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	 Nanotechnology has emerged as a versatile field with applications across numerous 
disciplines. This study focuses on the biosynthesis of iron nanoparticles (FeNPs) using an aqueous 
extract of Lentinus squarrosulus. The formation of FeNPs was confirmed by a distinct color 
change at 60°C, followed by spectroscopic analyses, including ultraviolet-visible (UV-Vis) and 
Fourier-transform infrared (FTIR) spectroscopy. The antibacterial efficacy of FeNPs was assessed 
against Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis, Streptococcus mutans, 
Enterococcus faecalis, and Enterobacter aerogenes, demonstrating significant inhibitory activity. 
Additionally, FeNPs exhibited notable photocatalytic degradation of Methylene Blue, Fast Green, 
and Congo Red dyes, highlighting their potential for wastewater treatment. The findings suggest 
that FeNPs synthesized via Lentinus squarrosulus could be valuable in biomedical applications 
and environmental remediation.
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	 Mushrooms have long been recognized 
for their nutritional, medicinal, and ecological 
importance. Among them, Lentinus squarrosulus, 
a white rot fungus, has emerged as a promising 
species due to its ability to degrade lignocellulosic 
materials and produce bioactive compounds. It 
serves as a potent natural recycler, converting 
agricultural waste into protein-rich biomass while 
also producing a range of bioactive secondary 
metabolites.1 Its ability to accumulate metals and 
secrete extracellular enzymes makes it a suitable 
candidate for green synthesis of nanoparticles.2 
The intersection of nanotechnology and biology 

has given rise to the field of green nanotechnology, 
where biological systems are employed to 
synthesize functional nanomaterials. Fungal-
mediated synthesis of metal nanoparticles is gaining 
momentum as a sustainable alternative to chemical 
and physical methods. This approach offers 
multiple advantages including eco-friendliness, 
low toxicity, cost-effectiveness, and ease of scale-
up. Mushrooms are excellent biological factories 
owing to their enzymatic and metabolic capabilities, 
which aid in both the reduction and stabilization of 
metal ions during nanoparticle formation.3 Iron, an 
essential micronutrient, plays a vital role in several 
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physiological functions such as oxygen transport, 
ATP synthesis, and DNA replication. However, 
its bioavailability in biological systems is often 
hindered by oxidation and low solubility. Iron 
nanoparticles (FeNPs) overcome these limitations 
by exhibiting high surface area, catalytic activity, 
and magnetic responsiveness, thus enabling 
enhanced bioavailability and multifunctionality.4 
Recent studies have demonstrated that FeNPs 
exhibit potent antimicrobial properties due to their 
ability to disrupt microbial membranes, generate 
reactive oxygen species (ROS), and inhibit 
essential enzymatic functions.5 This makes them 
highly effective against a wide range of bacterial 
and fungal pathogens, highlighting their potential in 
pharmaceutical and food preservation applications. 
Furthermore, FeNPs possess strong photocatalytic 
properties that enable the degradation of various 
toxic dyes and industrial pollutants, making them 
attractive agents for environmental remediation.6 
Unlike conventional treatments, FeNPs can 
degrade pollutants without leaving harmful 
residues, making them an eco-friendly and efficient 
alternative.Given the multifunctional properties of 
FeNPs and the biosynthetic potential of Lentinus 
squarrosulus, integrating these two systems 
presents a novel and sustainable strategy for 
developing nanomaterials with dual applications. 
The present study aims to biosynthesize iron 
nanoparticles using L. squarrosulus and evaluate 
their antibacterial and photocatalytic properties. 
The results are expected to contribute to the 
development of green nanotechnological solutions 
for both biomedical and environmental challenges.

Materials and Methods

Collection and Preparation of Mushroom 
Extract
	 Fresh fruit bodies of Lentinus squarrosulus 
were cultivated from the culture (Accession No. 
OR481908)procured from the Plant Biology and 
Plant Biotechnology lab which was previously 
collected from decaying Nerium odorum wood in 
Tambaram, Chengalpattu district. The mushrooms 
were cleanedto remove dirt before being dried 
using oven-drying at 40-50°C to preserve bioactive 
compounds.2 Once dried, they were ground into 
a coarse powder using a grinder or mortar and 
pestle, increasing surface area for extraction. The 

powdered mushrooms were mixed with water in 
a 1:10 ratio and heated at 60°C for 2-4 hours to 
facilitate the extraction of water-soluble bioactive 
compounds. The extract was then filtered through 
a fine mesh or filter paper to remove solid residues, 
resulting in a clear liquid extract. The filtered 
extract was stored at 4°C in sealedcontainers to 
maintain stability and prevent degradation.7

