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Introduction 

Nanotechnology innovations offer sustainable and 

environmentally benign methods to convert leaf waste into 

nanoparticles, adhering to green chemistry principles. This process 

utilizes the bioactive compounds of the leaves as reducing agents and 

stabilizers, which is preferable to traditional chemical synthesis, which 

often involves hazardous substances and high energy consumption.1 

Transforming leaf waste into nanoparticles will result in size ranges 

between 1 and 100 nm with unique properties representing a significant 

advancement in sustainable nanotechnology.2 Recent progress in green 

synthesis using natural agents has focused on biological methods as NPs 

are widely utilized in human-exposed environments. Although 

physicochemical methods can produce NPs, they are resource-intensive 

and involve toxic solvents, hazardous by-products, and surface 

imperfections.3 Natural extracts serve as an eco-friendly alternative to 

expensive chemical reducing agents in the green synthesis of metal or 

metal oxide nanoparticles (NPs).  
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This bottom-up approach offers a biogenic method for reducing metal 

precursors to NPs, which is not only environmentally sustainable and 

chemical-free but also cost-effective and scalable for industrial 

applications.1 Plant extracts are frequently selected for NP production 

because of their value and suitability for large-scale environmentally 

benign synthesis.2 Although the green synthesised AgNPs have been 

extensively investigated, research on the biosynthesis and applications 

of other metal and semiconductor NPs remains limited. Biofilm 

formation is crucial in antibiotic resistance, as these microbial structures 

adhere to surfaces and are encased in extracellular polymeric substances 

(EPS). This process begins with planktonic bacteria attaching to a 

surface. The presence of biofilms significantly enhances bacterial 

resistance to antimicrobial agents, including antibiotics. The increased 

resistance is linked to the extracellular polymeric substance (EPS) 

matrix, which hinders the entry of these agents. As a result, higher 

concentrations are required to achieve effective outcomes.4 The rise in 

multidrug-resistant infections has prompted the exploration of 

alternatives, such as silver nanoparticles, known for their strong 

bactericidal properties.5 AgNPs primarily act by releasing Ag+ ions, 

which disrupt bacterial cell membranes and essential processes leading 

to cell death.6 Nonetheless, existing research has largely emphasized the 

effectiveness of AgNPs in addressing bacteria that are linked to biofilm 

formation. 

Raphanus sativus, a popular vegetable, has been used in medicinal 

practices for cardiovascular, liver, gastrointestinal, and infections. 

Producing silver nanoparticles from radish leaves are more 

environmentally friendly method and on the other hand, they are not 

typically consumed by humans.7 They present promising avenues for 

further investigation, potentially serving as anticancer agents.  Ipomoea 

batatas, the sixth most abundant food crop globally, is rich in 

antioxidant properties and medicinal applications.8  
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The environmentally friendly production of silver nanoparticles (AgNPs) involves using plant 

material to develop biocompatible antibacterial substances, presenting sustainable substitutes for 

harmful chemicals. This study aimed to optimize the green synthesis of AgNPs utilizing leaf 

extracts from Raphanus sativus, Ipomoea batatas, and Ananas comosus. Various characterization 

techniques employed for the synthesized nanoparticles included UV–Visible spectrophotometry, 

FTIR (Fourier Transform Infrared) spectrophotometry, XRD (X-ray Diffraction), SEM (Scanning 

Electron Microscopy), TEM (Transmission Electron Microscopy), and DLS (Dynamic Light 

Scattering). The antibacterial and antibiofilm properties of nanoparticles were screened.  A 

noticeable color change confirmed the formation of nanoparticles. The UV–visible 

spectrophotometer displayed an absorbance peak at 450 nm. FTIR analysis identified the 

compounds that facilitated the reduction of silver ions, with functional groups such as OH, C-H, 

CHO, and N-H being detected. The DLS analysis indicated a zeta potential of -25.1 mV and a zeta 

average size of 62.44 d.nm. SEM examination revealed the silver nanoparticles as rod-shaped, 

measuring between 73.13 and 84.85 nm, while TEM showed spherical morphologies with an 

approximate size of 5 nm. The silver nanoparticles exhibited antibacterial properties against four 

gram-negative bacteria. Among them, AgNPs yield the highest zone of inhibition against 

