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Abstract 

This study explores the green synthesis of iron nanoparticles (FeNPs) using aqueous extracts 

of Agaricus bisporus (stipe and pileus) and evaluates their antifungal and antidiabetic potential. 

FeNPs were synthesized at room temperature and under heating conditions, with 

characterization performed using UV-visible spectroscopy, FTIR, SEM-EDS, and DLS. The 

formation of FeNPs was confirmed by a color shift to amber and a characteristic absorption 

peak at 450 nm. FTIR analysis revealed functional groups such as O-H, C=O, and Fe-O, 

indicating the involvement of mushroom phytochemicals in nanoparticle stabilization. SEM 

confirmed uniform morphology, with smaller FeNPs (35 nm) achieved using pileus extract 

(PE) under heating. Antifungal activity against Aspergillus terreus and Aspergillus niger was 

demonstrated via agar well diffusion assays, with inhibition zones up to 34 mm. FeNPs also 

exhibited significant antidiabetic potential, with glucose adsorption capacities up to 69% and 

α-amylase inhibition up to 77%, particularly for smaller nanoparticles. The study highlights the 

dual functionality of A. bisporus-derived FeNPs, showcasing their promise as sustainable 

nanomaterials for biomedical applications. 
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Introduction 

Nanomaterials, due to their small size 

(within the nano-range, 1–100 nm), have 

gained tremendous importance in recent 

decades owing to their unique physical, 

chemical, and biological properties, which 

differ significantly from those of bulk 

materials [1 - 4]. Their high surface-area-

to-volume ratio and quantum confinement 

effects contribute to enhanced reactivity, 

making them suitable for advanced 
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applications in catalysis, medicine, and 

environmental remediation [1, 5]. 

Among various metal nanoparticles (NPs), 

iron nanoparticles (FeNPs) are highly 

explored due to their exceptional magnetic 

properties, thermal and electrical 

conductivity, and dimensional stability [2, 

5]. Conventionally, FeNPs are synthesized 

using chemical methods that involve 

energy-intensive processes and hazardous 

reducing agents such as sodium 

borohydride (NaBH₄) or hydrazine (N₂H₄) 

[6, 7]. However, growing environmental 

concerns have shifted research toward 

green synthesis approaches that utilize 

plant extracts, fungi, or bacteria as 

sustainable alternatives [3, 8 - 9]. 

Compared to bacteria and plants, fungi-

derived metabolites are superior reducing 

and stabilizing agents due to their high 

metal-chelating capacity, low nutritional 

requirements, and adaptability to extreme 

conditions [3, 10]. Mushrooms, in 

particular, are rich in bioactive compounds 

such as polysaccharides, phenolics, and 

proteins, which facilitate the reduction and 

stabilization of metal ions into 

nanoparticles [11, 12]. 

The edible mushroom Agaricus 

bisporus (white button mushroom) is 

widely cultivated and contains essential 

nutrients, including dietary fiber, vitamins 

(thiamine, riboflavin, niacin, biotin, 

ascorbic acid, cobalamin), and minerals 

(potassium, phosphorus) [13, 14]. Its high 

reducing potential has been successfully 

employed in the synthesis of silver 

(AgNPs) and copper nanoparticles (CuNPs) 

[15]. However, its application in the green 

synthesis of FeNPs remains unexplored. 

This study aims to optimize the reaction 

conditions for synthesizing FeNPs using A. 

bisporus extract and evaluate their 

antifungal and antidiabetic potential. 

Experimental materials 

A. bisporus (White button mushroom) was 

purchased from a local store "House of 

mushroom" (Johar town, Lahore). Ferric 

chloride (FeCl3) used in the work was of 

analytical grade and obtained from Sigma 

Aldrich(USA) and distilled water was 

obtained from Research Lab, University of 

Lahore, Lahore, Pakistan. 