	 A 1 M ferric chloride (FeClƒ ) solution 
was prepared using deionized water. Equal volumes 
of mushroom extract and the FeClƒ  solution were 
combined and incubated at a temperature range of 
50 to 60°C with constant stirring. A progressive 
color transformation from brown to dark red 
signified the formation of iron nanoparticles 
(FeNPs). The synthesized FeNPs were subjected 
to centrifugation, followed by three washing cycles 
with distilled water. Subsequently, they were dried 
in a hot-air oven and stored for characterization.2

Characterization of Iron Nanoparticles 
	 UV-Vis spectroscopy (200–800 nm) 
was used to confirm FeNP synthesis by detecting 
their surface plasmon resonance (SPR) band, 
indicative of nanoparticle formation and influenced 
by size, shape, and aggregation. Additionally, 
FTIR spectroscopy (4000–400 cm{ ¹) identified 
functional groups stabilizing FeNPs, such as 
hydroxyl, carboxyl, amine, and carbonyl groups, 
providing insights into surface interactions crucial 
for various applications.
Photocatalytic Activity
	 FeNPs were evaluated for dye degradation 
efficacy using Methylene Blue, Fast Green, and 
Congo Red dyes. Dye solutions (10 mg/L) were 
prepared, and FeNPs (10 mg) were added under 
sunlight exposure. The absorbance of the samples 
was recorded at different time intervals (0, 30, 60, 
90 minutes) using a UV-Vis spectrophotometer.8 
Decolorization efficiency was calculated using the 
formula:

Decolorization (%) = ((Ai-Af)/Af) × 100

	 where Ai and A
f
represent initial and time-

dependent absorbance values, respectively.

Antibacterial Activity
	 The antibacterial efficacy of FeNPs was 
assessed using the agar well diffusion method 
against E. coli, P. aeruginosa, B. subtilis, S. 
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Fig. 1. Graphical representation of photocatalytic and antibacterial activity of iron nanoparticles synthesized from 
lentinus squarrosulus against human pathogen
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Fig. 2. Lentinus squarrosulus fruit body             Fig. 3. Dried fruitbody

Fig. 4. Mushroom extract                                    Fig. 5. Synthesised Iron Nanoparticles

mutans, E. faecalis, and E. aerogenes. Wells 
were inoculated with FeNP solutions of varying 
concentrations (20, 40, and 60 ìg/ml). Ampicillin 
(100 mg/ml) served as the positive control, while 
FeClƒ  solution was the negative control. The 
diameter of inhibition zones was measured after 
24 hours of incubation at 37°C.9

Results

Synthesis and Characterization of FeNPs
	 The formation of FeNPs was visually 
confirmed by a color change from brown to 
dark brown. UV-Vis spectral analysis revealed 
absorption peaks at 282 nm and 532 nm, indicative 
of FeNP formation. FTIR spectra identified peaks 

at 517 cm{ ¹ and 621 cm{ ¹, corresponding to Fe–O 
stretching, while peaks at 1020 cm{ ¹, 1612 cm{ ¹, 
and 3431 cm{ ¹ indicated the presence of functional 
groups involved in nanoparticle stabilization.
Nanoparticles
	 UV-Vis spectral analysis further validated 
the formation of FeNPs, revealing absorption peaks 
at 282 nm and 538 nm. The peak around 282 nm 
corresponds to electronic transitions within iron 
species, while the 532 nm peak is indicative of 
the characteristic SPR of FeNPs, confirming their 
nanoscale nature.10

	 Fourier-transform infrared (FTIR) 
spectroscopy provided insights into the functional 
groups involved in nanoparticle formation. 
The observed peaks at 517 cm{ ¹ and 621 cm{ 
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Graph 1. UV-Visabsorption spectrum

Graph 2. FTIR graph represents the functional groups present on the surface of Iron Nanoparticles 
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Graph 3. UV-Visible spectrum graphs and changes in colour solution at different reaction rate a) initial 
absorbance b) After 30 minutes c) After 60 minutes d) After 90 minutes

