas biflora (Vahl) Sm. leaf [11], 
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Abutilon indicum leaves [12], Scutellaria multicaulis stem [13], and Baccaurea ramiflora (Latka) Juice [14] extracts used in the 
green/biosynthesis of Ag NPs shows the potential biological therapeutic remedies especially antioxidant, antimicrobial and anticancer 
activity. 

Organic dyes are mostly used in textiles, paint, paper, leather, food, plastics, cosmetics, pharmaceuticals industries etc. [15,16]. 
These industries, which dump dye waste straight into the water, have emerged as a major contributor to pollution in the global 
environment [17,18]. Every year approximately 700 million kg of the wastewater dyes are being discharge to land, soil, and air [19]. 
The dye wastewater had a significant impact on our human and animal bodies, as well as the plant kingdoms. Recently, several 
physic-chemical and biological techniques such as physical adsorption, electrochemical oxidation, photodegradation, reverse osmosis, 
catalytic wet oxidation, biodegradation, and chemical reduction methods has been developed to removal of waste dye [20–22]. Few 
approaches were used to degrade or reduce the waste dyes are economically high and larger procedure to get a lower energy efficient 
output. Among biosynthesized MNPs employed, as an attractive catalyst in the reduction/degradation of wastewater dyes seems to 
have a cost-effective and energy-efficient method. 

Aegle marmelos L., (A. marmelos) also known as bael (bili or bhel, Bengal quince, golden apple, Japanese bitter orange, stone apple, 
or wood apple) belongs to the Rutaceae family. A. marmelos is used as a therapeutic plant in India’s traditional system of medicine, 
Ayurveda. Moreover, its various parts are used to treat a variety of ailments. It checks glucose levels and aids in the maintenance of 
healthy digestive tracts. Bael has many advantages and uses, for example to fix tuberculosis, diarrheal, clogging, helpful in worm 
pervasion and stomach-related issues. It contains tannic corrosive, unpredictable oil, adhesive fluid, and polyphenols alkaloids, ter-
penoids, and phenylpropanoids that help in the decrease of the metal [23,24]. A. marmelos plant has a natural healing capacity as well 
as anti-inflammatory, antipyretic, anti-diarrhoeal, anti-diabetic, analgesic, antimicrobial, radio protective, anticancer, and antiviral 
properties in various parts [25]. A diverse range of bioactive molecules produced by plants is a rich source of different types of 
medications. Nowadays, most drugs are obtained from natural sources or semi-synthetic derivatives of natural products, which are 
mostly used in traditional systems of medicine [26]. Although the literature has reported on the strong medicinal potential of the 
various parts of A. marmelos leaf extract, there is no available data in the literature for the green fabrication of A. marmelos leaf 
extract-mediated Ag NPs that a biocompatible and cost-effective surface-bioactive agent for cancer cells. Therefore, this study was 
design to fabricate Ag NPs using a biological system and evaluate potential toxicity and the general mechanism of biologically syn-
thesized Ag NPs in MDA-MB-231 human breast cancer cells. 

2. Materials and methods 

2.1. Collection of A. marmelos and its extraction method 

The chosen, healthy and naturally grown A. marmelos leaf plants were collected in Tirunelveli district, Tamil Nadu, India. Her-
barium specimens were gathered, and their taxonomic identity was verified by Dr. M. Uthayakumar, a taxonomist and assistant 
professor in the department of plant science at Manonmaniam Sundaranar University in Tirunelveli-12. A. marmelos leaves were 
collected locally, cleaned thoroughly with running tap water and then Milli-Q water to eliminate all visible contamination, chopped 
into tiny pieces, and dried at room temperature. About 10 g of the leaf were taken in the 250 mL Erlenmeyer flask and added 100 mL 
deionized water then boiled for 30 min at 80 ◦C. The unwanted material was filtered out with the help of Whatmann No.1 filter paper. 
The filtrate (yellow colour) was collected and used for further studies. 

