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Introduction 
 

Nanotechnology is a rapidly advancing scientific 

discipline with diverse applications in medicine, 

agriculture, environmental remediation, electronics, and 

food safety (Asif, Yasmin et al., 2022). Among 

engineered nanomaterials, silver nanoparticles (AgNPs) 

have attracted considerable attention due to their unique 

physicochemical properties, including a high surface-

area-to-volume ratio, catalytic activity, optical properties, 

and broad-spectrum antimicrobial efficacy (Bruna, 

Maldonado-Bravo et al., 2021). These characteristics 

have enabled their use in drug delivery, biosensing, 

wound dressings, food packaging, and water purification. 

Conventional methods for synthesizing AgNPs typically 

rely on physical or chemical processes that require high 
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Plant-based synthesis provides an eco-friendly alternative to traditional chemical methods 

for producing metal nanoparticles. In this research, silver nanoparticles (AgNPs) were 

created using aqueous Artemisia judaica leaf extract, which acted as both a reducing and 

stabilizing agent. UV–visible spectroscopy confirmed AgNPs formation through a surface 

plasmon resonance (SPR) peak at 430 nm. Scanning electron microscopy (SEM) showed 

mainly spherical nanoparticles with some size variation, while Fourier transform infrared 

(FTIR) spectroscopy indicated that phytochemicals helped reduce Ag⁺ ions and stabilize the 
nanoparticles. The antibacterial activity of the biosynthesized AgNPs was tested against 

Gram-positive bacteria (Staphylococcus aureus, Bacillus cereus) and Gram-negative 

bacteria (Salmonella enterica, Escherichia coli). The AgNPs exhibited broad-spectrum 

antimicrobial effects, with the highest activity against E. coli, highlighting their potential in 

antimicrobial applications. This increased effectiveness is linked to the release of silver ions 

and bioactive phytochemicals from the nanoparticle surface. Overall, these results suggest 

that A. judaica leaf extract is a promising, eco-friendly, and cost-effective method for green 

synthesis of functional AgNPs with notable antimicrobial and biomedical prospects. 
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energy input, elevated reaction temperatures, or 

hazardous reducing agents and stabilizers. (Fahim, 

Shahzaib et al., 2024). Although these approaches can 

yield nanoparticles with controlled physicochemical 

properties, they frequently generate toxic by-products 

and pose environmental and safety concerns. As a result, 

there is growing interest in developing environmentally 

friendly and sustainable synthesis strategies. 

 

Among green synthesis approaches, plant-mediated 

fabrication has emerged as an effective alternative due to 

its simplicity, cost-effectiveness, scalability, and 

environmental compatibility. Plant extracts contain a 

variety of bioactive phytochemicals, such as polyphenols, 

flavonoids, terpenoids, alkaloids, and phenolic acids, 

which can simultaneously reduce silver ions (Ag⁺) to 
metallic silver (Ag⁰) and stabilize the resulting 
nanoparticles through surface capping (Makarov, Love et 

al., 2014). This dual functionality removes the 

requirement for hazardous chemical reagents and 

enhances both nanoparticle stability and biological 

activity. 

 

Artemisia judaica (Judean wormwood) is an aromatic 

medicinal plant native to the arid and semi-arid regions 

of the Middle East and North Africa. It has long been 

used in traditional medicine for its antimicrobial, 

antioxidant, anti-inflammatory, and therapeutic 

properties (Mighri, Hajlaoui et al., 2010, Qanash, Bazaid 

et al., 2023). Phytochemical investigations have shown 

that its leaves are rich in flavonoids, phenolic 

compounds, terpenoids, and other secondary metabolites 

with strong reducing and antioxidant capacities, which 

are important for AgNPs synthesis. Detailing these 

constituents can better elucidate the mechanism of 

nanoparticle formation and stability, strengthening the 

scientific foundation of the study (Qanash, Bazaid et al., 

2023). Despite the widespread use of Artemisia species 

for green AgNPs synthesis, the fundamental 

physicochemical and antibacterial profiles of A. judaica-

derived nanoparticles remain undefined. Characterizing 

these properties is essential to establishing their viability 

for biomedical and food safety applications. 

 

This study developed a straightforward, one-step green 

synthesis of silver nanoparticles using aqueous A. judaica 

leaf extract as both a reducing and stabilizing agent. The 

aim was to demonstrate the practicality and 

reproducibility of this method. The nanoparticles were 

characterized using UV–visible spectroscopy, FTIR, and 

SEM, and their antibacterial activity was evaluated 

against selected Gram-positive and Gram-negative food-

borne pathogens to assess their potential as eco-friendly 

antimicrobial agents. 