Characterization 

Fourier-Transform Infrared Spectroscopy 

(FTIR) was employed to study the various 

vibrational modes and analyze the metal-

organic interlinkage. FTIR was used to 

determine the organic functional groups 

linked to the surface of FeNPs. The dried 

samples were analyzed by FTIR after 

mixing with a finely powdered KBr. The 

samples were scanned in the 4000-500 cm-

1 spectral range with a resolution of 16 cm-

1 (Fig. 3B).[16]. The NPs' morphology and 

size distribution was observed using SEM 

(H-7600, Hitachi Ltd. Tokyo, Japan). The 

sample's structure was inspected by 

applying Raman spectroscopy. The 

sample's absorption range and properties 

were assessed through ultraviolet-visible 

diffuse reflectance spectroscopy (UV-VIS 

DRS). Energy Dispersive X-Ray Analysis 

(EDX) is used for elemental analysis. EDX 

is coupled with electron microscopy 

instruments (Scanning electron microscopy 

(SEM)). Moreover, Dynamic Light 

Scattering (DLS) Analysis used for the Zeta 

sizer was used to determine the particle size 

and zeta potential of iron nanoparticles 

(FeNPs). Phosphate-buffered saline (0.15 

M, pH 7.2) was used to dilute the 

lyophilized samples ten times. The aliquots 

were then sampled in DLS cuvettes, and the 

equivalent diameters, size distribution, and 

zeta potential of nanoparticles were 

determined. At room temperature (25 °C), 

particle sizes were measured at a scattering 

angle of 90°.[16]. 

Preparation of mushroom extract 

A. bisporus was washed thoroughly with 
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distilled water to get rid of dirt and mud that 

had adhered to the mushroom's surface. The 

stipe and pileus were separately cut into 

tiny pieces. 5 grams each of stipe and pileus 

were separately boiled in 100 ml distilled 

water for 10 min and then filtered by using 

Whatmann No.1 filter paper to afford stipe 

extract (SE) and Pileus extract (PE). The 

extracts were preserved in airtight 

containers until further use.[17]. 

Synthesis of iron nanoparticles 

Method 1: Mycosynthesis at room 

temperature 

Different concentrations of FeCl₃ aqueous 

solutions (0.5, 1.0, 1.5, 2.0, and 2.5 mM) 

were prepared for nanoparticle synthesis. In 

each reaction, 5 mL of FeCl₃ solution was 

placed in a 150 mL Erlenmeyer flask under 

continuous stirring, followed by the 

addition of varying volumes (1-5 mL) of 

stipe extract (SE). The total reaction 

volume was brought to 50 mL by 

supplementing with distilled water. The 

mixtures were then incubated at 37°C for 

48 hours under ambient conditions, during 

which the color transition from lemon 

yellow to black indicated successful 

formation of iron nanoparticles. The 

resulting FeNPs were isolated by 

centrifugation at 8000 rpm for 20 minutes 

at 4°C. After discarding the supernatant, the 

obtained pellet was washed with acetone to 

remove residual reactants and subsequently 

air-dried at room temperature for further 

characterization (Figure 1e). 

Method 2: Mycosynthesis by heating the 

reaction mixture until dryness 

For the heat-assisted synthesis method, 

varying volumes (1-5 mL) of pileus extract 

(PE) were introduced into 5 mL aliquots of 

FeCl₃ solutions (0.5-2.5 mM) in 150 mL 

Erlenmeyer flasks under constant stirring. 

The reaction mixtures were subsequently 

diluted to a final volume of 50 mL using 

distilled water. These solutions were then 

subjected to controlled heating at 80°C 

using a hot plate with magnetic stirring 

until complete solvent evaporation was 

achieved, yielding FeNPs as dark brown to 

black powders (Fig. 1f) [18]. 

Evaluation of antifungal activity 

Agar plate’s preparation 

4 grams of Commercial potato dextrose 

agar (PDA) was added in 100 ml of distilled 

water in an Erlenmayer's flask. The agar 

was dissolved by stirring the mixture on a 

hotplate with a magnetic bar. The petri 

plates were cleaned and stacked in a plastic 

bag. The agar solution, petri plates and 

microtips were autoclaved at 121℃ to 

sterilize all the ingredients prior to 

preparing culture media. After sterilization, 

the agar solution was poured into the petri 

plates (approx. 20 ml) in a laminar air hood. 

