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Abstract 

The remarkable antibiotic properties of Achyranthes aspera leaf extracts have been harnessed in this study to produce iron 

nanoparticles (FeNPs) with potent antibacterial activity against various pathogens. Serving as both a reducing and capping agent, 

the phytochemical and protein-rich composition of A. aspera leaves facilitated the eco-friendly synthesis of FeNPs. This study 

delves into an innovative, environmentally conscious strategy for the production of iron nanoparticles (FeNPs) by utilizing A. aspera 

leaf extract as a dual-function reducing and capping agent. The resulting FeNPs, endowed with powerful antibacterial attributes, are 

crafted from the rich phytochemical and protein composition of A. aspera leaves. The comprehensive characterization of these 

nanoparticles, employing techniques such as energy dispersive X-ray (EDX) analysis, scanning electron microscopy (SEM), Fourier 

transmission infrared spectroscopy (FTIR), X-ray diffraction (XRD), and UV-visible spectrophotometry, revealed diverse 

morphologies and agglomeration. The latter, confirmed by EDX analysis, was potentially stabilized by plant proteins. These 

agglomerated FeNPs are subjected to rigorous in-vitro antibacterial assessments against prevalent human pathogens, namely E. coli, 

K. pneumoniae, P. aeruginosa, and S. aureus. The minimum inhibitory concentration (MIC) values are discerned, with the MIC 

established at 500 µg/ml for E. coli, K. pneumoniae, and P. aeruginosa, while S. aureus exhibits a MIC of 1000 µg/ml. This study 

underscores the ecologically sustainable production of FeNPs through a plant-mediated approach and emphasizes their potential for 

diverse applications in nanotechnology and biomedicine, presenting Achyranthes aspera as a valuable resource in the quest for 

sustainable and potent therapeutic solutions. 

 

Keywords: Achyranthes aspera, Eco-friendly synthesis, Iron nanoparticles (FeNPs), Minimum inhibitory concentration (MIC). 

 
Full length article *Corresponding Author, e-mail: rksingh1@amity.edu, surya.miet@gmail.com     Doi # https://doi.org/10.62877/4-IJCBS-24-25-19-4

1. Introduction 

In the dynamic landscape of nanomaterials and their 

diverse applications, the investigation into green-synthesized 

FeNPs stands as a burgeoning area of interest. This inquiry 

aligns with the contemporary shift towards eco-friendly 

products, driven by a growing awareness of the adverse 

effects associated with synthetic drugs. The envisioned end-

product of commercialized applications not only aspires to 

deliver optimal results but also prioritizes environmental 

sustainability. The pursuit of such products on a mass scale 

holds the promise of fostering a sustainable ecosystem. 

Consequently, there is an escalating societal demand for the 

adoption of eco-friendly drugs. Against the backdrop of rising 

concerns surrounding antibiotic resistance and the quest for 

innovative approaches to combat microbial diseases, the 

potential of these nanoparticles as potent antibacterial agents 

has captured significant attention [1].  Iron oxide 

nanoparticles (FeNPs) have become a well-known family of 

nanoscale materials in the quickly developing field of 

nanomaterials. These FeNPs, composed of iron atoms, have 

unique properties due to their minute size. Iron oxide 

nanoparticles come in a variety of forms, including magnetite 

(Fe3O4) and maghemite (-Fe2O3), which are both known for 

their catalytic and magnetic properties [2]. Till date use of 

physically synthesized and chemically prepared [3-7].  
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FeNPs recorded with many limitations with as they 

required high temperature, high energy, governs discharge of 

toxic byproducts and many times onsite increased pressure 

for synthesis. To overcome these problems, make use of 

green synthesis approach for FeNPs is advocated and noted 

with many advantages such as better biodegradability, more 

stability and its low cost of production [8-10]. The 

antibacterial activity of nanoparticles formed by plant extract 

has mainly been linked with polyphenols and those generate 

a complex with formed nanoparticles to give an antibacterial 

feature [11]. In detailed, analysis of chemical constituents of 

Achyranthus aspera (AA) carried out and reported number of 

bioactive compounds once tested & purified from AA 

extracts such as 1- hexadecanol, 3- Eicosyme, Squalene, 

Phytol, 9- octadecenamide, and others mainly been linked 

with antibacterial activity [10,12]. It was evident from the 

literature that polyphenols of AA are good in antibacterial 

activity [10,13-14]. Literature clearly states that polyphenols 

linked with AA leaves are quantified in greater details but not 

linked with many pharmacological points of view. As 

estimated by high performance liquid chromatography 

(HPLC) presence of polyphenols in AA leaves are on higher 

side which may be responsible for reducing nanoparticles 

[15]. As previously also noted by Devatha et al., (2018) that 

presence of polyphenols is accountable to act as a capping 

agent but its fate as antimicrobial agent especially of AA 

leaves not been put forward till date and additionally these 

polyphenols remain safe and biodegradable to produce bio-

compound based nanoparticles if used in treatment [11]. 