 

Materials and Methods 

 

Chemicals 
 

All reagents and solvents in this study were used as 

received, without any further purification. 

 

Plant collection and extract preparation 
 

Fresh Artemisia judaica leaves were sourced from 

Omdurman market in Khartoum, Sudan. The dried leaves 

were washed thoroughly under tap water to remove 

impurities, then shade-dried at ambient temperature (25–
30 °C) for 24–48 hours. Once dried, the leaves were 

ground into a fine powder with a laboratory blender at 

full speed.  

 

An aqueous extract was made by cold maceration, 

soaking 50 g of powdered leaves in 300 mL of distilled 
water (ratio 1:6 w/v) for 48 hours at room temperature. 
The mixture was filtered through Whatman No. 1 filter 

paper and kept in sterile 50 mL Falcon tubes in the dark 

at 4 °C until needed. 

 

Qualitative Phytochemical Screening of A. 

Judaica Leaf extract 
 

Qualitative phytochemical screening of A. judaica leaf 

extract (AJLE) was performed using standard methods to 

identify major classes of secondary metabolites. The 

crude extract underwent qualitative colorimetric and 

precipitation assays to detect flavonoids, tannins, 

alkaloids, phenolics, saponins, and terpenoids, following 

established protocols described by (Harborne (1998), 

Evans (2009)). 

 

Green synthesis of Ag nanoparticles  
 

Silver nanoparticles (AgNPs) were synthesized using a 

green biosynthesis approach with A. judaica leaf extract 

(AJLE) serving as both reducing and stabilizing agent. 

Twelve milliliters of AJLE were added dropwise to 70 

mL of 3 mM aqueous silver nitrate (AgNO3) under 

continuous magnetic stirring at 80 °C. The reduction of 
Ag⁺ ions was indicated by a color change to dark brown, 
confirming AgNPs formation. 
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Characterization of the biosynthesized AgNPs 
 

The bioreduction of silver ions by A. judaica leaf extract, 

acting as both reducing and capping agent, was 

confirmed using a UV–Vis spectrophotometer (UV-2550 

Shimadzu, Japan) at 1 nm resolution over 200–700 nm. 

Further characterization included centrifugation of the 

AgNPs solution at 14,000 rpm for 20 minutes. FTIR 

spectra were collected at 4 cm−1 resolution in the 500–
4000 cm−1 range using an FT-IR 8400S Shimadzu 

spectrometer. SEM was used to analyze nanoparticle 

size, with thin-film samples prepared on carbon-coated 

copper grids and excess solution removed with blotting 

paper. 

 

Antibacterial activity 
 

The in vitro antimicrobial activity of AJLE-AgNPs 

synthesized greenly was evaluated against Gram-positive 

(Staphylococcus aureus, Bacillus cereus) and Gram-

negative (Escherichia coli, Salmonella enterica) 

foodborne pathogens using the standard agar well 

diffusion assay. MHA plates were swabbed with 

standardized bacterial inocula (~5×10^5 CFU/mL) under 

aseptic conditions. Wells (5 mm diameter) were filled 

with 50 µL of AJLE-AgNPs at concentrations of 25, 50, 

75, and 100 µg/mL. Plates were incubated at 37 ± 2 °C 

for 24 hours, and inhibition zones were measured. All 

assays were performed in triplicate. 

 

Statistical analysis 
 

All results are expressed as mean ± standard deviation 

(SD) from at least three independent experiments. 

Statistical significance was determined using one-way 

ANOVA (SPSS v16), followed by Tukey’s HSD post-

hoc test. A p-value less than 0.05 was considered 

statistically significant. 

 

Results and Discussion 
 

Conventional physical and chemical synthesis of silver 

nanoparticles (AgNPs) is frequently associated with high 

energy consumption, economic burdens, and the 

production of hazardous, toxic by-products. As a result, 

there has been a significant shift toward "green 

synthesis" (Anwar, Shah et al., 2018), which utilizes 

biological systems to address these environmental and 

safety concerns. Both microorganisms and plant extracts 

have been widely investigated for the biosynthesis of 

nanomaterials; however, phyto-synthesis has emerged as 

the most promising and advantageous approach (Figure 

1). This preference is primarily due to the high efficacy, 

cost-effectiveness, and operational simplicity of using the 

diverse biomolecules present in plant matrices to reduce 

metal ions (Jafarizad, Safaee et al., 2015).  