Pseudomonas aeruginosa. The biofilm inhibitory capabilities of the biologically synthesized 

silver nanoparticles were assessed using Congo Red Agar, which provided qualitative results, and 

the microtiter plate method, which supplied quantitative data against Pseudomonas aeruginosa, a 

planktonic organism. This study highlights the potential applications of silver nanoparticles in 

addressing microbial kinetics, underlining their antibacterial and anti-biofilm effectiveness. 

Keywords: Raphanus sativus, Ananas comosus, Ipomoea batatas, Silver nanoparticles, 

Pseudomonas aeruginosa.  
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Various antioxidant compounds, including phenolic compounds, 

flavonoids, beta-carotene, anthocyanins, and caffeoylquinic acid 

derivatives, have been employed in traditional medicinal practices to 

remedy oral health problems.9 A novel and environmentally friendly 

method for synthesizing silver nanoparticles has been suggested, 

utilizing sweet potato leaf extract as a potential agent for both reduction 

and capping processes.10 

Research in Taiwan has revealed promising results in the synthesis of 

silver nanoparticles using agricultural byproducts, specifically Ananas 

comosus leaves. The phytochemicals found in these leaves function as 

both reducing and capping agents, facilitating the creation of stable 

oligomeric silver nanoparticle clusters. This innovative approach to 

nanoparticle production could have significant implications for 

biomedical applications.11 

While research on the bioactivity of silver nanoparticles synthesised 

from combined three leaves extract is extensive, there remains a 

significant gap, particularly in its role as an antibacterial and  

antibiofilm  agent  against Escherichia coli, Klebsiella aerogenes, 

Acenitobacter baumannii, and Pseudomonas aeruginosa. The research 

aims to explore the antimicrobial properties of silver nanoparticles 

(AgNPs) derived from above three distinct leaf varieties, with a 

particular emphasis on their capacity to suppress the development of 

biofilms. 

 

Materials and Methods 

Collection of leaves 

Leaves of Raphanus sativus (10°55'44.8"N, 79°23'35.3"E), Ipomoea 

batatas (10°55'40.4"N, 79°24'10.6"E), and Ananas comosus 

(10°55'53.3"N, 79°23'41.4"E) were collected in and around Korukai, 

Thanjavur District, Tamil Nadu, on December 2021. 

Preparation of Aqueous extract 

To prepare the aqueous extracts, leaf samples were initially subjected 

to thorough cleansing to eliminate impurities and fungal spores, 

followed by desiccation to remove moisture. The three leaf varieties 

were subsequently pulverized into fine powder using an electric grinder. 

A 250 mL beaker was used to combine 200 ml of distilled water with a 

10 g leaf mixture, which consisted of 3.3 g each from three different 

leaf types. The solution was subsequently subjected to heating in a 

mantle for 45 minutes. Following this, the extracts were permitted to 

cool at room temperature before undergoing filtration. This procedure 

is consistently applied to the preparation of all plant extracts in this 

study.12  

AgNPs synthesis 

The  synthesis  of  AgNPs  was  carried  out  by  mixing  AgNO3 solution 

with water extract of the leaves of three plants. The optimal 

concentration of AgNO3 solution at 2.0mM was determined for 

subsequent nanoparticle synthesis. Determination of the optimal  

concentration  of  AgNO3 was  carried  out  by adding  90  ml  of  

aqueous  solution  of  AgNO3 (2 mM)  with 10  mL of  aqueous  extract  

of Raphanus sativus, Ipomoea batatas, and Ananas comosus which is 

placed in  a  shaker  incubator  which  rotated  constantly  for  8  hours  

at room  temperature. Colour  change  to  dark  brown  was  taken  as  

an indication of synthesis of AgNPs. Then, the maximum absorption 

wavelength was determined using a UV-Vis spectrophotometer.13 

Investigated microorganisms for antimicrobial activity 

A study was undertaken to evaluate the antimicrobial properties of 

silver nanoparticles against four Gram-negative bacterial species: 

Escherichia coli, Klebsiella aerogenes, Pseudomonas aeruginosa, and 

Acinetobacter baumannii. The bacterial cultures were maintained on a 

nutrient agar medium composed of peptone, beef extract, and sodium 

chloride. To prepare for the experiments, the strains were initially 

grown in nutrient broth, promoting microbial proliferation during the 

logarithmic growth phase. 

