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Article History: Abstract: Apart from huge interest in using biological control agents, 

nanoparticles are gaining popularity for their use as alternatives to 

chemical control agents against plant pathogens. Biologically 

synthesized silver nanoparticles are of particular interest due to their 

eco-friendly nature, generation of minimal hazards caused by products 

during synthesis and lesser toxicity of silver. In this study, we have 

optimized protocol for synthesis of antibacterial silver nanoparticles 

by using Adiantum venustum leaves and stem powder. The 

synthesized nanoparticles with ideal characteristics were used in 

different concentrations alone and in combination with plant extracts 

to inhibit Erwinia caratovora, Ralstonia solanacearum and 

Xanthomonas campestris. 2Mm stock solution of uncentrifuged 

AgNPs were used in different concentration by serial diluting the stock 

solution into 1mg/ml, 500µg/ml, 100µg/ml and 50µg/ml respectively. 

The above-mentioned concentrations showed different zones of 

inhibition against the used pathogens. In high throughout assays used 

to inhibit these plant pathogens, uncentrifuged nanoparticles showed 

highest activity against bacterial pathogens, suggesting the role of 

nanoparticles as delivery vehicles for antimicrobial secondary 

metabolites. This study can be exploited in plant assays using the same 

formulations of nanoparticles and tested microorganisms in controlled 

environment.  
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INTRODUCTION 
Nanotechnology is now making a mounting logic of 

anticipation in the field of science particularly 

biomedical and biotechnological devices. 

Nanoparticles encompass totally new and advanced 

goods created on exact characters such as shape, size 

and distribution. The need and scope of 

nanotechnology is on its high level because there is 

speedy emergence of antimicrobial resistance (AMR) 

which has emerged by different types of factors such 

as misuse and overuse of antimicrobials. 

Nanotechnology is helping to improve and develop 

medicines, transport, energy, food and science related 

to the biosphere and other. Nanotechnology is the 

only solution to the present days antimicrobial 

resistance to develop modified target drugs, in the 

form of nanoparticles, of different types of salt which 

will show broad spectrum activity. With the 

expression and development of microbial resistance in 

the many antibiotics there is adjustment and the 

discovery of new antimicrobial objectives. The term 

Nano: Greek-"Nanos" signifying "tiny/dwarf", refers 

to1 x 10−9 part of a substance. Nanoparticle is 

consequently characterized as a minuscule molecule 

of material with extent under 1 micron in one of the 

three possible extents. Nanoparticles which range 

between 1 nm to 100nm, and they are interestingly 

different merchaise than similar materials at unrivaled 

scale (Buzeaetal.,2007). Antimicrobial agents are 

synthetic or natural chemical substance shaving a 

static (inhibitory) or cidal (killing) action against 

microorganisms. Antimicrobial agents are synthetic 

or natural chemical substance shaving a static 

(inhibitory) or cidal (killing) action against 

microorganisms. It is stated that the antimicrobial 

mechanism of nanomaterial is because of their bigger 

surface area that enable straight interference with the 

microorganisms in different manners like penetrating 

the cell envelop, disturbance surface carriers, 

oxidizing cell parts, or produce secondary items for 

example melted substantial metal particles or 

oversensitive oxygen species (ROS) that increase the 

chances of cell killing (Li et al., 2008). Nanomaterials 

are well-known to restrict with cell chemicals and 

DNA or connect directly and make holes in the 

surface of microorganism, increasing permeability, 

leading to cell death. (Holt and Poet, 2005). Adiantum 

venustum, a maidenhair, is a species of fern in the 

genus Adiantum belongs to the family Petridaceae. 