 

In contrast to conventional protocols that rely on 

hazardous reducing agents, plant-mediated synthesis is 

inherently safe and environmentally benign. The 

phytochemicals in these extracts serve as dual-purpose 

agents, facilitating the bioreduction of silver ions to zero-

valent Ag⁰ and simultaneously acting as stabilizing 
capping agents. This establishes plant-mediated green 

synthesis as a highly efficient and sustainable platform 

for nanoparticle fabrication (Jadoun, Arif et al., 2021, 

Tekelehaymanot Gebrelibanos and Tekluu 2025). 

 

Qualitative Phytochemical Screening  
 

Qualitative phytochemical screening confirmed the 

presence of several bioactive secondary metabolites in A. 

judaica leaf extract, including phenolic compounds, 

flavonoids, tannins, alkaloids, saponins, and terpenoids. 

These results are consistent with previous phytochemical 

studies on A. judaica, which have demonstrated that this 

species is a rich source of phenolic and flavonoid 

compounds, as well as other biologically active 

metabolites (Qanash, Bazaid et al., 2023, Salih, Qahtan 

et al., 2023). These metabolites are recognized as natural 

reducing and capping agents that facilitate the green 

synthesis and stabilization of silver nanoparticles. 

 

Characterization of biosynthesized Ag 

nanoparticles 

 

UV-Visible Spectrophotometer Analysis 
 

Silver ions (Ag⁺) were reduced to silver nanoparticles 
(AgNPs) by optimizing experimental conditions using an 

aqueous silver nitrate (AgNO3) solution and Artemisia 

judaica leaf extract, which served as both reducing and 

stabilizing agents. A distinct color change from pale 

yellow to dark brown was observed, indicating AgNPs 

formation (Figure 2). The biosynthesis process was 

further confirmed by UV–visible absorption 

spectroscopy (Figure 2). A characteristic surface plasmon 

resonance (SPR) peak at 430 nm demonstrated the 

successful formation and stability of the synthesized 

AgNPs mediated by Artemisia judaica leaf extract. 
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Similar findings have been reported by Ali and Kim (Ali, 

Kim et al., 2016). 

 

FTIR Spectra Analysis  
 

Fourier Transform Infrared (FTIR) spectroscopy was 

utilized to identify the functional groups in Artemisia 

judaica leaf extract (AJLE) and elucidate their 

mechanistic role in the bio-reduction and stabilization of 

the synthesized AJLE-AgNPs. The FTIR spectrum of the 

crude AJLE (red curve) exhibited a broad absorption 

band at 3397 cm⁻¹, corresponding to O–H stretching 

vibrations of polyphenols overlapped with N–H 

stretching of proteins, alongside a prominent peak at 

2964 cm⁻¹ attributed to aliphatic C–H stretching 

vibrations of terpenoids, while additional characteristic 

bands at ~1635 cm⁻¹ and ~1050 cm⁻¹ indicated the 
presence of C=O (amide/carbonyl) groups and C–O 

(ether/alcohol) linkages, respectively (Ahmed, Ahmad et 

al., 2016, Kurt, Güngör et al., 2026). Comparative 

analysis of the two curves revealed critical spectral 

modifications in the AJLE-AgNPs spectrum (black 

curve), most notably a discernible shift of these 

characteristic peaks to lower wavenumbers (redshifts), 

coupled with a significant decrease in transmittance 

intensity and peak broadening.  

 

This distinct spectral divergence provides direct evidence 

of the interaction between the silver nanoparticles and the 

phytoconstituents; specifically, the lowering of 

vibrational frequencies suggests the donation of lone pair 

electrons from the oxygen (O–H, C=O) and nitrogen (N–
H) atoms of the biomolecules to the vacant orbitals of the 

silver ions during the reduction phase (Kharissova, Dias 

et al., 2013) 3,4. Consequently, these structural shifts 

confirm the dual functionality of the AJLE biomolecules, 

demonstrating that the bioactive compounds act not only 

as green reducing agents to convert Ag⁺ to Ag⁰, but also 
form a robust organic capping layer that sterically 

stabilizes the nanoparticles against agglomeration in the 

colloidal solution (Mittal, Chisti et al., 2013, Banerjee, 

Satapathy et al., 2014). 

