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Abstract 
 

This study explores the green synthesis of silver nanoparticles using Raphanus sativus leaf extracts, focusing on the 
identification of bioactive compounds responsible for nanoparticle stabilization and their characterization using a range of 
analytical techniques. Ultraviolet–Visible (UV-Vis) spectroscopy confirmed the successful synthesis of Rs-AgNPs, 
characterized by a distinct absorption peak at 435.009 nm. Fourier-transform infrared (FT-IR) spectroscopy revealed 
absorption bands indicative of phytoconstituents acting as capping agents. SEM investigation indicated that the dimensions 
of the Rs-AgNPs varied between 30 and 50 nm, while X-ray diffraction (XRD) analysis determined an average crystalline size 
of 21.85 nm. The photocatalytic efficiency of Rs-AgNPs was evaluated by the breakdown of methylene blue (MB) during UV 
light exposure. The DPPH and ABTS radical scavenging assays were used to assess antioxidant activity, yielding IC50 values of 
18.41 and 25.78 μg/mL, respectively. Marked inhibitory effects were seen when evaluating antibacterial efficacy against 
Gram-positive (Listeria monocytogenes and Staphylococcus aureus) and Gram-negative (Escherichia coli and Pseudomonas 
aeruginosa) bacteria. An effective dosage-dependent inhibitory effect with significant zones of inhibition was observed for 
all examined bacterial strains. Furthermore, the inhibition experiments for α-amylase and α-glucosidase demonstrated 
encouraging antidiabetic effects, yielding IC50 values of 180.34 and 150.58 μg/mL, respectively. Silver nanoparticles 
synthesized from Raphanus sativus leaf extract exhibit antioxidant, antibacterial, and antidiabetic activities, indicating their 
potential in managing oxidative stress, combating bacterial infections, and supporting diabetes treatment. 
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1. Introduction 

Nanotechnology is an emerging and rapidly advancing 

discipline that has gained global attention due to the unique 

physicochemical and biological properties exhibited by 

nanomaterials.[1] This field enables the fabrication of novel 

materials with precise control over size, shape, and surface 

characteristics at the nanoscale. Nanoparticles play a vital role 

in diverse sectors, particularly in healthcare, energy 

production, and energy storage.[2] Metal nanoparticles can be 

synthesised using various approaches, including chemical, 

physical, eco-friendly (green), and hybrid methods. Among 

these, plant-based synthesis offers a sustainable and 

environmentally benign platform, as plants are biodegradable, 

biocompatible, and capable of producing nanoparticles in a 

cost-effective and eco-friendly manner.[3] Green synthesis 

typically utilises biological resources such as whole plants, 

fruits, roots, callus cultures, and other plant-derived materials. 

Fruit and vegetable wastes, although often discarded, possess 

substantial potential due to their abundance of vitamins and 

bioactive constituents. Peels from fruits and vegetables are 

particularly rich in nutrients such as vitamins, minerals, 

phenolic compounds, dietary fibre, and antioxidants.[4] For 

instance, apple peels contain high levels of vitamins A, K, and  
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C, along with significant amounts of calcium, potassium, and  

phenolic compounds, highlighting their value as a resource for  

nanoparticle synthesis.[5] 

Metallic and metal oxide nanoparticles, especially silver 

nanoparticles (AgNPs), are widely employed across various 

fields, including agriculture, catalysis, bio-labelling, and 

biomedical sciences.[6] AgNPs are highly regarded for their 

potent antimicrobial properties,[4] which make them suitable 

for applications in food packaging, household products, and 

medical devices. In addition to antimicrobial activity, they 

exhibit antiplatelet, anticancer, and antioxidative properties.[7] 

Green synthesis using vegetable waste has emerged as an 

innovative and sustainable method for AgNP production, as it 

utilises readily available waste materials, reduces 

manufacturing costs, and avoids the use of hazardous 

chemicals.[8] Previous studies have employed waste materials 

such as potato peels and coriander stems to synthesise AgNPs, 

with investigations focusing on their cytotoxic, antibacterial, 

anticancer, and antioxidant activities.[9] Comparative analyses 

have also been conducted on the levels of secondary 

metabolites such as flavonoids, alkaloids, and phenolics in 

crude extracts versus AgNP formulations. Furthermore, 

enzyme inhibition assays, including protein kinase and α-

amylase inhibition, have been used to evaluate the potential 

therapeutic efficacy of biosynthesised AgNPs.[10] 