The habitat of this plant is the upper local regions of 

swat Madayn Pakistan. It is also known as black 

Hasranj in India. The height of A. venustum is 15-

25cm tall and 0.9cm wide. The roots of A. venustum 

are rhizomatous and the whole plant makes a stead 

spreading mate. The scientific kingdom of this plant is 

plantae and the class is polypodiopsida. A. venustum 

is used in the treatment of headache, cold, 

hydrophobia and Inflammation of the chest. It is also 

used against viral diseases as an antiviral and against 

bacterial disease as antibacterial. A. venustum extract 

can be used for the treatment of diabetes liver 

problems and for the treatment of diuretics as it helps 

on the stimulation of antidiuretic chromones. A. 

venustum can be used for the treatment of cancer 

because of its ethanolic extract from the stem and 

leaves composed of terpenoids, phytosterols, 

flavonoids and saponins and some other substances 

that control cancer and show anticancer properties. A. 

venustum was also used in experiments on mice by 

injecting the extract of this fern into mice which shows 

sedation, muscles relaxation and hypnosis in mice 

 

MATERIALS AND METHODS 
Plant Collection 

A. venustum was collected from upper local region of 

Swat Madayan. After plant Collection, the plants 

were dried at room temperature. After drying stem 

and leaves were separated from each other and then 

converted into powdered form with the help of 

electrical grander. A. venustum leaves were then 

recycled for further amalgamation of AgNPs. 

Preparation of plant leafs extract 

 

Plant extract of A, venustum was prepared by boiling 

of 100 t0 1000mg of the dried leaves powder of A. 

venustum in 10ml of distilled water for 5 to 8 minutes 

till the formation of surface layer. The aqueous extract 

was cooled till room temperature. After the cooling 

down, the extract was filtered one time through a 

porous fabric and two times through Whatman filter 

papers. The extracts were then stored at 4 degrees 

centigrade for further analysis. 

Silver nitrate solution preparation 

 

Silver nitrate (AgNO3) solution was prepared by 

taking 0.17g of AgNO3 in 100 ml of distilled water in 

a bottle followed by gentle shaking to dissolve AgNO3 
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in water properly. Aluminum foil was wrapped 

around the bottle to prevent reaction of AgNO3 with 

light because AgNO3 is extremely sensitive to light. 

The extract of AgNO3 is then stored for further 

analysis. 

 

Table1: Assessment of different plant extract and AgNO3 concentration for AgNPs synthesis 

AgNO3 Mm Plant extract (mg/ml) AgNO3 + Plant extract 

8 8 8+8 8+6 4+8 2+8 

6 6 8+6 6+6 4+6 2+6 

4 4 8+4 6+4 4+4 2+4 

2 2 8+2 6+2 4+2 2+2 

 

Green synthesis of AgNPs using leaf extract 

To synthesize AgNps, AgNO3 (1Mm) and plant extract (2mg ml-1) were assorted in dissimilar ratios. Briefly, 700μl 

of plant extract was mixed with 300μl of AgNO3 (7:3 ratio). The following mixtures were prepared by increasing 

plant extract and decreasing AgNO3 volumes by 100 μl until the final ratio of 7:3 was reached. Besides, appropriate 

concentrations of plant extract and AgNO3 for optimal AgNPs synthesis were resolute in series of these reactions, 

containing mixtures of equal volumes of two-fold serial dilutions of AgNO3(20mM) and plant extract (100 to 0.79 

mg ml-1). These mixtures are either prepared in 1.5-ml Eppen dorf tubes by mixing 500μl of each reactant or in 96-

well microtiter plates by combining 100μl of each reactant. The permitted reactions to headway at room temperature 

for diverse time periods. 

 

Table.2.2: Synthesis formulation of biosynthesized nanoparticles at different ratios 

 

Plant extract(2mg/ml) + AgNO3 

1mM 

(v/v) ratios of Plant extract 

and AgNO3 

900 µl + 100 µl 9:1 

800 µl + 200 µl 8:2 

700 µl + 300 µl 7:3 

600 µl + 400 µl 6:4 

500 µl + 500 µl 5:5 

400 µl + 600 µl 4:6 

300 µl + 700 µl 3:7 

200 µl + 800 µl 2:8 

100 µl + 900 µl 1:9 

. 
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Fig.2.1 Graphical presentation of the research work 

 

 

Separation of Green synthesized Nanoparticles 

 