 

 

Characterization of synthesized Ag NPs  

Fourier transform infrared study 

Functional group identification in the AgNPs was conducted using 

Fourier-transform infrared (FTIR) spectroscopy (Bruker Alpha 

T,Germany). This analytical technique provides insights into the 

molecular structure, typically derived from absorption spectra. To 

prepare a 50 ml AgNP colloid solution for FTIR analysis, optimal 

conditions were employed, including EFE (5%), 1 mM silver nitrate, 

and centrifugation at 20,000 rpm for 20 min. The pellets obtained were 

re-suspended and then lyophilized for a period of 16 hours.14 This 

analytical technique provides insights into the molecular structure, 

typically derived from absorption spectra. 

UV-Visible spectrophotometry 

The bio-reduction of silver ions in solution was monitored using UV-

visible absorption spectroscopy. A UV-visible spectrophotometer was 

employed to capture the spectra of the produced AgNPs. The absorption 

spectra were documented using a Shimadzu Co. UV-1800 

spectrophotometer (Japan), scanning from 200 to 800 nm with 1 nm 

resolution. AgNPs emit light at wavelengths ranging from 400 to 800 

nm, depending on their size, structure, and arrangement.15 

X-ray diffraction (XRD) 

For the X-ray diffraction (XRD) analysis, researchers applied the AgNP 

solution to a glass microscope slide. Desiccation of the samples took 

place in a heated air oven (HAO) set to 50 °C. This step was repeated 

until a uniform single layer was achieved. Analysis of the dried sample 

was then conducted using an X-ray diffractometer, Pan Analytical X-

pert pro system, Netherlands. This equipment utilizes a copper (Cu) 

source and operates with a voltage of 45 kV and a current of 40 mA.16 

Scanning electron microscope (SEM)   

Scanning electron microscopy (SEM) was used for analyzing the shape 

and form of AgNPs. The nanoparticles were processed by means of 

centrifugation at 15,000 rpm for 10 min. After which, the pellets were 

collected and further dried in a dehydration oven (50 °C) to remove 

residual moisture. The dried powder of silver nanoparticles obtained 

from the above method was subjected to energy-dispersive X-ray 

diffraction (XRD) using a Bruker X-flash finder (Bruker, Bremen, 

Germany). The prepared samples were investigated using an FEI Nova 

Nanolab 200 SEM (FEI Company Hillsboro, OR, USA). For all 

imaging and energy-dispersive X-ray (EDX) analyses the energy of the 

electron beam was set to 15 keV.17 

Transmission electron microscope (TEM) 

Transmission electron microscopy (Philips Tecnai G-10, Netherlands)  

was utilized to analyze the morphological characteristics of the 

synthesized nanoparticles (NPs). The process involved applying a 

single drop of the sample onto a copper grid, which was then dried 

under vacuum conditions. Images of the dried nanoemulsion were 

captured by TEM apparatus operates at 80 kV and is equipped with a 

tungsten source and an ultrahigh-resolution pole piece, achieving a 

resolution of 1.9 Å.18 

Dynamic Light Scattering (DLS) 