Recent research has increasingly emphasised the 

biosynthesis and characterisation of silver nanoparticles 

derived from vegetable waste, highlighting their relevance to 

green chemistry and sustainable nanotechnology. Green-

synthesised AgNPs are not only environmentally favourable 

but also commercially viable, with the added benefit of being 

free from toxic chemical residues.[11] Plant extracts contribute 

to the stabilisation and reduction processes during 

nanoparticle formation owing to their intrinsic antioxidant and 

antimicrobial constituents. Kitchen waste has emerged as a 

valuable source of bioactive compounds for nanoparticle 

synthesis, as fruit and vegetable peels often contain up to 15% 

higher concentrations of phenolic compounds than the edible 

pulp.[12] This approach enhances waste utilisation, improves 

process efficiency, and supports sustainable waste 

management strategies. Biosynthesised AgNPs have 

demonstrated significant antibacterial activity, indicating their 

potential for applications such as the preservation of fruits and 

vegetables.[13,14] The present study focuses on the biosynthesis 

and characterisation of silver nanoparticles using ethanolic 

leaf extract of Raphanus sativus. Additionally, the biological 

properties and photocatalytic dye degradation potential of the 

synthesised AgNPs were evaluated to explore their suitability 

for environmental and biomedical applications. 

 

2. Materials and methods 

2.1 Materials 

Silver nitrate (AgNO3), Muller Hilton Agar, 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT), 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2′-

azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), and 

dimethyl sulfoxide (DMSO) were obtained from HiMedia. All 

supplementary compounds utilized were of analytical grade 

and obtained from reputable suppliers.  

 

2.2 Extraction of Plant Material 

2.2.1 Collection of plant material and preparation of 

extract  

Raphanus sativus leaves were collected from Gumkhal, Pauri 

Garhwal, Uttarakhand, and taxonomically identified and 

verified by the Department of Botany, School of Sciences, 

IFTM University. A voucher specimen was deposited at this 

institution. The leaves were thoroughly washed with distilled 

water and then air-dried in the shade at ambient temperature. 

After drying, they were mixed into a powder using an electric 

laboratory blender.[15] 

 

2.2.2 Extraction  

A 100-gram sample was extracted with 600 milliliters of 99% 

ethanol using a Soxhlet apparatus for twenty hours. 

Subsequently, a rotary evaporator was used to concentrate 

filtered plant extract, then vacuum-dried to eliminate any 

residual solvents.[16] The % extract yield was determined using 

the following formula.  

Yield% = Weight of extract/ weight of dried plant 

material×100 

 

2.2.3 Phytochemical analysis  

A preliminary phytochemical screening was conducted to 

identify the components found in the extracts of Raphanus 

sativus. The methodologies outlined by Shukla et al. (2020) 

were employed to identify the compounds, such as phenols, 

triterpenoids, tannins, flavonoids, saponins, and alkaloids.[17] 

 

2.2.4 Green Synthesis of Silver Nanoparticles  

The synthesis of AgNPs was facilitated by the ethanol extract 

of Raphanus sativus leaves, serving as a natural reducing and 

stabilising agent. For optimal reducing strength, a 1 mM 

aqueous solution of silver nitrate (AgNO3) was used and 

mixed with a predetermined volume (1%, 2.5%, and 5% v/v) 

of the ethanol leaf extract. The findings were obtained at 

several temperatures (room temperature, 40 °C, 60 °C, and 

80 °C) to assess the impact of temperature on nanoparticle 

production. The creation of nanoparticles was visibly 
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confirmed by the colour shift from light yellow to brown, 

indicating nanoparticle generation via surface plasmon 

resonance. Reactivities were maintained between 10 and 120 

minutes to optimise the synthesis rate, while the pH of the 

solution was adjusted between 4 and 10 to assess its impact on 

nanoparticle production and stability. The optimal conditions 

for synthesis were determined to be a 5% extract concentration, 

a temperature of 60 °C, and a reaction period of 30 minutes, 

resulting in a neutral to slightly alkaline pH. Semidiurnal 

centrifugation facilitated the integration of the produced 

nanoparticles, which were further purified using distilled 

water and ethanol before being dried for further examination. 