Unreacted plant extract and AgNO3 were detached by washing and pelleting (AgNPs) as continues. 1ml mixture 

reaction was centrifuged at 13,000×g at room temperature for 18minutes. Useless Supernatants were discarded and 

the re suspended of AgNP pellet in 1 ml distilled water by centrifugation at 13,000×g for 18 minutes. This procedure 

was continual four times. The subsequent AgNPs from centrifugation of five times were suspended in distilled water 

and used for description 

Antibacterial activity 

The inhibition assay was conducted by two-fold dilution of AgNPs. Comparison of plant extract with centrifuged 

and non-centrifuged nanoparticles was performed against five gram-negative Phyto pathogens. First, nutrient 

broth was prepared and autoclaved at 121℃ for 15 minute and cooled it on room temperature. The nutrient 

broth was then poured to test tube at a volume of 9ml, each bacterial culture is inoculated in a test tube and 

incubate it on different optimal temperature for 24 hours. Next, for the evaluation of antimicrobial action of 

AgNPs, nutrient agar media was prepared by adding 7-gram nutrient agar and 8-gram technical agar in 250 ml 

distilled water and then autoclaved the suspension for 45 minutes at 90-degree temperature. The medium was 

then transferred onto sterilized petri dishes and kept in the closed plastic bags at 6-degree temperature each 

bacterial culture was then spread with the help of spreader on the petri plates and wells of standardized size 

according to the concentration of Nano particles solution were then made in the petri plates. The plates were 

then placed in incubator at 37 degrees for 24 and 24 hours and zone of inhibitions were recorded. The AgNPs 

from centrifugation weighed on balance which was about 0.82mg. The nanoparticles were then completely 

dissolved in 40 ml distilled water, and the solution was diluted further to obtained 2Mm, 4Mm, 6Mm, 8Mm and 

10Mm stock solutions. 

 

RESULTS 
 Visual examination of the reaction mixture 

After 24 hours, the plant-mediated production of AgNPs was first demonstrated graphically, as varied ratios of plant 

extract (9:1) and AgNO3 (1:9) were mixed, resulting in a colour change to brownie. Different ratios of colour shifts 

revealed distinct surface plasmon resonance Peak of green-synthesized AgNps. 
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UV-vis spectroscopy 

The characterizations of green manufactured AgNPs were conceded out by using UV- spectrophotometer. The 

combination of above different proportions of plant extract and AgNO3 were inspected by UV-spectroscopy which 

showed a speed up in UV-Vis spectrum above 400, and increased to most noticeable range, from 400 to 450nm, using 

different plant extract and AgNO3 ratios 

 
Fig.3.1 Different ratios UV absorbance spectrum of 1 mM AgNO3 and 2mg/ml of A. venustum 

leaf and stem extract. 

 
EXTRACT 

(µl): 

1000 900 800 700 600 500 400 300 200 100 0 

AgNo3 

(µl): 

0 100 200 300 400 500 600 700 800 900 1000 

 

Figure2: Accurate ratios of AgNO3 and A. venustum leaf and stem extracts 

 

 

 

 

 



©2025 European Journal of Clinical Pharmacy;All Right Reserved 

 

2545 

 

How to Cite:AbbasM,  Ali.s, MansoorE, Ezza , AlamN, UllahA, AhmadA, UddinM, awaizD, AbbasS. Green 

synthesis of silver nanoparticles (AgNPs) by using Adiantum venustum leaf’s and stem extract and its 

antibacterial assay. European Journal of Clinical Pharmacy. 20258(1) 2540-2550 
 

  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Accurate UV spectrum peak of plant extract and silver nitrate at (7:3) ratio 

 
Antibacterial analysis 

The AgNPs synthesized, assessed NPs with plant extract and filtrate of plant extract from the leaf and stem of A. 

venustum was verified for bacterial inhibition assay in opposing concentrations. Every concentration of conduct 

showed us divergences influence of bacterial reticence. 

 

Antibacterial inhibition against Pseudomonas aeruginosa 
Different nanoparticles concentration from 2Mm stock solution were tested against P. aeruginosa and the plates stayed 

incubated for 24 and 28 hours for 37 degrees. After 24 and 28 hours, the zone of inhibitions were noted. At 1mg/ml 

the zone of inhibition was 14 nm. At concentration 500µg/ml the zone of inhibitions was 12 nm. Further at 

100µg/ml, the zone of inhibition was 7nm and at 50µg/ml, the nanoparticles showed 5nm zone of inhibition 

respectively. 