2.2. Green synthesis of Ag NPs from silver ions 

About 15 mL of 1 mM solution silver nitrate was taken in a 50 mL conical flask and 1 mL of A. marmelos leaf extract was added drop- 
wise. The reaction mixture’s colour changes from colourless to yellowish brown indicating the product formation of Ag NPs. The 
formation of Ag NPs was periodically monitored by UV–Vis spectroscopy at different time intervals. The product Ag NPs was separated 
by triplicate centrifugation at 8000 rpm for about 20 min and washed with deionized water. The obtained residue was dried in a 
vacuum oven at 70 ◦C for 6 h. Finally, the obtained powder was collected and stored in a refrigerator for further use [27]. 

2.3. Characterization of synthesized Ag NPs 

The synthesized Ag NPs were periodically characterized by various spectral techniques. The Ag NPs were recorded using LAMBDA 
XLS, PerkinElmer model UV–vis. spectrophotometer between 200 and 800 nm. XRD data were recorded by ECO D8 Advance elemental 
composition analyzer (Brucker). The functional group responsible for the Ag NPs was also analyzed by FT-IR (Thermo Scientific 
Nicolet IS5 Spectrometer) in the wave number range 4000–400 cm− 1 and the morphology of Ag NPs was shown in a transmission 
electron microscope (JOEL JEM 21200). 

2.4. Antimicrobial activity 

The well diffusion method was performed on Muller Hinton agar with selected different concentrations (5, 10, and 25 μg/mL) of Ag 
NPs and A. marmelos, leaf extract was evaluated for antimicrobial activity [28]. The activity was tested against Gram-positive bacteria 
(S.aureus, Streptococcus Sp), Gram-negative bacteria (Klebsiella Sp, P. aeruginosa), and fungal strains (A.niger, Candida Sp, A. flavus, and 
Penicillium Sp) with Chloramphenicol and Nystatin as a positive control. At 30 ◦C, the plates were incubated for 24–72 h. Following an 
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incubation time, the zone of inhibition around the well was measured. 

2.5. Antioxidant analysis 

The method was performed according to the M.S. Blois, with slight modification [29]. An aliquot of different concentrations of 
A. marmelos leaf extract and Ag NPs (25–500 μg/mL) and 1 mL of methanol were mixed with 2.5 mL of 0.5 mM DPPH in methanol and 
the mixture was allowed to incubate in the darkroom for half an hour. At 517 nm, the absorption was measured by a UV–vis spec-
trophotometer. A blank and ascorbic acid of DPPH-methanol reagent without a sample is utilized to control. Each concentrate 
experiment is repeated at least three times. The below equation shows the scavenging activity which is calculated as a percentage 
applied. 

DPPH scavenging activity (effect % inhibition)=
[(

A (0) − A (1)
)] /

A (0)
]
× 100  

2.6. Anticancer activity of Ag NPs against MDA-MB-231 cell line 

The Human Breast cancer cell line (MDA-MB-231) were plated separately using 96 well plates with the concentration of (1 × 104 

cells/well) in DMEM media with 1X Antibiotic Antimycotic solution and 10% fetal bovine serum (Himedia, India) in a CO2 incubator at 
37 ◦C with 5% CO2. The cells were washed with 200 μl of 1X PBS, and then cells were treated with different concentrations of Ag NPs 
and A. marmelos leaf extract (25, 50,100,250, and 500 μg/mL). The plate system was replaced in an incubator for 24 h. After incu-
bation, MTT solution was added to each and every well. The plate was kept under dark conditions inside the incubator at 37 ◦C for 4 h 
on CO2 incubator. After 4 h, the supernatant content was removed and the purple-blue colour formation was diluted by adding 100 μL 
of DMSO. The absorbance was measured at 570 nm using a microplate reader. The cytotoxicity index was determined using the 
untreated cells as negative control. The optical density was used to calculate the percentage of cell cytotoxicity [30]. 

% Cell viability=(OD value for test / OD value for control) × 100  

% cytotoxicity= 100 − % cell viability  

2.7. Photocatalytic degradation of Basic Fuchsin dye 

The synthesized Ag NPs were used as photocatalyst in the degradation of environmentally polluted Basic Fuchsin (BF) dye. About 1 
mL of the catalyst (Ag NPs) was added into the 25 mL of dye solution (25 mg/L). The reaction mixture was irradiated direct solar light. 
During irradiation time, 3 mL of reaction mixture was taken in quartz cuvette and recorded to the UV–vis spectrophotometer in the 
wavelength range 200–800 nm at different time intervals. 