 

2.3 Characterization of AgNPs 

UV−VIS Spectroscopic Measurements: The reduction of 

AgNO3 was investigated using Raphanus sativus leaf extract 

by analysing the ultraviolet-visible spectrum. An HMG 

Labtech SPECTROstar Nano spectrophotometer was used to 

do this work. This apparatus was designed to function within 

the wavelength range of 220−700 nm, with a resolution of 1 

nm. 

FT-IR Measurements: The KBr pellet method and a 

PerkinElmer FT-IR spectrophotometer were used to examine 

the functional groups in the plant constituents accountable for 

the reduction and stabilisation of Rs-AgNPs. The spectra were 

recorded with a spectral resolution of 1 cm⁻¹ throughout the 

range of 4000–400 cm-1. XRD Analysis: The morphology and 

crystallinity of the biologically synthesised Rs-AgNPs were 

analysed using Powder X-ray diffraction (PXRD). 

Performance of measurements was implemented using a 

PANalytical Xpert PRO X-ray diffractometer, employing Cu 

Kα radiation (wavelength: 1.540 Å), and functioning at 45 kV 

and 30 mA. The scan was conducted at a rate of 0.02° within 

the 2θ range of 30° to 90°. FESEM  The examination of 

surface shape, particle size, and elemental composition of 

metals in the biosynthesized Rs-AgNPs was performed using 

Field Emission Scanning Electron Microscopy (FESEM) with 

Energy Dispersive X-ray Spectroscopy (EDX). Morphology 

of the surface was analysed by ZEISS EVO scanning electron 

microscope at a magnification of 10,000×. The samples were 

attached to aluminium stubs using double-sided adhesive tape 

and later coated with a small coating of gold to enhance 

conductivity. The gold-coated samples were then examined 

microscopically to assess their morphology. 

 

2.4 Antioxidant Activity 

DPPH free radical scavenging method: The antioxidant 

potential of Rs-AgNPs was assessed by applying the DPPH 

radical scavenging technique. For the test, 100 μL of different 

doses of Rs-AgNPs and a standard (ascorbic acid) at 10 to 100 

μg/mL were combined with 100 μL of DPPH solution (0.1 mM 

in 80% ethanol). The reaction mixture was incubated in the 

dark at 37 °C for 35 half an hour. The Systronic UV-1800 

spectrophotometer was employed to measure absorbance at 

517 nm, with ethanol serving as the blank solution. The 

proportion of DPPH radical scavenging activity was 

calculated using the given formula.[18] 

% 𝑜𝑓 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 

=  
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 −  ( 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡)

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100 

ABTS Free Radical Scavenging Method: The ABTS radical 

scavenging activity of Rs-AgNPs was assessed at various 

doses using a standardised methodology. A bulk solution of 

ABTS was generated by combining 7 mM ABTS with 2.45 

mM K2S2O8, and then incubated at ambient temperature for 

one day. The stock solution was diluted with ethanol to 

achieve an absorbance of about 0.85 ± 0.20 at 734 nm, 

producing the working solution. Subsequently, 20 μL of Rs-

AgNPs at different concentrations were introduced into 180 

μL of the ABTS working solution. The reaction mixture was 

incubated at ambient temperature for 30 minutes, followed by 

absorbance measurement at 734 nm using a Systronic UV-

1800 spectrophotometer. Ascorbic acid was utilized as the 

standard reference, and the ABTS radical scavenging activity 

was determined using a standard formula.[19] 

𝑌𝑖𝑒𝑙𝑑  % =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑖𝑒𝑑 𝑝𝑙𝑎𝑛𝑡 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙
× 100 

Antidiabetic activity: 

Using the α-Amylase and α-Glucosidase assay, Rs-AgNPs 

were tested for their potential to prevent diabetes. 

Inhibition assay of α-amylase: 

The test for α-amylase enzyme inhibition was performed with 

slight changes in the method described by Kaur et al. (2023).[20] 

Acarbose (AC) functioned as the reference inhibitor for α-

amylase. The half-maximal inhibitory concentration (IC50) for 

each enzyme examined, except α-amylase, was presented as a 

percentage of inhibition. A particular formula was employed 

to determine the percentage of inhibition. 