Fig4 Zones of inhibition of 2mM Ag-NPs against P. aeruginosa. 
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Table1: Effectiveness of Ag nanoparticles against P. aeruginosa 

S. No. Molar Solution Inhibition Zones (mm) 
Positive Control 50µg/ml 100µg/ml 500µg/ml 1mg/ml 

1 2 Mm 21 5 7 12 14 

Antibacterial inhibition against E. acaratovora 

Different concentrations of nanoparticles from 2Mm stock solution were tested against E. caratovora and the plates 

stayed incubated for 24 and 28 hours for 37 degrees. After 24 and 28 hours, the zone of inhibitions were noted. At 

1mg/ml the zone of inhibition was 17 nm. At concentration 500µg/ml the zone of inhibitions was 14 nm. Further at 

100µg/ml, the zone of inhibition was 13 and at 50µg/ml, the nanoparticles showed 10 nm zone of inhibition 

respectively. 

 

Table2:Effectiveness of Ag nanoparticles against E. caratovora 

S. No Molar Solution Inhibition Zones (mm) 

Positive control 50µg/ml 100µg/ml 500µg/m

l 

1mg/ml 

1 2Mm 18 10 12 14 17 

Fig5: Zones of inhibition of 4mM AgNps against E. caratovora 

 

Antibacterial inhibition against X. campestris 

Different concentrations of nanoparticles from 2Mm stock solution were tested against X. campestris and the plates 

stayed incubated for 24 and 28 hours for 37 degrees. After 24 and 28 hours, the zone of inhibitions were noted. At 

1mg/ml the zone of inhibition was14 nm. At concentration 500µg/ml the zone of inhibitions was 13 nm. Further at 

100µg/ml, the zone of inhibition was 11 and at 50µg/ml, the nanoparticles showed 9 nm zone of inhibition 

respectively. 

Table3: Effectiveness of silver nanoparticles against X. campetris 

S. No MolarSolution Inhibition Zones (mm) 

Positive Control 50 µg/ml 100 µg/ml 500 µg/ml 1mg/ml 

1 2 Mm 16 9 11 13 14 

 

Fig6: Zone of inhibition of 6mM silver nanoparticles against X. campestris 
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Antibacterial inhibition against X. oryzae 

Different concentrations of nanoparticles from 2Mm stock solution were tested against X. oryzae and the plates 

stayed incubated for 24 and 28 hours for 37 degrees. After 24 and 28 hours, the zone of inhibitions were noted. At 

1mg/ml the zone of inhibition was 10 nm. At concentration 500µg/ml the zone of inhibitions was 8 nm. Further at 

100µg/ml, the zone of inhibition was 7 and at 50µg/ml, the nanoparticles showed 5 nm zone of inhibition 

respectively. 

Table4 :Effectiveness of silver nanoparticles against X. oryzae 

S. No MolarSolution Inhibition Zones (mm) 

Positive Control 50µg/ml 100µg/ml 500µg/ml 1mg/ml 

1 2 mM 11 5 7 8 10 

 

                                                  
Fig7 Zone of inhibition of silver nanoparticles against X. oryzae 

 
Antibacterial inhibition against Ralstonia Solanacearum 

Different concentrations of nanoparticles from 2Mm stock solution were tested against R. Solanacearum and the 

plates were incubated for 24 and 28 hours for 37 degrees. After 24 and 28 hours, the zone of inhibitions were 

noted. At 1mg/ml the zone of inhibition was 9 nm. At concentration 500µg/ml the zone of inhibitions was 6 

nm. Further at 100µg/ml, the zone of inhibition was 4 and at 50µg/ml, the nanoparticles showed 2.5 nm zone 

of inhibition respectively. 