3. Results and discussion 

3.1. UV–vis spectroscopy analysis of green synthesized Ag NPs 

Green synthesis of Ag NPs was synthesized from 15 mL of 1 mM silver nitrate solution in the presence of 1 mL of A. marmelos leaf 

Fig. 1. UV–Vis spectroscopy of the green synthesized Ag NPs at different time intervals and insert image is colour change the formation. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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extract. The creation of Ag NPs was visually observed by the appearance of yellowish-brown (Insert Fig. 1) colour respectively in the 
reaction mixture [27]. The appearance of UV–vis spectroscopy surface Plasmon resonance (SPR) absorption peak at 450 nm (Fig. 1) 
were confirmed the formation of Ag NPs. The conversion of Ag NPs was periodically recorded by UV–Vis spectra at different time 
intervals. After 48 h, the absorbance intensity level difference was very slight. Therefore, to conclude the maximum amount of silver 
ions was reduced to Ag NPs. The SPR patterns and characteristics of Ag NPs strongly depend on particle size, stabilizing molecules or 
the surface adsorbed particles, and the dielectric constant of the medium [31]. 

3.2. FT-IR analysis 

FT-IR analysis determined the phytochemicals present in the A. marmelos leaf extract and synthesized Ag NPs as shown Fig. 2a. The 
wave number value at 3360 and 3439 cm− 1 was assigned as –OH stretching band in alcohols/phenolic compounds with strong 
hydrogen bonds or the –NH stretching band of amino groups [27,32]. The absorption band at 2900 cm− 1 can be related to –CH 
stretching vibrations and the observed band at 1626 and 1653 cm− 1 was suggesting the presence of carboxyl group (C––O) of aldehyde 
or ketone functional group arising for flavonoids and tannins derivatives. The band at 1384 cm− 1 can be related to the –CH bending 
vibration of alkane/alkene. Further FT-IR spectra of the extract band at 1203, 896, and 660 cm− 1 are recognized as a C–O group of 
aliphatic ester, N–H (1o and 2o amines) respectively. The overall spectral results indicate the leaves extracts presented phytochemicals 
compounds such as polyphenolic compounds of flavonoids, tannin, and coumarins, which might be involved the reducing and sta-
bilizing the synthesis of NPs. 

Fig. 2. Green synthesized Ag NPs; a) FTIR Spectrum; b) XRD Spectrum. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.) 
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3.3. XRD analysis 

The crystalline nature of Ag NPs was determined the X-ray diffraction (XRD) analysis as shown in Fig. 2b. The different diffraction 
peaks 2θ values at 37.8◦, 44.02◦, 64.2◦, and 77.1◦ correspond to the lattice planes at (111), (200), (220), and (311) due to the face- 
centered-cubic nature of metallic silver and corroborated with JCPDS file No 04–0783. Ondari and Nalini reported similar observations 
for Ag NPs synthesized using Tridax procumbens [33]. The Debye-Scherrer equation was used to determine the average particle size 
found to be 30–50 nm [34]. 

3.4. Morphology and sizes of Ag NPs 

The valuable information about the size and morphology shape of Ag NPs was identified through the High Resolution Transmission 
Electron Microscopy (HR TEM) image of synthesized Ag NPs (Fig. 3a&b). The particles were formed in a spherical shape with sizes 
ranging between 30 and 50 nm in diameter, non-aggregated, and highly dispersed on the surfaces [35]. Moreover, the HR TEM image 
Fig. 3c shows that the lattice fringe spacing is 0.23 nm. Fig. 3d shows the strong signals observed from the SAED pattern revealed 
concentric four rings at (111), (200), (220), and (311) were different crystallographic planes of FCC structure of metallic silver. The 
four-ring of the elemental silver confirmed the XRD analysis. The growth of the Ag NPs is mainly in the (111) plane at 3 keV, through 
the Energy-Dispersive Spectroscopy (EDS) analysis of Ag NPs Fig. 3e. Which consider as the peak characteristic of metallic Ag NPs is 
58.99% by weight, as confirmed by EDS [36]. Other signals originated from carbon and copper were other originated signal that is 
because of the TEM grid. The graphical representation of the histogram (Fig. 3f) of synthesized Ag NPs has an average particle size, of 
about 30–50 nm. 