 

Scanning Electron Microscopic Analysis 
 

The SEM image shows the surface morphology of the 

biosynthesized AJLE-AgNPs, which are spherical and 

irregular in shape, with small clusters of particles 

resulting from agglomeration during sample preparation, 

as shown in Figure 4. Similar results were stated by 

Alkammash (2017). 

Antibacterial Activity Study 
 

The antibacterial activity of the biosynthesized AJLE-

AgNPs was assessed against representative Gram-

negative (Escherichia coli and Salmonella enterica) and 

Gram-positive (Bacillus cereus and Staphylococcus 

aureus) food-borne pathogens using the agar well 

diffusion method. 

 

No inhibition zones were observed in the negative 

control, confirming that the antibacterial activity 

originated exclusively from the synthesized AgNPs 

(Figure 5). All tested bacterial strains exhibited a clear 

concentration-dependent response, with inhibition zones 

increasing as the AgNPs concentration increased from 25 

to 100 μg/mL. This trend corresponds to the established 
antimicrobial behavior of silver nanoparticles, where 

higher nanoparticle concentrations promote greater Ag⁺ 
ion release and enhanced disruption of bacterial cellular 

functions (Ruparelia, Chatterjee et al., 2008, Durán, 

Durán et al., 2016).  

 

The highest antibacterial activity was observed at 100 

μg/mL, with E. coli exhibiting the largest inhibition zone 
(approximately 20 mm). In contrast, lower nanoparticle 

concentrations produced smaller inhibition zones, likely 

due to insufficient Ag⁺ ion release to effectively 
overcome bacterial defense mechanisms (Figure 6). 

 

The pronounced susceptibility of E. coli corresponds to 

previous studies showing that Gram-negative bacteria are 

generally more sensitive to AgNPs because their thin 

peptidoglycan layer and negatively charged 

lipopolysaccharide (LPS) outer membrane promote 

stronger electrostatic interactions with Ag⁺ ions (Sondi 

and Salopek-Sondi 2004). Nevertheless, the synthesized 

AJLE-AgNPs also showed considerable antibacterial 

activity against Gram-positive bacteria, indicating broad-

spectrum antimicrobial efficacy. 

 

Overall, these findings demonstrate that biosynthesized 

AJLE-AgNPs exhibit potent, concentration-dependent 

antibacterial activity against clinically relevant foodborne 

pathogens. Their broad-spectrum antimicrobial 

performance highlights their potential for applications in 

food safety, antimicrobial coatings, and biomedical 

materials. Further investigations, including determination 

of minimum inhibitory concentration (MIC), minimum 

bactericidal concentration (MBC), mechanistic studies, 

and cytotoxicity evaluation, are warranted to assess their 

real-world applicability. 
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Figure.1 Schematic illustration for the biosynthesizing of AJLE-AgNPs using A. judaica leaf extract 

solution 

 

 
 

Figure.2 UV–Vis spectrum of the AJLE-AgNO3. The inset illustrates the progression of the synthesis 

process: (A) initial AJLE extract, (B) mixture of AJLE and (C) AJLE-AgNPs 

  

 
 



Int.J.Curr.Microbiol.App.Sci (2026) 15(9): 289-297 

294 

 

Figure.3 FTIR spectra of (a red curve) Artemisia judaica leaf extract solution and (b black curve) AJLE-

AgNPs 

 
 

 
 

Figure.4 The SEM image of the green-synthesized AJLE-AgNPs 
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Figure.5 Antibacterial activity of biosynthesized AJLE-AgNPs against (A) Escherichia coli, (B) Salmonella 

enterica, (C) Staphylococcus aureus, and (D) Bacillus subtilis 

 

 

 
 

Figure.6 Zone of inhibition (mm) for various concentrations of biosynthesized AJLE-AgNPs against 

bacteria.  

 
 

 
 

In conclusion, this study outlines an eco-friendly and 

sustainable way to produce silver nanoparticles (AgNPs) 

using A. judaica leaf extract. The extract serves as both a 

reducing and stabilizing agent. Confirmation of 

nanoparticle formation was achieved through UV-vis, 

FTIR, and SEM analyses, highlighting how plant 

phytochemicals facilitate the reduction of Ag⁺ ions and 
stabilize the particles. The biosynthesized AgNPs 

showed broad-spectrum antibacterial effects, with E. coli 

being the most affected. This green method provides a 

cost-effective and environmentally safe approach to 

creating functional nanomaterials. However, more 

research is needed on scaling up the process, 

understanding the mechanisms involved, and conducting 

thorough in vivo biocompatibility tests before 

applications in medicine and food safety. 
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