Table5: Effectiveness of silver nanoparticles against R. solanacearum 

S. No Molar Solution Inhibition Zones (mm) 

Positive Control 50µg/ml 100µg/ml 500µg/ml 1mg/ml 

1 2 mM 20 2.5 4 6 9 

 

Fig8: Zone of inhibition of 10mM Ag nanoparticles against R. solanaceuru 
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DISCUSSION  
Presently, Due to the environmentally friendly nature, 

to produce AgNPs using plant materials attended a lot 

of attention and it has been chosen for traditional 

chemical approaches (Bose &Chatterjee, 2016). The 

production of AgNPs from medicinal plant extracts 

were used in a variety of applications that are 

advantageous to men. Because of its nontoxic 

qualities and less adverse effects, it has a wide range 

of clinical and biomedical uses (Marin et al., 2015). As 

a result, they may be useful in drug delivery systems, 

like anti-tumor, anticancer, antimicrobial agents and 

anti-inflammatory (Suri et al., 2007). The current 

study, silver nanoparticle was manufactured from 

AgNO3 solution with the use of A. venustum leafs 

and stem aqueous extract, under daylight the 

minimum reaction time of reaction mixture was 8 

minutes. According to the work of (Garibo e al., 

2020), within 8 minutes the change of Ag ion was 

confirmed to be a silver nanoparticle. Visually the 

color of the reaction mixture was converted from 

watery to coffee color. Likewise, findings were 

reported by (Vidhu et al., 2011) and (Bhuyar et al., 

2020). This shifting of color of the reaction-mixture is 

responsible for superficial Plasmon resonance peak 

(SPR) (Shahverdi et al., 2007; Kanmani and Lim 

2013). SPR peaks were examined by UV 

spectrophotometer, the absorption spectra of the 

obtained AgNPs peaked at 423nm of the solution, this 

result is moderately nearer to the results shown by 

(Ezealisiji et al., 2017; Shivananda et al., 2016) ) who 

observed 420nm and 422nm peaks, respectively. With 

close comparison of plant extracts the surface 

Plasmon resonance was attained in 423nm which is 

close comparison with the results of Cyperus 

conglomerates (Al-Nuairi et al.,2020); 

Zingiberofficinalerhizome (Mathew et al. 2018). The 

synthesized AgNPs from leaf and stem extract of A. 

venustum during our experiment shows significant 

antibacterial effect against the tested bacteria. 

Extensively it is reported That silver ion and silver 

composites materials exhibited extreme toxicity 

against bacteria (Uz-Zaman et al., 2020). Because of 

the presence of well-formed surface, these particles 

allow greater interaction with environment 

andshowed high potency of antibacterial inhibition 

(Choi et al., 2008). In recent study, the bacterial 

inhibition of silver nanoparticles, uncentrifuged 

nanoparticle and plant extract were used against three-

gram negative phytopathogens. After 24 hours the 

bacterial effect of dis similar mixture of different 

concentration were obtained. The judgement of 

AgNPs with uncentrifuged nanoparticles, AgNPs 

showed high potency (Uz-Zaman et al., 2020) of 

antibacterial assay, additionally the assessment of un 

centrifuge filtrate plant extract with nano particles, 

nanoparticles which are uncentrifuged showed us 

great antibacterial activity against three 

phytopathogenic bacteria in different concentrations. 

The recent studies and the results were compared 

(Hernández‐Díaz et al., 2021). Our analyses 

demonstrated that AgNPs generation using plant 

extract can be done in a moderate, simple, and 

economical manner, and that green synthesized 

AgNPs is suitable for the novel antibacterial 

substance’s development 

 

CONCLUSION  
In this study we successfully produce Ag 

nanoparticles from the leaf and stem extract of A. 

venustum. The biosynthesis of AgNPs depends on the 

deliberation of AgNO3 and plant extract. The 

minimum concentration of plant extract and AgNO3 

showed narrow and low absorbance of peak. With 

increasing the concentration of plant extracts the peak 

became broader and large sized nanoparticles were 

formed. Furthermore, in our analysis dissimilar 

proportions of AgNO3 and plant extract were used to 

confirm narrow peak and low absorbance of peak 

which indicated small sized and constant 

nanoparticle. The synthesized nanoparticle was 

confirmed visually and by UV- spectroscopy. In this 

investigation, the obtained AgNPs were used for 

antibacterial potential against five bacteria strains, the 

results revealed remarkable antibacterial activity at 

different concentrations 
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