3.5. Antimicrobial activity 

Many studies have shown the antimicrobial activity of Ag NPs against various pathogenic and multidrug-resistant microorganisms 
[37]. The antimicrobial activity of A. marmelos leaf extract mediated synthesis of Ag NPs showed excellent activity against the 

Fig. 3. TEM morphology images of Ag NPs; a) lower magnification image 100 nm; (b) higher magnification 20 nm; (c) Spherically-shaped Ag NPs 
showing fringe spacing of 0.23 nm; (d) SAED pattern; (e) EDX spectrum; (f) Particle size distribution histogram. 
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gram-positive and gram-negative pathogens such as Streptococcus Sp and Klebsiella Sp than Staphylococcus aureus, Pseudomonas aeru-
ginosa. Different concentrations of Ag NPs (5 μg/mL, 10 μg/mL & 25 μg/mL) were added the respective bacteria as shown in Fig. 4a-d. 
After 24 h, the zone of inhibition of Ag NPs was measured in mm as shown in Table 1. The antibacterial activity of synthesized Ag NPs 
was compared with A. marmelos extract, control, and standard antibiotic chloramphenicol. The graph result (Fig. 4e) shows the highest 
zone of inhibition was observed at 25 μg/mL of Ag NPs. In our results clearly indicated that the green synthesized Ag NPs shows 
effective potential antibacterial activity in the gram positive bacteria compared to gram negative bacteria. Recently, Ludwigia octovalvis 
[38], Solanum nigrum leaves [39], Mimusops elengi fruit [40] Salacia chinensis L [41] extract mediated synthesized Ag NPs was reported 
the antibacterial activity against the gram negative and gram positive stain. Similarly, the plant extract mediated green synthesized Ag 
NPs was investigated the antifungal activity against A. Niger, A. flavus, Candida Sp, and Penicillium Sp (Fig. 5(a–d)). The zone of in-
hibition results were interpreted the standard deviation of mean diameter are given in Table 2. All the tested Ag NPs shows strong 
antifungal activity against A. Niger, A. flavus, Candida Sp, and Penicillium Sp. The correct mechanism of the antifungal effect of green 
synthesized Ag NPs is not determined [42]. The Ag NPs were examining to the superior activity against the extract and standard 
commercial compound Nystatin. In our results, the synthesized Ag NPs demonstrated highest antifungal activity against Candida Sp, 
and Penicillium Sp (Fig. 5e). This results was corroborate with Cassia roxburghii aqueous leaf extract mediated synthesis of Ag NPs shows 
good antifungal activity against different fungi [43,44]. 

3.6. Antioxidant activity 

Free radicals, which cause destruction and mutation in cells, are dangerous to human health. Antioxidant shows a significant role 

Fig. 4. Well diffusion assay (a–e) to assess the bacterial potential of Ag NPs at three different concentrations 5, 10, 25 μg/mL against various 
bacterial strains (a) Klebsiella Species; (b) Staphylococcus aureus; (c) Pseudomonas aeruginosa; (d) streptococcus Species; (e) Antibacterial Activity. 
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Table 1 
Zone of inhibition (mm) at different concentrations of Ag NPs.  

S. No Name of bacterial species Zone of Inhibition (nm) 

5 μg/mL 10 μg/mL 25 μg/mL A. marmelos LE (25 μg/mL) 

1 S.aureus 7 7 9 7 
2 Streptococcus Sp 7 8 20 7 
3 Klebsiella Sp 9 9 11 7 
4 P.aeruginosa 7 8 9 7  

Fig. 5. Well diffusion assay (a–e) to assess the fungal potential of Ag-NPs at three different concentrations 5, 10, 25 μg/mL against various fungal 
strains (a) Aspergillus niger; (b) Aspergillus flavus; (c) Penicillium species; (d) Candida Species; (e) Antifungal Activity. 

Table 2 
Zone of inhibition (mm) at different concentrations of Ag NPs.  