% 𝑜𝑓 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 

=  
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 −  𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100 

Inhibition assay of α-glucosidase: 

The test for α-glucosidase enzyme inhibition was conducted 

with little modifications to the methodology described by 

Kaur et al.[21] Acarbose functioned as the positive control for 

the inhibition method, with the liberated p-nitrophenol's 

absorbance being quantified at approximately 400 nm. All 

experiments were performed in triplicate, except for the test 

substance. The percentage inhibition for enzymes other than 

α-glucosidase was evaluated and expressed as IC50 values, 

determined using the aforementioned method. 

Antibacterial activity using disc diffusion assay: 

The assessment of the antibacterial efficacy of Raphanus 

sativus and the biosynthesized Rs-AgNPs was performed 
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using the disc diffusion technique. A sterile brush was used to 

uniformly apply a bacterial inoculum suspension to solidified 

Muller-Hinton Agar (MHA) plates. The experiment included 

Gram-positive bacteria, especially Staphylococcus aureus 

(MTCC96) and Listeria monocytogenes, as well as Gram-

negative bacteria, notably Escherichia coli and Pseudomonas 

aeruginosa. Discs were subjected to treatment with Rs-AgNPs 

at doses of 20, 50, and 75 μg/mL before placement on the 

infected plates. For 24 hours, the plates were incubated at 

37 °C, following which the zones of inhibition were measured 

in millimetres. Erythromycin (10 μg/disc) functioned as the 

positive control, whilst DMSO acted as the negative control.[22] 

Photocatalytic activity analysis of biosynthesized silver 

Nanoparticles: 

0.1 grams of Ag nanoparticles were disseminated in 100 mL 

of Methylene Blue (MB) solution, culminating in a 

concentration of 10 mg/L. The suspension was meticulously 

agitated in the dark for 30 minutes to guarantee uniformity and 

attain balance before UV light exposure. At regular intervals, 

4 mL of the mixture was withdrawn and centrifuged at 5000 

rpm for 10 minutes to separate the Rs-AgNPs from the 

solution. A Systronics 118 UV-Vis spectrophotometer was 

used to detect the supernatant absorbance at its peak 

wavelength of 664 nm.[23,24] The degree of photocatalytic 

degradation was assessed using the following formula: 

Percentage Photodegardation = A1-AA1×100 

A1 indicates the prior absorbance of the sample, while A 

signifies the final absorbance of the sample. 

Statistical Analysis: The data analysis was conducted using a 

grouped approach with ANOVA in GraphPad Prism software. 

When comparing the treatment and control groups, a p-value 

of less than 0.05 was considered statistically significant. The 

results are presented as the mean ± standard deviation derived 

from three independent experiments. 

 

3. Results and discussion 

3.1 Extraction and phytochemical analysis  

The ethanolic extraction of Raphanus sativus leaf material 

resulted in a yield of 5.26%. The obtained extract was then 

subjected to qualitative phytochemical screening to identify 

the bioactive constituents responsible for the reduction and 

stabilization of AgNPs. The analysis indicated the presence of 

abundant secondary metabolites (Table 1), which are known 

to act as reducing agents for silver ions and as capping 

molecules that prevent nanoparticle aggregation, thereby 

enhancing their stability. Additionally, polar phytochemicals 

extracted using polar solvents are recognized for their 

significant contribution to nanoparticle synthesis and 

stabilization.[25,26] 

Pure extracts derived from leaf components often include 

a significant diversity of bioactive chemicals, including both 

primary and secondary metabolites. The predominant 

components are phenolic compounds such as flavonoids and 

phenolic acids, which exhibit significant antioxidant and anti-

inflammatory properties.[27] Terpenoids and essential oils, 

especially from aromatic plants, possess antimicrobial and 

fragrant properties. Saponins and glycosides, including 

flavonoids and cardiac glycosides, are often present and 

exhibit antifungal and antiviral properties, as well as immune-

modulating effects, respectively. Phytosterols, such as 5-

sitosterol, have anti-inflammatory and cholesterol-lowering 

properties.[28] Proteins, amino acids, carbohydrates, and 

polysaccharides, essential for nutrition and cellular signalling, 

may also be extracted from leaves. The content differs across 

various plant species, extraction solvents, and methodologies 

used; nonetheless, leaf extracts often include a plethora of 

multifunctional natural chemicals.[29] 