The lid of the plates was slightly opened to 

solidify the agar. In 20-25 minutes, the 

plates were completely solidified. The Petri 

plates were sealed with scotch tape and 

stored upside down for 24 hours at 28-

35℃.[19]. 

Determination of morphological 

characters of pure cultures 

The inoculums of the pathogenic fungi 

(Aspergillus terreus and Aspergillus niger) 

were taken from the laboratory of 

Department of Botany University of 

Education, Lahore. The pathogen was 

placed on PDA media with a sterilized 

inoculating loop. The petri plates were 

incubated at 37℃ for 7 days. The 

morphological characteristics, i.e., 

diameter, surface color, margins, reverse 

side and elevations, were determined.[20]. 

Microscopic analysis of the pathogens 

A drop of glycerine was poured in the 

middle of the glass slide. A small amount of 

the pathogen was placed on the liquid using 

a sterile tweezer. One side of the coverslip 
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was placed at an angle against the slide, 

contacting the outside edge of the liquid 

drop. The cover slip was slowly lowered to 

avoid air bubbles. By using tissue paper, 

any extra water was removed. The 

specimens were observed microscopically 

at 10×, 40×, and 100×, and photographs 

were taken.[20]. 

Evaluation of antifungal activity 

The agar well diffusion technique was used 

to check the antifungal activity of the 

microbiologically synthesized FeNPs 

against A. niger and A. terreus. These 

organisms were cultured in PDA medium in 

an incubator at 37°C and using a sterile 

inoculating loop, the test organisms were 

swabbed on the agar plates. Sterile 

microtips were used to create wells in petri 

plates. Different concentration of 

synthesized FeNPs solution (20𝜇𝑙, 40𝜇𝑙, 
60𝜇𝑙 and 100𝜇𝑙)  was placed in each well. 

Following inoculation, the plates were 

incubated at room temperature for 7 days. 

Dermosporin (broad spectrum antimycotic 

drug) was used as a control. The zone of 

inhibition was measured in mm. The 

creation of a clear zone surrounding the 

well was considered an antifungal action by 

the FeNPs.[16]. 

Results and discussion 

Biosynthesis of iron nanoparticles 

Mushrooms represent a valuable natural 

source of bioactive compounds, exhibiting 

well-documented pharmacological 

properties including anti-inflammatory, 

antibacterial, antioxidant, antifungal, 

antiviral, anticancer, cardiovascular, 

hypotensive, and hepatoprotective 

activities [21]. This rich phytochemical 

profile makes mushroom extracts ideal for 

the green synthesis of iron nanoparticles 

(FeNPs), offering a cost-effective, 

biocompatible, and environmentally benign 

approach to nanomaterial production. The 

biosynthesis process was visually 

monitored through distinct colorimetric 

changes, where the characteristic amber 

coloration specifically developed in 

reaction flasks containing both mushroom 

extract and FeCl₃ solution. This selective 

color transformation, emerging within 48 

hours of incubation, serves as a reliable 

indicator of FeNP formation, attributable to 

the reduction potential of mushroom 

phytochemicals and the subsequent 

excitation of surface plasmon resonance in 

the synthesized nanoparticles [22]. The 

absence of such color changes in control 

solutions confirms the essential role of 

mushroom-derived reducing agents in the 

nanoparticle formation process. (Fig 1). 

Figure. 1: A) A. bisporus; B). SE; C). PE; 

D) Different concentrations of FeCl3 

solution; E) Synthesized Iron nanoparticle 

solutions under room temperature 

conditions; F) Air dried iron nanoparticles 

prepared by heating to complete dryness. 

Upon reaction of A. bisporus stipe (SE) and 

pileus (PE) extracts (1-5 mL) with FeCl₃ 

solutions (0.5-2.5 mM), a progressive color 

transition was observed, evolving from 

initial pale yellow to a distinct amber hue. 

This chromatic transformation, visible 

within 48 hours of incubation and reaching 

maximum intensity by 72 hours (Fig. 2), 

serves as a visual indicator of iron 

nanoparticle formation. The time-

dependent development of coloration 

corresponds to the gradual reduction of Fe³⁺ 

ions and subsequent nanoparticle 

nucleation and growth processes. Figure 2 

clearly demonstrates this progression, 

showing (a) the original pale yellow 

reaction mixture and (b) the characteristic 
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amber coloration after 48 hours, providing 

visual confirmation of successful 

nanoparticle synthesis. 