Nanoparticles, as is usually believed, interact with 

biodegradable compounds, altering the properties of 

biomaterials. The nano-scale characteristics of the 

nanoparticles, such as their size, surface chemistry, and 

surface roughness, are what essentially control these changes 

[16]. These inorganic compounds especially are of metal 

oxides governs high affinity that gives antimicrobial 

properties. The exact mechanism of iron oxide nanoparticles- 

bacteria interaction are put forward with reference to positive 

antimicrobial activity by Arakha et al., (2015) [17]. Iron 

nanoparticles possess positive surface potential that gives 

better surface for bacterial attachment so that it can shoot up 

interaction at the interface which in turn increases the reactive 

oxygen species (ROS) in media [11]. Till date numbers of 

studies were available for antibacterial application of FeNPs. 

Recently, Batool et al., (2021) reported antibacterial activity 

of FeNPs from Phoenix dactylifera prepared from different 

plant organs [15]. Similar report by Chandrasekar et al., 

(2013) reported potent antibacterial activity of iron- oxide, 

iron- cobalt core shell and zero valent ion nanoparticles 

prepared by various methods [18]. Literature discloses that 

FeNPs synthesized from green technology gaining more 

importance in last few years as they guarantee the benefits of 

eco-friendly production by cost – effective approach. 

Consequently, an attempt is made to prepare FeNPs by green 

technology by using A. aspera leaf extract to prepare new 

edge FeNPs by green synthesis method. Here it has also been 

put forward that exact mechanism of action of nanoparticle is 

tough or less known till date in terms of toxicity and safety in 

response many studied recommended using plant reduced 

nanoparticles for medicinal usage [19]. Many nanoparticles 

like zinc oxide, titanium dioxide and magnesium dioxide 

nanoparticles are proving to be useful [20]. The ability to 

control water borne diseases by bacteria was also found to be 

possible by using nanoparticles once demonstrated in 

industrial applications [21-22]. The design of this study was 

based on three primary goals. The first step was to start an 

ecologically friendly process for making iron oxide 

nanoparticles (FeNPs) using the leaves of A. aspera (AA). 

The second step was to fully characterize the FeNPs using a 

variety of analytical methods, such as spectroscopy, FTIR 

(Fourier-transform infrared spectroscopy), SEM (scanning 

electron microscopy), EDX (energy-dispersive X-ray 

spectroscopy), and XRD (X-ray diffraction). Finally, to 

evaluate the antibacterial efficacy of the FeNPs against a 

panel of human pathogens, such as Escherichia coli, 

Pseudomonas aeruginosa, Klebsiella pneumoniae, and 

Staphylococcus aureus, using the Minimum Inhibitory 

Concentration (MIC) spectroscopic approach. A. aspera 

leaves were specifically chosen as the raw material because 

they are widely distributed in India and contain high levels of 

polyphenols, making them a prime option to produce green 

nanoparticles. Thus, the goal of this work was to investigate 

the potential of these greenly produced FeNPs for a range of 

uses, notably in the context of nanotechnology and 

antimicrobial agents. 

 

2. Materials and Methods  

 

2.1. Collection of Plant 

The foliage of Apamarga, known as "Achyranthes 

aspera" in scientific circles, was meticulously gathered from 

the verdant landscapes of Chhindawara district, nestled 

within the heart of Madhya Pradesh. Each leaf was 

meticulously identified and authenticated by the esteemed 

expertise of the herbarium. Subsequently, the leaves 

underwent a meticulous drying process within a specialized 

drier, as illustrated in Figure 1, prior to further processing. 

 

2.2. Preparation of plant extract and synthesis of FeNPs 

Iron nanoparticles of plant origin were synthesized 

utilizing the rich reserves of polyphenols found in 

Achyranthes aspera leaves. The process commenced by 

introducing 1% FeCl3.H2O into a solution containing plant 

extract at a ratio of 1:9 (Plant: FeCl3.H2O 1%), followed by 

an incubation period of 24 hours in darkness. The emergence 

of a distinct color change after this incubation period signified 

the formation of iron oxide nanoparticles, a transformation 

that was meticulously tracked for a total duration of 96 hours. 