A portion of the synthesized nanoparticles was transferred into a plastic 

cuvette, and their average particle size and polydispersity index (PDI) 

were measured using dynamic light scattering (DLS) at 25°C with a 

detection angle of 90° via photon correlation spectroscopy (PCS). The 

nanoparticle dispersions were diluted with redistilled water to optimize 

the signal strength for the instrument, depending on the drug 

concentration. The zeta potential of the nanoparticles was analyzed 

using a Malvern Zetasizer Nano series (Malvern Instruments Ltd., 

Malvern, UK).19 

Antimicrobial assay 

Well diffusion technique 

To analyze the antimicrobial effect of the produced Ag NPs, the agar-

based well diffusion technique was utilized. Twenty milliliters of semi-

solid Mueller-Hinton agar (MHA) medium were used to prepare Petri 

dishes. Four test bacteria (Klebsiella aerogenes, Pseudomonas 
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aeruginosa, Escherichia coli, and Acenitobacter baumannii) were 

grown in nutrient broth for 24 hours.  

Following this, suspensions containing 1.5 × 10 CFU/mL were 

distributed on the MHA surface using a sterile brush. Six-millimeter 

diameter wells were then created in the inoculated plates and filled with 

AgNPs at concentrations from 25 to 100 µg/mL. The plates containing 

the four bacterial species were incubated for 24 hours at 37°C. In the 

experiment, tetracycline was utilized as a positive control. The 

effectiveness of the antimicrobial agent was evaluated by determining 

the size of the inhibition zone, which was measured in millimeters.20 

Minimum Inhibitory Concentration (MIC)  

The Minimum Inhibitory Concentration (MIC) is the least 

concentration that suppresses maximal microbial proliferation. This 

methodology involves the cultivation of microorganisms in suspensions 

containing various concentrations of silver nanoparticles. The 

experimental procedure was initiated by allocating 5 ml of nutrient 

broth into five sterilized test tubes. Subsequently, distinct AgNP 

concentrations (10, 20, 30, 40, 50µg/ml) were introduced into each tube, 

followed by the incorporation of 50µl of fresh bacterial culture. 

Subsequently, the tubes were subjected to a 24-hour incubation at 37 

°C. Data collection involved spectrophotometric measurements of 

optical density at 600 nm by (DROPLET, Digital Spectrophotometer, 

India). These measurements facilitated the construction of a graph 

illustrating the relationship between optical density and AgNP 

concentration. The concentration corresponding to the minimal optical 

density was designated as the MIC of AgNPs for a particular 

microorganism under examination.21 

Anti-biofilm assay  

Microtiter plate method 

The  anti-biofilm  activity  against P.  aeruginosa , was    evaluated    

using    crystal    violet    assay. AgNPs concentrations  of  50,  100,  150 

and 200 µg/mL  were prepared  using  96-well  plate.  Then  10  μLof  

bacterial  suspension  containing  1.5x108CFU/mL (0.5 McFarland’s 

standard) was inoculated into each well. Each test was performed  in  

triplicate.  After  24h  incubation  at  37°C,  the  growth medium  was  

discarded,  and  the  plates  were  washed  with  distilled water  and  

stained  with  200  μL  of  0.4%  crystal  violet.  After  20  min, the  stain  

was  removed,  and  the  excess  stain  was  rinsed  off  with  tap water 

(three times, 200 μL, each) before adding 200 μL of 95% (v/v) ethanol  

to  solubilize  the  crystal  violet.  From  the  dissolved  crystal violet 

into ethanol, 150 μLfrom each well were transferred to new 96 well 

plate for spectrophotometric measurement (OD590nm) in an ELISA 

reader.22 

Congo red method 

A qualitative methodology for identifying biofilm-producing bacteria 

involves evaluating chromatic alterations of colonies cultivated on 

Congo Red Agar (CRA) media. Congo red, 0.8 g of Congo red, sucrose 

(36 g), and brain heart infusion agar (BHI) agar (37 g/L) were used to 

prepare the CRA medium. The experiment employed two Petri dishes: 