S. No Name of fungi species Zone of Inhibition (nm) 

5 μg/mL 10 μg/mL 25 μg/mL A. marmelos LE (25 μg/mL) 

1 A.niger 10 12 15 9 
2 A.flavus 9 11 17 11 
3 Candida Sp 11 20 25 12 
4 Penicillium Sp 10 15 25 12  
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for the scavenging activity. Recently the natural products of phytochemical mediated green synthesized metal nanoparticles have been 
high antioxidant activity. DPPH free radical scavenging is a well known method to determine the antioxidant activity. In this study, the 
Ag NPs was added to DPPH at the time the solution measured wavelength absorption at 517 nm. The DPPH scavenging activity has 
increased with increasing the concentration of Ag NPs and standard ascorbic acid (Fig. 6). The DPPH is a stable free radical compound 
and can gain electrons from antioxidant molecules. The free radical scavenging activity of Ag NPs showed a maximum of 90% at IC50 =

99.37 ± 0.36 μg/mL and a similar concentration of standard ascorbic acid exhibited 80% inhibition at IC50 = 21.54 ± 1.5 μg/mL. The 
main reason is due to the presence of phytochemicals such as proteins, flavonoids, carbohydrates, and phenolic compounds to presence 
of –OH group. The high hydroxyl groups stabilized Ag NPs has responsible for potential antioxidant activity [45,46]. 

3.7. Anticancer activity 

The synthesized Ag NPs were determined the anticancer (cytotoxicity) activity in the MDA-MB-231 human breast cancer cells using 
MTT assay. MDA-MB-231 human breast cancer cells were also treated with different concentrations (25, 50, 100, 250, and 500 μg/mL) 
of synthesized Ag NPs and A. marmelos leaf extract for different dose concentrations. After, 24 h the treated cells were examined the 
changes of nuclear morphology (Fig. 7(a–f)). The cells viability was considerably reduced in the presence of green synthesized Ag NPs 
as compared with the positive/negative control. At 24 h treatment, the IC50 value of the phytoconstituted A. marmelos leaf extract was 
found to be 179.1 ± 5.73 μg/mL and synthesized Ag NPs was observed at 125 ± 4.26 μg/mL respectively. This result shows that the 
minimum dose of synthesized Ag NPs showed good cytotoxicity activity against the MDA-MB-231 human breast cancer cell line 
(Fig. 7g). A. marmelos leaf extract mediated synthesized Ag NPs have better and lower activity than the cytotoxicity results corroborate 
of previous reports [14,47–49]. Several studies suggest that the remarkable cytotoxicity (anticancer) of biologically synthesized MNPs 
was increased with the increasing concentration of NPs [50–53], and which are compared with Ag NPs and results are summarized in 
Table 3. 

3.8. Photocatalytic activity 

The photocatalytic degradation effect of Ag NPs was used as Nano catalyst in the degradation of environmentally polluted organic 
dye of BF dye under direct solar light. The cationic BF dye (Fig. 8a) solution was determined the UV–vis spectrophotometer absorption 
wavelength shows at 542 nm [54]. By the addition of Ag NPs in the BF dye solution to standby direct solar light, the dark red colour was 
changes to colourless within 18 min as shown in Fig. 8c (insert image). This colour changes were clearly identify the degradation of 
dyes [55]. The photocatalyst Ag NPs was added to BF dye solution, the progress of the dyes degradation was periodically monitored in 
two ways (direct irradiation of solar light and dark place) by UV–vis spectra at different time intervals. The reaction solution was 
monitored by without irradiation of solar light (dark place) condition, the BF dyes solution wavelength at 547 nm adsorption intensity 
was gradually decreased up to 70 min (Fig. 8b) indicating the degradation process very slow. Similarly the same BF dyes solution was 
irradiated direct solar light, the wavelength at 547 nm absorption intensity was gradually decreased the to confirm the degradation of 
BF dye within 18 min as shown in Fig. 8c. Therefore, the dye degradation process was faster under solar light irradiation than dye 
degradation in the dark. More electrons are available to oxygen from Ag NPs under solar light irradiation, increasing the reaction 
process [56]. The percentage of dye degradation calculated using [(C0-Ct)/C0] × 100 is about 93% and 98% in the dark and solar light 
irradiation respectively and which are compared with Ag NPs and results are summarized in Table 4. 