Subsequently, the solution underwent centrifugation at a 

formidable speed of 15,000 RPM for 30 minutes, yielding a 

discernible pellet which was then carefully separated from the 

supernatant. To eliminate any residual moisture, the pellet 

underwent treatment with ethanol and was subsequently 

subjected to a 24-hour drying period in an oven set at 60°C. 

The desiccated material was then meticulously stored in 

plastic centrifuge tubes, shielded from light, in anticipation of 

further analytical endeavors. 

 

2.3. Characterization of iron nanoparticles 

 

2.3.1. X-ray diffraction (XRD) 

The meticulous characterization of iron 

nanoparticles (Fe NPs) entailed a comprehensive array of 

analytical techniques. Initially, X-ray diffraction (XRD) was 
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conducted using the state-of-the-art Bruker Eco D8 advance 

instrument, featuring CuKα radiation (λ=1.5405A°) with 

nickel filtration. The determination of the average 

crystallographic size (t) was facilitated through Scherer's 

relation (t=0.9 λ/ß cos ϴ), establishing a correlation between 

t, the X-ray wavelength (λ), and the full width (ß) at half 

maximum (FWHM) of the XRD peaks. This meticulous XRD 

analysis furnished crucial insights into the structural 

characteristics underpinning the Fe NPs, offering a 

foundational understanding essential for further 

investigation. 

 

2.3.2. Spectrophotometric analysis 

Conducting a sophisticated spectrophotometric 

analysis spanning a duration of 72 hours, researchers 

employed a cutting-edge single-beam spectrophotometer 

(Labtronics LT-291) to delve into the phenomenon of 

plasmon resonance within the nanoparticles. This meticulous 

examination allowed for the in-depth exploration of the 

optical properties of the nanoparticles across the 300–800 nm 

spectral range, providing valuable insights into their stability 

dynamics over the designated time frame. 

 

2.3.3. FTIR (Fourier-transform infrared)  

Employing FTIR (Fourier-transform infrared) 

spectroscopy, the nanoparticles were meticulously 

encapsulated within KBr pellets to facilitate analysis. This 

sophisticated procedure was conducted utilizing the state-of-

the-art IR-tracer-100 facility housed at the esteemed 

Kalasalingam Academy of Research and Education. By 

scrutinizing the FTIR spectra, researchers gained invaluable 

insights into the intricate network of chemical bonds and 

functional groups present within the samples, affording a 

comprehensive understanding of their chemical composition 

and properties. 

 

2.3.4. Scanning electron microscopy (SEM) and Energy 

Dispersive X-ray (EDX) 

Following this, SEM (Scanning Electron 

Microscopy) was employed to scrutinize the FeNPs across 

varying resolutions spanning from 1 µm to 10 µm. These 

SEM images offer intricate insights into the size and 

morphology of the nanoparticles, providing a detailed 

understanding of their structural characteristics. Furthermore, 

concurrent Energy Dispersive X-ray (EDX) analysis was 

conducted to elucidate the elemental composition of the 

nanoparticles. This synergistic approach significantly 

enhances our comprehension of both the morphological 

features and elemental makeup of the FeNPs, thereby 

enriching our overall knowledge of their properties. 

 

2.4. Analysis of antimicrobial activity of FeNPs 

The bacteriostatic efficacy of FeNPs derived from A. 

aspera leaves was meticulously evaluated using the 

Minimum Inhibitory Concentration (MIC) assay. Escherichia 

coli, Klebsiella pneumoniae, Staphylococcus aureus, and 

Pseudomonas aeruginosa, representing clinically relevant 

pathogens, were selected as test microorganisms for this 

investigation. To establish a comprehensive dosage-response 

profile, FeNPs were prepared at four distinct concentrations 

(62µg/ml, 125µg/ml, 500µg/ml, and 1000µg/ml) in a 

nutrient-rich broth medium. Standardizing the bacterial 

cultures to an optical density of 0.5 using the MacFarland 

standard ensured uniformity across experimental conditions. 

Subsequently, bacterial cultures were treated with varying 

concentrations of FeNPs solutions, with a control group 

maintained for comparison. Following an incubation period, 

the optical density at 560 nm was measured using 

sophisticated spectroscopic techniques. By analyzing the 

resultant data, the MIC values for each pathogen were 

meticulously determined, providing crucial insights into the 

extent of growth inhibition across a spectrum of FeNPs 

concentrations. 