¹ correspond to Fe–O stretching vibrations, 
confirming the presence of iron-oxygen bonds, 
which are indicative of iron oxide formation. 
Additionally, peaks at 1020 cm{ ¹, 1612 cm{ ¹, 
and 3431 cm{ ¹ suggest the presence of organic 
functional groups, possibly from biomolecules 
or capping agents involved in nanoparticle 
stabilization. The peak at 3431 cm{ ¹ is particularly 
indicative of hydroxyl (-OH) stretching vibrations, 
which may arise from residual water or hydroxyl 
groups interacting with FeNPs, further supporting 
their stabilization.
Photocatalytic Activity
	 FeNPs have demonstrated significant 
efficiency in degrading various organic 
pollutants. For instance, green-synthesized iron 
oxide nanoparticles (IONPs) have shown high 
photocatalytic degradation efficiencies for dyes 

such as methyl violet, methyl orange, and Congo 
red, achieving degradation rates up to 89.93%. 14

	 The reusability of these nanoparticles 
over multiple cycles without significant loss of 
activity underscores their potential for sustainable 
wastewater treatment.
Antibacterial Activity
	 The antimicrobial properties of FeNPs 
have been extensively studied, revealing their 
effectiveness against a range of pathogens. The 
generation of reactive oxygen species (ROS) by 
FeNPs plays a crucial role in their antibacterial 
mechanism, leading to the disruption of bacterial 
cell membranes and inhibition of enzyme activity. 
Studies have shown that the antibacterial efficacy 
of FeNPs varies depending on the microorganism 
and synthesis method. 
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Graph 4. Zone of inhibition graph against bacterial strains

DISCUSSION

	 The successful formation of iron 
nanoparticles (FeNPs) was visually confirmed 
by a color change from brown to dark brown, 
indicating nanoparticle synthesis. This observation 
aligns with previous studies where the synthesis of 
iron oxide nanoparticles resulted in a noticeable 
color shift due to surface plasmon resonance 
(SPR) effects.Similar UV absorption features 
have been reported in the literature, with iron 
oxide nanoparticles exhibiting absorption peaks 
between 230 nm and 330 nm.11These FTIR findings 
are consistent with previous reports where Fe–O 
stretching vibrations were observed around 577 
cm{ ¹ and 631 cm{ ¹.12,13These findings confirm 
the successful synthesis of FeNPs and highlight 
the role of functional groups in their formation 
and stabilization. The presence of organic 
functional groups suggests possible interactions 
with biomolecules, which may contribute to 
enhanced stability and potential applications 
in biomedicine, catalysis, and environmental 
remediation. The reusability of these nanoparticles 
over multiple cycles without significant loss of 
activity underscores their potential for sustainable 
wastewater treatment. 15Advancements in the 

design of iron-based photocatalysts, including 
the development of heterojunctions and metal 
doping, have been shown to enhance photocatalytic 
performance. These modifications improve charge 
carrier separation and extend light absorption 
ranges, thereby increasing the efficiency of 
pollutant degradation.16,17For example, iron oxide 
nanoparticles have demonstrated significant 
antibacterial activity against both Gram-negative 
and Gram-positive bacteria, with low toxicity 
toward eukaryotic cells.18  Additionally, metal-
doped iron oxide nanoparticles have emerged 
as promising agents for combating microbial 
infections, offering enhanced antimicrobial 
properties. 19These findings suggest that FeNPs, 
particularly when optimized through doping and 
functionalization, hold significant promise as 
photocatalysts for environmental remediation and 
as antimicrobial agents in medical applications.

CONCLUSION

	 The successful green synthesis of 
iron nanoparticles (FeNPs) using Lentinus 
squarrosulus highlights the remarkable potential 
of fungal-mediated nanotechnology in addressing 
current biomedical and environmental challenges. 
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The biosynthesized FeNPs exhibited strong 
antibacterial activity, particularly against 
Streptococcus mutans, and demonstrated efficient 
photocatalytic degradation of industrial dyes, 
indicating their multifunctional efficacy. These 
properties not only validate the antimicrobial 
and environmental capabilities of FeNPs but 
also reflect the inherent advantages of utilizing 
biological systems for nanoparticle synthesis, 
including cost-effectiveness, eco-friendliness, and 
biocompatibility. 
	 Furthermore, the use of L. squarrosulus 
as a sustainable bioresource strengthens the 
case for integrating mycogenic nanoparticles 
into real-world applications. Overall, FeNPs 
synthesized through this eco-friendly approach 
hold great promise as innovative agents for both 
therapeutic interventions and wastewater treatment 
technologies, paving the way for greener and more 
efficient nanobiotechnological solutions.
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