The photocatalytic activity of Ag NPs used BF dye degradation proposed mechanism has shown in Fig. 8d. The BF dye added Ag NPs 
catalyst was irradiation of solar light and to generate the electrons was easily migrating from valence band to conduction band gap thus 
time holes was formed in the valence band. In this process time, the photocatalyst of Ag NPs reaction mixture water (H2O) molecules 
were oxidized to form hydroxyl radicals (OH− *) and anionic superoxide radicals (O2

− ) were produced the holes respectively reported 
[57–59]. The holes were reacted with water or hydroxide (OH− ) ion, which absorbed into the surface of Ag NPs to form hydroxyl 
(OH*) radicals. All the hydroxyl radicals (OH− *) and anionic superoxide radicals (O2

− *) are potential active species in the degradation 
of environmentally polluted organic BF dye molecules into H2O and CO2 molecules [60–62]. 

Fig. 6. DPPH assay: Antioxidant activity of Ag NPs.  
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Fig. 7. Anticancer activity of Ag NPs, (a) Control (MDA-MB-231 cells); (b) 500 μg/mL; (c) 250 μg/mL; (d) 100 μg/mL; (e) 50 μg/mL; (f) 25 μg/mL; 
(g) Cytotoxic activity. 

Table 3 
Comparative Studies Ag NPs from plants that inhibit the breast cancer cell line 
MDA-MB-231.  

Plant Part Used NP Size/NP Shape IC50 Ref. 

Baccaurea ramiflora (Latka) fruit 10–50 nm/spherical 140 μg/mL [14] 
Gracilaria edulis marine seaweed 62 nm/spherical 344.27 μg/mL [48] 
Bryophyllam daigremontianum leaves Spherical 175.04 μg/mL [49] 
Thymbra leaf 20 nm/graphene sheets 403 μg/mL [51] 
Prunus nepalensis fruits 35–50 nm/face centered cubic 158.5 μg/mL [52] 
Baccaurea ramiflora fruit 10–50 nm/spherical 140 μg/mL [53]  
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4. Conclusion 

In conclusion, a simple, facile, inexpensive, eco-friendly, and green synthesis of Ag NPs was synthesized from A. marmelos in an 
aqueous medium without employing manmade chemicals. The appearance of dark brown colour and UV–vis. spectral surface Plasmon 
resonance centre at 450 nm was confirmed the product of Ag NPs. The FT-IR analysis was determine the preliminary phytochemicals of 
flavonoids, carbohydrates hydroxyl/carbonyl group capped the formation of Ag NPs. HR TEM image showed a spherical shape with an 
average particle sizes 30–50 nm, whereas the crystalline structure of Ag NPs was observed by the SAED pattern. The presence of silver 
in the Ag NPs is 58.99% by weight, as confirmed by energy-dispersive X-ray spectroscopy. In this manner, Ag NPs were highly stable 
and strong antimicrobial and antioxidant activity than the corresponding A. marmelos leaf extract. The synthesized Ag NPs possess high 
anticancer activity against MDA-MB-231 cell lines than the A. marmelos leaf extract. Further, the Ag NPs exhibited excellent photo-
catalyst in the degradation of BF dye within 18 min for 98%. The present work was contributes the novel and alternative process in the 
cancer treatment and development of environmentally benign catalyst in the removal of dyes from industrial wastewater management. 

Fig. 8. Photocatalytic degradation of BF dye in the presence of Ag NPs; (a) UV–Vis. spectra and the structure of BF dye; (b) The absorption spectra of 
FB dye in water in the presence of Ag NPs at different time intervals in the dark irradiation; (c) under Solar light irradiation; (d) Scheme postulated 
mechanism of photodegradation of BF dye by the aid of Ag NPs. 

Table 4 
Comparative Studies Ag NPs from plants that the photocatalytic activity of Basic Fuchsin Dye.  

Catalyst Conc. of dye Conc. of catalyst Degradation time (min) Degradation (%) Refs. 

Se NPs 20 mL 10 mg 34 min 100% [55] 
Fe NPs-JF 45.0 mL 50.0 mg 20 min 87.5% [63] 
Graphene Oxide/Zinc Oxide – graphitic nano sheet 300 min 92.5%, [54] 
Ag NPs 25 mL 1 mL 18 min 98% Present work  
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