 

3. Result and discussion 

The biological synthesis approach, often referred to as 

"green synthesis," stands as a superior alternative to 

numerous physico-chemical methods, heralding from its 

utilization of organisms such as plants, fungi, bacteria, algae, 

and others, obviating the necessity for costly, hazardous 

chemicals, or high energy consumption [23]. In our 

investigation, this methodology unfolded through the 

dynamic interaction between precursor salts and reducing 

agents under continuous agitation, yielding the coveted Fe 

NPs. Remarkably, our study harnessed the potent reducing 

properties of A. aspera, a botanical marvel abundant in the 

Chhindwara region of Madhya Pradesh, to effectuate the 

transformation of FeCl3.H2O into FeNPs. A pivotal highlight 

of this endeavor lies in the utilization of A. aspera plant 

extract for FeNPs synthesis, a practice that not only 

circumvents the hazards associated with conventional 

chemical methods but also mitigates the overall 

environmental footprint of nanomaterial production, 

embodying the ethos of environmentally benign "green" 

technology. Notably, precedent research has also underscored 

the efficacy of A. aspera in the successful synthesis of silver 

nanoparticles, further affirming its versatility and potential 

for sustainable nanomaterial production [24]. 

 

3.1. Spectroscopic analysis 

Central to our investigation was a meticulous 

examination of the absorbance variations induced by the 

reduction of ferric chloride hexahydrate via A. aspera plant 

extract, culminating in the synthesis of iron oxide 

nanoparticles (FeNPs). Initially, the absorption spectra of the 

A. aspera extract exhibited a prominent peak at 320 nm, yet 

underwent a profound shift upon its interaction with ferric 

chloride hexahydrate, indicative of FeNPs formation. The 

emergence of a plasmon resonance peak at 425–430 nm, 

characteristic of successful FeNPs synthesis through the 

reduction process, served as a tangible marker for this 

transformative event. Furthermore, the observed stability of 

the plasmon resonance over a duration of 96 hours 

underscores the efficient encapsulation of these FeNPs by 

plant biomolecules, thereby preserving their stability (Figure 

2). Notably, the resultant FeNPs exist in a stable state as a 

complex with plant biomolecules, encapsulating them and 

imparting stability, encapsulating them and imparting 

stability, encapsulating them and imparting stability. This 

phenomenon aligns with prior findings where apple peel-

derived FeNPs similarly exhibited absorption maxima 

between 200-450 nm, corroborating our observations [25]. 

Similarly, absorption maxima for FeNPs derived from 

various sources, including corn, leaves, waste, and fruits, 
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have been documented within the range of 325 to 365 nm, 

256 to 325 nm, and 335 to 375 nm, respectively [26-28]. 

Furthermore, prior studies have reported absorption at 430 

nm in conjunction with iron nanoparticles, further reinforcing 

the consistency of our findings [29]. 

 

3.2. XRD analysis of iron nanoparticles 

The presence of a dominating peak at 2θ = 46.920°, 

corresponding to the (110) plane of a face-centered cubic 

crystal structure, in the XRD pattern analysis indicates the 

strong crystallinity and stability of the FeNPs (Figure 3). The 

zerovalent state (Fe°) is significant because it improves the 

nanoparticles' ability to catalyze reactions. This crystallinity 

and structural stability are positives for catalytic applications, 

where stable and homogenous nanoparticles are greatly 

desired [30]. As per the result formed iron nanoparticles 

noted predominant crystalline nature and zerovalent sate 

(Fe°). When compared to Rengasamy et al.,  (2016) study, 

same data was obtained, which is consistent with the results 

shown by once created FeNPs from castor oil [31]. In a 

similar report, synthesis of zerovalent iron nanoparticles 

using FeCl3.6H20 was made realistic using chemical method 

[32]. 

 

3.3. FTIR analysis of iron nanoparticles  

Further elucidating the intricate biomolecular 

interplay underpinning FeNPs synthesis, a comprehensive 

Fourier-transform infrared (FTIR) study was conducted. 

Examination of the A. aspera leaf extract revealed a 

distinctive array of bands at various wavenumbers, including 

3426 cm⁻¹ (associated with hydroxyl group stretching 

vibrations denoted as -OH), indicative of polyphenols, and 

1637 cm⁻¹ (attributed to the amide-1 group of proteins). 