Figure. 2: Color of reaction mixture: a) 

before reaction; b) after 48 hours. 

The UV-Visible absorbance spectra (Fig. 3) 

demonstrate the successful formation of 

FeNPs through bioreduction using 

Agaricus bisporus extracts. The spectra 

show characteristic absorption peaks near 

450 nm for all samples, corresponding to 

the typical surface plasmon resonance 

(SPR) of FeNPs [23 - 27]. Distinct 

variations in absorbance intensity are 

evident among the different samples: 

PE155 and SE051 exhibit stronger 

absorption, indicating the presence of 

smaller nanoparticles with higher surface 

area, while SE255 shows relatively lower 

absorption, suggesting larger particle sizes 

or aggregates. The pileus extract-derived 

samples (PE155, PE154) display 

comparable absorption profiles to those 

synthesized using stipe extract (SE051, 

SE101, SE251, SE255), confirming 

consistent reduction capabilities of both 

mushroom parts. The absence of multiple 

peaks or significant peak broadening 

suggests uniform nanoparticle formation 

without substantial oxidation or 

aggregation. These spectral features 

collectively verify the effective 

biosynthesis of FeNPs with size-dependent 

optical properties that correlate with the 

synthetic conditions employed for each 

sample. The reproducibility of the SPR 

band position across all samples further 

confirms the stability of the green synthesis 

approach. 

Figure. 3: UV-Visible spectra of some 

selective FeNPs. 

FTIR studies 

The FTIR spectrum of FeNPs synthesized 

using A. bisporus extract (Fig. 4) reveals 

characteristic vibrational modes of both 

organic capping agents and the iron oxide 

core. A broad absorption band in the 3200-

3350 cm⁻¹ region corresponds to O-H 

stretching vibrations from polyphenols and 

polysaccharides present in the mushroom 

extract. The spectrum shows prominent 

peaks at 1620-1600 cm⁻¹ (carbonyl C=O 

stretching) and 1390-1450 cm⁻¹ (C=C 

aromatic stretching), confirming the 

presence of bioactive mushroom 

compounds coating the nanoparticles. A 

distinct signal at 1030-1150 cm⁻¹ arises 

from C-O stretching vibrations of alcoholic 

or ether groups. Most significantly, the 

appearance of a strong Fe-O stretching 

vibration at 570 cm⁻¹ provides direct 

evidence of iron oxide nanoparticle 

formation [28, 29]. The transmittance 

spectrum (Fig. 4) clearly displays these 

characteristic bands, with the Fe-O 

vibration showing particularly strong 

absorption, indicating successful 

nanoparticle synthesis. The spectral 

features between 4000-500 cm⁻¹ 

collectively demonstrate the dual nature of 

the biosynthesized nanoparticles, featuring 

both organic phytochemical coatings from 

the mushroom extract and an inorganic iron 

oxide core. 

a b 
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Figure 4: FTIR spectrum of synthesized Fe-

NP. 

The FTIR spectra of FeNPs synthesized 

under different conditions reveal distinct 

surface chemistries influenced by both 

biomolecular capping and thermal effects. 

For nanoparticles prepared at room 

temperature, the broad O–H stretching band 

(3200–3350 cm⁻¹) arises from hydroxyl 

groups in mushroom-derived polyphenols 

(e.g., flavonoids) and polysaccharides (e.g., 

β-glucans), which act as both reducing and 

stabilizing agents [28, 30]. The carbonyl 

stretch (1620–1600 cm⁻¹) likely originates 

from amide I bands of proteins and 

phenolic acids, while the C–O vibration 

(1030–1150 cm⁻¹) suggests glycosidic 

linkages in polysaccharides [31]. Notably, 

the Fe–O vibration at 570 cm⁻¹ confirms the 

formation of magnetite (Fe₃O₄) or 

maghemite (γ-Fe₂O₃) phases, consistent 

with biosynthetic routes [32]. In heat-

assisted synthesis, the spectral shifts (O–H 

attenuation, C=C intensification at 1450 

cm⁻¹) align with pyrolytic decomposition of 

organics, potentially forming graphitic 

shells that enhance nanoparticle stability, as 

reported in thermal green synthesis 

methods [33]. The preserved Fe–O peak 

indicates thermal stability of the iron oxide 

core up to the applied temperatures. 