 
3.2 Characterization details  

UV-vis spectroscopy: 

The incorporation of Raphanus sativus leaf extract into the 

AgNO3 solution caused a colour transformation from pale 

yellow to reddish-brown after three hours. This discovery 

indicates the conversion of Ag⁺ to Ag0 nanoparticles, hence 

validating the bioformulation of Rs-AgNPs. The UV-vis 

spectra of the Rs-AgNPs displayed a prominent peak at around 

435 nm after 4 hours of incubation. UV-vis spectroscopy is 

often used for the structural characterisation of 

nanoparticles.[30,31] The detected absorbance peak at 435 nm is 

associated with the surface plasmon resonance (SPR) of the 

AgNPs. Many elements, such as the size and morphology of 

the nanoparticles, the dielectric properties of the synthesis 

medium, and the coordination among the nanoparticles, 

influence the SPR pattern. The augmentation of the SPR band 

intensity with the time of reaction further corroborates the 

production of AgNPs (Fig. 1). 

Fourier transform infrared spectroscopy: 

FTIR spectroscopy was ut i l ised to  determine the 

phytoconstituents present in the decrease and stabilisation of 

Rs-AgNPs. The FTIR spectra of the Rs-AgNPs exhibited 

notable absorption peaks at 3343.36, 2915.73, 2853.35, 

1590.97, 1301.23, 1015.59, and 815.32 cm-1 (Fig. 2), 

indicating the presence of secondary metabolites acting as 

capping moieties. The FTIR spectra of the Raphanus sativus 

leaf extract, in conjunction with the Rs-AgNPs, exhibited 

significant alterations in these peaks, the stabilization, 

encapsulation, and reduction of the nanoparticles.[32] A shift at 

3343.36 cm-1 corresponds to O−H or N−H stretching from 

phenolic chemicals present in the leaf extract. The peak at 

2915.73 cm-1 signifies C−H stretching linked to methylene 

oraliphatic groups, characteristic of triterpenoid saponins. 

Theband at 1590.97 cm-1 is due to the stretching of alkenyl or 

aromatic C=C bonds, while the band at 1301.23 cm-1 indicates 

−C−O stretching often seen in phenols or tertiary alcohols. 

The peak at 1015.59 cm-1 corresponds to O−H stretching in 

phenolic groups, while the band at 815.32 cm-1 is connected 

with C−O and C−S stretching, often seen in aliphatic chloro 

compounds.[33,34] The detected peaks are mostly linked to 

phenolic groups present in alkaloids, polyphenols, terpenes, 

and saponins, which are abundant in the leaf extract and are 
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Table 1: Screening of the ethanol extract of R. sativus flower for qualitative phytochemical properties. 

Phytoconstituents Ethanol extract 

Alkaloids - 

Flavonoids + 

Phenol + 

Saponins + 

Tannins + 

Triterpenoids + 

 

 
Fig. 1: UV-Vis Absorption spectra of AgNPs. 

 

 
Fig. 2: FTIR spectra of calcined AgNPs synthesis from zinc acetate and R. sativus leaf extract. 

 

crucial in the synthesis of Rs-AgNPs. The results are 

consistent with the phytochemical analysis conducted 

on  Raphanus sativus leaves. 

Powdered X-ray diffraction: 

The Powder X-ray diffraction (PXRD) pattern of the 

biologically synthesised Rs-AgNPs exhibited unique peaks at 

2θ values of 27.45°, 32.35°, 36.84°, 39.15°, 45.78°, 48.53°, 

53.78°, and 58.10° (Fig. 3). The observed peaks correspond to 

the (100), (002), (101), (210), (122), (110), (220), and (311) 

planes, respectively, validating the face-centered cubic crystal 

structure, with an average crystallite size of 21.85 nm for the 

AgNPs. Table 2 summerized miller indices, FWHM values, d-

spacing, and average crystallinity of AgNPs. The dimensions of 

the nanoparticles remarkably affect the patterns seen in XRD 

peaks. Several reducing agents present in the leaf extract are 

crucial for stabilising the AgNPs and preserving their 

crystalline form, a characteristic also seenseen in other 

biosynthesised nanoparticles.[35] 
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Fig. 3: AgNPs XRD patterns using Silver nitrate and R. sativus leaf extract. 