a control dish without silver nanoparticle (AgNP) treatment and another 

treated with AgNPs. Both dishes were inoculated with bacterial 

cultures. The colonies were evaluated for their ability to produce 

biofilms by observing morphological shifts after a 24-hour incubation 

at 37 °C. Additionally, this approach demonstrated that AgNPs directly 

hindered biofilm development.23           

Results and Discussion 

Synthesis of AgNPs 

AgNPs were synthesized using leaf extracts from Raphanus sativus, 

Ipomoea batatas, and Ananas comosus. When these aqueous extracts 

were introduced into the silver nitrate solution, a noticeable color 

transition occurred, progressing from a lighter to a darker shade of 

brown. This color shift serves as an indicator of AgNP formation, as 

illustrated in Figure 1. Similar observations regarding the brown color 

change as a sign of silver nanoparticle production were documented.24               

Characterization of AgNPs 

UV –Visible spectra analysis 

 UV-Vis analysis confirmed the successful synthesis of AgNPs. The 

characteristic absorption peaks for AgNPs were detected between 410 

and 800 nm, with the most prominent peak occurring at 450 nm (Figure 

2). The results align with previously reported values, supporting the 

accuracy of the findings. Any variations may be attributed to differences 

in experimental conditions.25 A similar study also identified a 

characteristic Ag peak at 420 nm, confirming the presence of silver 

nanoparticles. Variations in peak position or intensity may result from 

differences in synthesis conditions.26 

  

Before synthesis        After synthesis                          Synthesized AgNPs 

 

Figure 1: Synthesis of silver nanoparticle by using aqueous extracts of Raphanus sativus, Ipomoea batatas and Ananas comosus leaves. 

FTIR (Fourier Transform Infra-Red spectroscopy) 

FTIR (Fourier-transform infrared) spectroscopy is a key analytical 

technique that confirms the dual role of plant extracts as capping and 

reducing agents. Additionally, this method aids in identifying the 

essential functional groups that contribute significantly to the 

production of metal nanoparticles. To elucidate the biomolecules 

responsible for AgNP formation and stabilization, FTIR spectra were 

acquired using a Nicolet IS10 instrument, spanning the range of 400–

4000 cm⁻¹. The spectra revealed that the synthesized AgNPs exhibited 

characteristic absorption peaks, with a band at 3470.40 cm⁻¹ attributed 

to OH stretching, a band at 2832.10 cm⁻¹ corresponding to aldehyde C-

H stretching, and bands at 2719 cm⁻¹ and 1630.30 cm⁻¹ assigned to 

CHO and N-H, respectively, as depicted in Figure 3. FTIR spectroscopy 

revealed functional groups in the leaf extract that were instrumental in 

both reducing and stabilizing silver nanoparticles (AgNPs). These 

constituents within the extract played a vital role in the formation 

process of AgNPs. These observations corroborate the occurrence of 

the reaction and successful formation of nanoparticles. A similar study 

demonstrated nanoparticle formation by detecting primary amine, 

carbonyl, and hydroxyl groups, along with other stabilizing functional 

moieties, using FTIR spectroscopy.27 

XRD (X-ray Diffraction)     

The crystal structure of AgNPs was confirmed by X-ray diffraction 

analysis. Figure 4 displays the XRD patterns of AgNPs derived from 

Raphanus sativus, Ipomoea batatas, and Ananas comosus leaves. The 
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analysis revealed five characteristic diffraction peaks at 31.03°, 36.37°, 

38.39°, 45.56°, and 65.60°, which were attributed to the 220, 200, 111,  

 

Figure 2: UV- visible spectrophotometry of synthesized AgNPs 

using Raphanus sativus, Ipomoea batatas and Ananas comosus 

leaves. 

 

Figure 3:  FTIR spectra of synthesized AgNPs from Raphanus 

sativus, Ipomoea batatas and Ananas comosus leaves. 