 

Amide molecules emerge as pivotal constituents involved in 

capping the iron nanoparticles (FeNPs), as evidenced by the 

discernible peaks in the FTIR spectra at 1633 cm⁻¹ (nitrile 

group, -CN) and 2310 cm⁻¹ (carboxyl group, -C=O). 

Additionally, the peak at 1346 cm⁻¹ may be assigned to -N= 

O bonding, while the absorption at 1063 cm⁻¹ corresponds to 

-C-N stretching vibration of aliphatic amines. Notably, the 

robust absorption peak at 532 cm⁻¹ is indicative of Fe-O 

stretching within the iron nanoparticles (Figure 4). This aligns 

with previous findings reported by Rengasamy et al. (2016) 

and Yuvakkumar et al. (2011) [31,33]. 

 

The collective appearance of distinctive peaks at 3423, 2310, 

1633, 1346, and 1020 cm⁻¹ suggests that the synthesized 

FeNPs are enveloped by a milieu of polyphenols and proteins. 

These findings underscore the pivotal role of biomolecules, 

such as polyphenols and proteins present in A. aspera leaves, 

in facilitating the reduction of Fe³⁺ ions and stabilization of 

iron nanoparticles, as corroborated by previous studies 

[18,31,34]. 

 

The functional groups present on the surface of FeNPs, such 

as polyphenols, amide groups, and carboxyl groups, are of 

paramount significance for their potential applications in 

biomedicine. These groups offer exciting prospects for the 

development of targeted drug delivery systems, as they 

enable the facile attachment of bioactive molecules or 

medications, enhancing therapeutic efficacy [35]. Moreover, 

the inherent stability exhibited by these nanoparticles 

underscores their suitability as a dependable platform for 

sustained medication delivery, ensuring prolonged 

therapeutic benefits over extended durations. 

 

3.4. SEM and EDX analysis of iron nanoparticles  

The SEM images presented in Figure 5 offer a 

revealing glimpse into the morphology of iron nanoparticles 

synthesized using A. aspera leaves. These images depict a 

diverse array of shapes and sizes among the formed 

nanoparticles, suggestive of agglomeration phenomena. 

Indeed, previous studies have linked such agglomeration to 

the presence of attached biomolecules [36]. Our SEM 

analysis further delineated the variability in the forms and 

dimensions of A. aspera FeNPs, with at least one dimension 

measuring 100 nm and comprising approximately 64% iron 

content, alongside fractions of oxygen, aluminum, 

phosphorus, and sulfur, aligning closely with prior findings 

[37]. 

 

Subsequently, EDX analysis was conducted to ascertain the 

elemental composition of the synthesized iron nanoparticles 

(Figure 4C). The resulting spectrum unveiled the presence of 

oxygen, aluminum, phosphorus, sulfur, and iron, with 

respective weight percentages of 32.3%, 1.3%, 0.7%, 0.8%, 

and 64.9%. Notably, the presence of oxygen, phosphorus, 

sulfur, and aluminum likely originates from biomolecules 

within A. aspera leaf extracts, acting as capping agents; a 

premise supported by earlier studies [9]. These findings 

harmonize with previously reported XRD and FTIR results, 

collectively confirming the successful synthesis of FeNPs 

through spectroscopic, SEM, and EDX analyses. The 

absorption peak observed at 430 nm in the spectrophotometry 

data unequivocally corresponds to iron nanoparticles. 

Additionally, the diverse forms and sizes of the FeNPs 

observed via SEM underscore the phenomenon of 

agglomeration, while the elemental composition revealed by 

EDX analysis sheds light on the biomolecular involvement in 

nanoparticle capping. Notably, the documented green 

synthesis of zerovalent iron nanoparticles from Azadirachta 

indica plants further bolsters the robustness of our findings 

[38]. 

 

3.5. Antibacterial activity  

Iron oxide nanoparticles (FeNPs) have been evaluated 

for their antibacterial efficacy utilizing spectroscopic 

Minimum Inhibitory Concentration (MIC) analysis on a panel 

of human pathogens. FeNPs were evaluated at concentrations 

of 62 µg/ml, 125 µg/ml, 500 µg/ml, and 1000 µg/ml. The 

results showed that none of the tested pathogens, including 

Escherichia coli (E. coli), Klebsiella pneumoniae (K. 

pneumoniae), and Pseudomonas aeruginosa (P. aeruginosa), 

were significantly affected by FeNPs at the lowest dose of 

62g/ml. Apart from Staphylococcus aureus (S. aureus) at the 

500 g/ml concentration, FeNPs showed considerable growth 

inhibition against all of the pathogens tested at higher doses 

of 500 µg/ml and µ1000 g/ml (Table 1).  
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Figure 1: Dried leaves of Achyranthus aspera. 