 

Table 2: Miller Indices, FWHM values, d-spacing, and average crystallinity of AgNPs were calculated. 

hkl Pos. [°2Th.] FWHM Left [°2Th.] d-spacing [Å] 

100 27.4574 0.2453 2.75334 

002 30.3578 0.3715 2.83152 

101 33.8451 0.3415 2.37877 

210 39.1534 0.3154 2.15305 

122 45.7855 0.3994 1.98730 

110 48.5354 0.3445 1.34558 

220 53.7845 0.3671 1.84551 

311 58.1045 0.5567 1.23238 

Average crystallite size      21.85nm 

The morphology of Rs-AgNPs was analysed using scanning 

electron microscopy (SEM). The Rs-AgNPs displayed various 

morphologies, including irregular, granulated, and ellipsoidal 

shapes, with some observed aggregation (Fig. 4). The SEM 

investigation indicated that the dimensions of the Rs-AgNPs 

varied between 30 and 50 nm. The microscopic Investigations 

indicated that the nanoparticles generally had a spherical 

morphology and were uniformly dispersed inside the sample. 

The substantial aggregation of AgNPs may be attributed to the 

dehydration process that transpired during the sample 

preparation for SEM examination.[36] 

Antioxidant Activity: 

The antioxidant efficacy of Rs-AgNPs was assessed in 

vitro using the DPPH and ABTS radical scavenging assays. 

The results demonstrated a concentration-dependent increase 

in the inhibition of Rs-AgNPs on both DPPH and ABTS 

radicals (Fig. 5). Ascorbic acid and quercetin served as 

positive controls for ABTS and DPPH assays, respectively. 

Rs-AgNPs exhibited enhanced free radical scavenging activity, 

with IC50 values of 18.41 μg/mL for DPPH and 25.78 

μg/mL for ABTS, compared to the standard compounds, 

which recorded IC50 values of 9.23 μg/mL (quercetin for 

DPPH) and 11.29 μg/mL (ascorbic acid for ABTS). Although 

Rs-AgNPs showed slightly lower antioxidant activity than the 

standards, the results were statistically significant (p < 0.05) 

compared to the negative control. The nanoparticles 

demonstrated effective neutral radical quenching in the DPPH 

assay and cationic radical scavenging in the ABTS assay. The 

DPPH test indicated the ability of AgNPs to donate electrons 

and neutralize free radicals, while the ABTS assay reflected 

the involvement of both electron and hydrogen atom transfer 

mechanisms in scavenging cationic free radicals.[37,38] 
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Fig. 4: FESEM images of AgNPs synthesized from ethanolic extract of R. sativus. 

 

 
Fig. 5: Correlation between isolated compounds and percentage of ABTS free radical inhibition. 

 

Antidiabetic activity: 

Type-2 diabetes mellitus is a prevalent metabolic condition 

defined by elevated blood glucose levels resulting from 

inadequate insulin production.[39] Many traditional Indian 

medicinal herbs have shown effectiveness in diabetes control, 

providing the benefits of accessibility and few adverse effects. 

Historically, plants have been a crucial source of medicines, 

with many modern treatments derived from them.[40] The in 

vitro inhibitory efficacy of Rs-AgNPs on α-amylase was 

assessed relative to acarbose, as seen in Figure 6. The graph 

depicts the variation in α-amylase inhibition at different 

concentrations of Rs-AgNPs, facilitating the determination of 

the IC50 value. The IC50 value for Rs-AgNPs was established 

at 180.34 μg/mL, indicating substantial α-amylase inhibitory 

activity. A statistically significant difference was observed 

when compared to acarbose (p < 0.05), suggesting the 

potential of Rs-AgNPs as a natural inhibitor. Similarly, the in 

vitro inhibitory efficacy of Rs-AgNPs on α-glucosidase was 

evaluated in comparison to acarbose (Fig. 6). The differences 

in α-glucosidase inhibition at varied sample concentrations 

enabled the determination of IC50 values for both Rs-AgNPs 

and acarbose. Rs-AgNPs exhibited significant α-glucosidase 

inhibitory activity, with an IC50 value of 150.58 μg/mL, also 

showing a statistically significant difference compared to 

acarbose (p < 0.05). These results demonstrate that Rs-

AgNPs possess promising antidiabetic potential through dual 

enzyme inhibition. 