 

Figure 4 :X-ray diffraction analysis of biosynthesised AgNPs 

311 and 222 crystallographic planes of silver, respectively. The 

diffraction peaks at 2θ values of 38.62°, 44.84°, 64.49°, and 77.32° are 

associated with the (111), (200), (220), and (311) crystal planes, 

respectively. These observations align with our findings and confirm 

the characteristic features of AgNPs, suggesting a face-centered cubic 

crystal structure.28 

SEM (Scanning Electron Microscope) 

The precise structure of the AgNPs was revealed by SEM, which 

generally showed rod-shaped AgNPs in the Figure 5. The sizes ranged 

from 73.13 to 84.85 nm at a magnification of 45k. A similar study 

reported smaller AgNP sizes, with both spherical and rod-like 

morphologies ranging from 6.13 nm to 32.04 nm and an average size of 

15.76 nm. In contrast, the AgNPs obtained in this study ranged from 

73.13 to 84.85 nm at a magnification of 45k, indicating a larger particle 

size.24 

Transmission Electron Microscope (TEM) 

For preparation of TEM sample, the nanoparticles were diluted in water. 

Each TEM image shows uniformly dispersed nanoparticles. TEM 

analysis indicated that the synthesized AgNPs exhibited spherical 

morphology Figure 6. Based on the TEM images, the particles were 

estimated to be approximately 5 nm in size, with a considerable number 

predominantly exhibiting spherical shapes, as observed in a similar 

study.29 

Dynamic light scattering analysis (DLS) 

The size and electrical charge of silver nanoparticles (AgNPs) 

synthesized using aqueous leaf extract from three combined leaves were 

examined through dynamic light scattering (DLS). Figures 7 (A & B) 

illustrate the DLS profile of these synthesized AgNPs. This technique 

was employed to assess the characteristics of the silver nanoparticles 

produced via the aqueous leaf extract from Ananas comosus, Ipomoea 

batatas, and Raphanus sativus. Metal nanoparticles (NPs) with a 

negative zeta potential exhibit an enhanced ability to traverse biological 

membranes and are less prone to aggregation or mutual adhesion.30 A 

similar study reported silver nanoparticles synthesized using a 

microwave-assisted green synthesis method with an average particle 

size of approximately 98 nm and a zeta potential of -23.3 mV, as 

determined by dynamic light scattering (DLS) analysis. These findings 

align with our results, which also demonstrate AgNPs of similar size 

and surface charge characteristics.31 

 

Figure 5: SEM images of the sample at (A) 15,000× 

magnification with a 2 µm scale bar, showing an aggregated 

morphology, and (B) 45,000× magnification with a 200 nm 

scale bar, highlighting individual nanoparticle sizes and 

distributions; both images were captured at 10.00 kV EHT using 

an SE1 detector. 

The antimicrobial activity of biosynthesised AgNPs  

Well diffusion technique. 

The well diffusion technique, renowned for its efficiency and accuracy, 

was used to confirm the antimicrobial efficacy of AgNP extracted from 

three different leaf sources. The antibacterial potency of the AgNPs was 

assessed using various microbial strains, including Escherichia coli, 

Klebsiella aerogenes, Acenitobacter baumannii, and Pseudomonas 

aeruginosa. Silver nanoparticles derived from Raphanus sativus, 

Ipomoea batatas, and Ananas comosus were applied to the wells at 

varying concentrations (25, 50, 75, and 100 µg/ml). Tetracycline was 

used as the positive control (PC), while dimethyl sulfoxide (DMSO) 

was used as the negative control (NC). Figure 8 depict the antibacterial 

performance of AgNPs against bacterial cultures. P.aeruginosa 

demonstrated the most extensive inhibition zone when subjected to 
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AgNPs. The inhibition zone measurements obtained in this study align 

with findings from similar research, which examined both plant-derived  

 

Figure 6: TEM images of the sample at (A) 300,000× magnification with a 2 nm scale bar, showing a single nanoparticle with high 

contrast, and (B) 200,000× magnification with a 20 nm scale bar, depicting multiple dispersed nanoparticles; both images were acquired 

at 300 kV accelerating voltage. 