 
 

Figure 2: Absorption spectra of A. aspera leaf extract (AL diluted) compared with Formed iron nanoparticles after 24 hours (AL1 

24), 48 hours (AL1 48), 72 hours (AL72) and 96 hours of formations indicated the stable plasmon resonance till 96 hours 

indicated that plant biomolecules capped the nanoparticles and stabilized them. In inset A. aspera leave extract (bottle) added with 

Fecl3.6H2O recovered for FeONPs as seen in cavity plate. 
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Figure 3: XRD pattern of iron nanoparticles. 

 

 

 

 

 

 

 

 

 

 
 

Figure 4: FTIR spectra of Plant extract. 
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Figure 5: (a and b) SEM images of the A. aspera reduced iron nanoparticles at different magnification; (c) EDX analysis and (d) 

Smart Quant Results. 

Table 1: Antibacterial potency of FeNPs against pathogenic bacteria in humans evaluated via spectroscopic MIC determination. 

 

Isolates 
Concentrations per ml 

62 µg 125 µg 500 µg 1000 µg 

E. coli NI NI I I 

K. pneumoniae NI NI I I 

S. aureus NI NI NI I 

P. aeruginosa NI NI I I 

NI- No Growth Inhibition; I- Growth Inhibition 

Numerous studies have documented the remarkable efficacy 

of iron oxide nanoparticles in combatting a wide array of 

bacteria and fungi, many of which hold significant 

epidemiological relevance [39]. Recent investigations have 

elucidated that these nanoparticles exhibit a remarkable 

inhibitory effect on a spectrum of pathogens, including B. 

subtilis, E. coli, P. aeruginosa, and S. aureus, achieving a 

minimum inhibitory concentration (MIC) as low as 65 ± 1.5 

µg/ml. Moreover, findings akin to our current study reveal 

that at higher concentrations, ranging from 800 to 1000 

µg/ml, iron oxide nanoparticles display enhanced efficacy 

against a broader range of bacteria, such as E. coli, K. 
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pneumoniae, and S. aureus [40]. Noteworthy results from 

another study underscore the positive impact of D-8-fe-0 

nano composites on bacteria like S. aureus and B. subtilis at 

concentrations of 500 and 250 mg/ml [41]. These collective 

findings underscore the concentration-dependent 

antibacterial prowess of FeNPs, particularly against notorious 

pathogens like E. coli, K. pneumoniae, and P. aeruginosa, 

while exhibiting slightly diminished effectiveness against S. 

aureus. This underscores the potential of FeNPs as potent 

antibacterial agents, offering a promising avenue for 

combating bacterial infections. Moreover, their controlled 

release mechanisms mitigate collateral damage to 

surrounding tissues, making them suitable candidates for the 

development of antimicrobial coatings or wound dressings. 

 

4. Conclusions 

The ecologically conscious synthesis of iron oxide 

nanoparticles using A. aspera plant extract represents a 

significant stride with expansive potential. The synthesis 

process outlined in this study not only delineates an 

economical, rapid, and efficient route but also underscores 

the dual functionality of A. aspera leaves as both a reducing 

and stabilizing agent in the green synthesis of FeNPs. The 

successful synthesis and inherent biological compatibility of 

these FeNPs find robust support in their plasmon resonance, 

manifested through shifts in absorbance maxima, crystalline 

nature, and nanoparticle stability. Their efficacy in addressing 

bacterial infections is underscored by compelling 

antibacterial activities, as evidenced by the minimum 

inhibitory concentration (MIC) experiment. Anticipating 

diverse applications in biology, catalysis, materials science, 

and nanotechnology, these FeNPs signify a promising avenue 

for future exploration. However, to fully unlock their 

potential while ensuring responsible and sustainable 

utilization, comprehensive studies are imperative. This 

includes an in-depth exploration of their safety profile, 

scalability in manufacturing, and a nuanced investigation into 

their optical and magnetic characteristics. Such endeavors 

will not only enhance our understanding but also pave the 

way for the conscientious application of these nanoparticles 

in a spectrum of fields. 
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