Antibacterial Activity Using Disc Diffusion Assay: 

The assessment of the antibacterial efficacy of Rs-AgNPs was 

performed by applying the disc diffusion technique, focusing 

on both Gram-positive bacteria (S. aureus and L. 

monocytogenes) and Gram-negative bacteria (E. coli and P. 

aeruginosa), as seen in Fig. 7. Rs-AgNPs exhibited significant 

antibacterial activity, particularly against E. coli and P. 

aeruginosa, with inhibition zones of 16 mm and 17 mm, 

respectively, at the highest dose. The antibacterial activity of 

AgNPs is often more significant in Gram-negative bacteria, 

perhaps owing to variations in their cell wall composition. 

Gram-negative bacteria possess one layer of peptidoglycan 

within their cellular membrane, whereas Gram-positive 

bacteria have many layers, leading to a more rigid 

architecture.[32] Silver ions derived from nanoparticles 

demonstrate a propensity to bind with the negatively charged 

bacterial cell wall, resulting in modifications to its 

composition and permeability. This contact obstructs DNA 

replication and disrupts the expression of ribosomal proteins 

and other cellular components, resulting in the inactivation of 

essential enzymes and impeding ATP synthesis.[41,42] 
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Fig. 6: Correlation between isolated compounds and percentage of α-amylase enzyme inhibition. 

 

 
Fig. 7: Rs-AgNPs zone of inhibition against gram-positive and gram-negative bacterial stain. 
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Fig. 8: Percentage degradation of irradiation time vs. methylene blue dye in the presence of the Rs-AgNPs. 

 

Photocatalytic Activity: 

The UV light absorption spectrum demonstrated the 

degradation of MB dye and the role of Rs-AgNPs 

nanoparticles as photocatalysts, as shown in Figure 8. The 

decrease in absorbance at 664 nm with time indicates that 

AgNPs are effectively promoting the degradation process. A 

degradation efficiency of around 77% was achieved in 90 

minutes. The photocatalytic efficacy of the nanoparticles may 

be elucidated by analysing their surface area, shape, and 

crystallinity. Enhancing the material's crystallization and area 

of surface results in improved photocatalytic performance, 

hence affecting the total degradation efficiency.[43] 

An evaluation of the nanoparticles' physicochemical 

stability under various (environmental) circumstances is not 

carried out, even though the current work shows that Rs-

AgNPs were successfully synthesised and bioactive. Stability 

is one of the most critical criteria for the practical use of 

AgNPs. Future systematic investigations on stability will 

include diverse variables of temperature, pH levels, light 

exposure, and storage duration.[44] UV-Visible spectroscopy, 

dynamic light scattering (DLS), and zeta potential analysis 

will be used to monitor the temporal variations in particle 

aggregation, surface charge, and size distribution. 

 

4. Conclusion  

The biosynthesis of AgNPs using R. sativus offers several 

benefits, including cost-effectiveness, efficiency, and 

environmental sustainability. This approach enhances energy 

efficiency, reduces expenses, and promotes healthier 

workplaces and communities by protecting human health and 

the environment, resulting in decreased waste and more 

reliable products. The secondary metabolites responsible for 

the fabrication of nanoparticles via plant mediation 

demonstrate biocompatibility, making them suitable for 

various biomedical applications. Furthermore, the 

nanoparticles demonstrated photocatalytic, antioxidant, 

antidiabetic, and antibacterial properties against both Gram-

positive and Gram-negative bacteria, with effects that were 

contingent upon the dosage administered. This investigation 

highlights another important aspect of R. sativus, showcasing 

its ability to formulate AgNPs with water treatment and 

medical properties. 
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