 

Figure 7: (A)The zeta potential and (B) size distribution value of the synthesized nanoparticles 

and commercially synthesized silver nanoparticles and identified 

maximum inhibition zones at a concentration of 100 µg/ml.32       

 

Figure 8: Zone of inhibition formed by various concentrations 

of biosynthesised silver nanoparticles 

Minimal Inhibitory Concentration (MIC)  

The biosynthesised AgNPs were analyzed to determine their MIC 

against Pseudomonas aeruginosa. The highest percentage of inhibition 

for AgNPs was observed at 50 µg/mL concentration, corresponding to 

the minimum OD value of 0.02 nm, as illustrated in Figure 9.  Figure 

10 demonstrates that as the concentration of AgNPs increases, the 

broth's turbidity decreases, indicating greater inhibition of 

Pseudomonas aeruginosa. A related study investigated the antibacterial 

activity of green-synthesized silver nanoparticles (AgNPs) against 

various Gram-negative foodborne pathogens. The minimum inhibitory 

concentration (MIC) values of the AgNPs ranged from 3.9 to 

7.8 μg/mL, depending on the specific bacterial strain tested. These 

findings suggest that AgNPs exhibit potent antimicrobial properties 

against Pseudomonas aeruginosa.33 

 

Figure 9: Minimal concentration of AgNPs for inhibition 
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Antibiofilm assay 

Congo red assay          

Effect of AgNPs on biofilm inhibition on Congo Red Agar plates. The 

control Figure 11(A), demonstrating that the plate was not treated with 

AgNPs. Biofilm formation in the control plate indicated that 

P.aeruginosa was a biofilm-forming bacterium. Figure 11 (B) 

illustrates the plate treated with AgNPs and indicates biofilm inhibition. 

A similar study reported silver nanoparticles synthesized through a 

biosynthesis method, exhibiting effective inhibition of Pseudomonas 

aeruginosa biofilm formation as assessed by the Congo Red Agar assay. 

The results were consistent with our findings, where the biosynthesized 

AgNPs similarly disrupted biofilm formation and inhibited bacterial 

growth, suggesting their potential as effective antimicrobial agents.6 

 

Figure 10: Turbidity of broth decreases as the increase in the 

concentration of AgNPs             

                            

Figure 11: (A) Control plate and (B) Plate treated with AgNPs 

Microtiter plate method 

To evaluate the capacity of AgNPs to impede biofilm development, 

researchers employed crystal violet staining techniques. The reduction 

in color intensity clearly indicates the extent of biofilm inhibition. 

Treatment with higher concentrations of AgNPs, ranging from                    

50 to 200 μg/mL, resulted in increased anti-biofilm formation in the 

tested bacterial strains (Figure 12). The observed biofilm inhibition 

specifically targeted P.aeruginosa. The results reinforce the 

understanding of AgNPs biological impact, as observed in previous 

studies.34 

 

 

 

Figure 12: Reduction in violet color intensity due to increase in 

concentration of AgNPs 

 

Conclusion 

In conclusion, the research demonstrated the AgNPs were effectively 

biosynthesised through a simple, safe process utilizing the extracts of 

three leaves - Raphanus sativus, Ipomoea batatas, and Ananas comosus. 

The leaf extracts function as reducing agents for nanoparticle synthesis. 

Characterization of silver nanoparticles were performed using various 

analytical techniques like SEM showed the rod shaped and TEM 

revealed the spherical morphology, UV-Vis spectroscopy, FTIR, XRD, 

and DLS confirmed the presence of AgNPs. These nanoparticles 

demonstrated a maximum inhibitory zone against Pseudomonas 

aeruginosa at 100µg/ml and exhibited a minimum concentration to 

inhibit bacterial growth at 50µg/dl. At 200µg/ml, AgNPs displayed 

antibiofilm activity against P.aeruginosa. These results indicate that 

green-synthesized AgNPs from the aqueous extract of the three-leaf 

combination (Raphanus sativus, Ipomoea batatas, and Ananas 

comosus) may be effectively utilized to control biofilm formation 

against Pseudomonas aeruginosa. Moreover, in-depth investigations 

into the molecular mechanisms behind the antibacterial and antibiofilm 

activities could offer valuable insights into the precise interactions 

between the nanoparticles and microbial cells, as well as potential 

resistance pathways. The biocompatibility and toxicity of these 

nanoparticles in vivo must also be thoroughly evaluated to ensure their 

safety for clinical use. 
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