Particle size control is governed by 

competing kinetic and thermodynamic 

factors. Higher FeCl₃ concentrations (0.5–

2.5 mM) accelerate nucleation rates (LaMer 

mechanism), but excess Fe³⁺ ions promote 

aggregation through reduced steric 

stabilization by mushroom phytochemicals 

[34]. This is evidenced by DLS data 

showing a 40-60 nm size increase at 2.5 

mM versus 0.5 mM FeCl₃ (Fig. 7). The 

temperature dependence follows Arrhenius 

principles – room-temperature synthesis 

allows gradual Oswald ripening (favoring 

monodispersity), while rapid solvent 

evaporation during heating kinetically traps 

smaller nuclei (20-30 nm) before 

aggregation occurs [35]. Comparative 

studies suggest stipe extracts (SE) yield 

smaller particles than pileus (PE), possibly 

due to higher protein content (e.g., lectins) 

providing stronger electrostatic 

stabilization [36]. These findings align with 

recent work on fungal-mediated synthesis, 

where extract composition and processing 

parameters jointly determine nanoparticle 

properties [37, 38]. 

Size determination of FeNPs 

The particle sizes of Fe nanoparticles were 

evaluated using DLS. The size of Fe 

nanoparticles is typically influenced by the 

concentration of the precursor Fe (III) ions, 

the concentration of extract used, and the 

reaction conditions used.[39, 40] The 

nanoparticles were prepared by using 

different volumes (1-5mL) of SE and PE 

with different concentrations (0.5, 1.0, 1.5, 

2.0 and 2.5 mM) of FeCl3. The solutions 

after mixing the FeCl3 solution with 

mushroom extracts were either stirred at 

room temperature or stirred under heating 

conditions till complete evaporation of 

solvent and conversion of the reaction 

mixture into fine powder. The nanoparticles 

thus prepared were analyzed by means of 

DLS to compare their sizes/hydrodynamic 

diameter using de-ionized H2O as solvent. 

It was observed that when higher 

concentrations of FeCl3 were used in the 

Synthesis of Fe nanoparticles, the size of 

the resulting nanoparticles were higher than 

the nanoparticles obtained with lower 

concentration of FeCl3 (Fig. 5). 



DOI: 10.53992/njns.v11i1.306   NUST Journal of Natural Sciences, Vol. 11, Issue 1, 2026 

___________________________________________________________________________

Green synthesis of iron nanoparticles using Agaricus bisporus: Evaluation of antifungal 

and antidiabetic potential 

Figure5: Particle size analysis of FeNPs by 

DLS. 

The expected size range of FeNPs prepared 

by using A. bisporous extract and FeCl3 

solution under stirring and subsequent 

centrifugation were smaller than the 

nanoparticles prepared by heating the 

solution to complete dryness. When A. 

bisporous extract and FeCl3 solution were 

stirred together, the reduction of Fe (III) 

ions and the formation of Fe nanoparticles 

occur simultaneously. The nanoparticles 

form and grow in the solution, and as the 

reaction proceeds, they tend to aggregate 

and form larger clusters. During the 

centrifugation process, smaller 

nanoparticles that are well-dispersed in the 

solution are more likely to be recovered in 

the centrifuged sample, resulting in a 

smaller average particle size range. On the 

other hand, when the solution of FeCl3 and 

A. bisporous extract is heated to complete 

dryness, the Fe nanoparticles tend to 

aggregate and form larger clusters due to 

the lack of dispersing forces. The studies at 

room temperature involved use of SE while 

in case of heating method PE were utilized. 

The findings of these studies are 

summarized in Table 1. 

Table 1: FTIR and DLS results of synthesized Fe-NPs by SE & PE. 

Entry 
Conc of 

FeCl3 
Extract 

Vol. of 

extract 

Reaction  

conditions 

Particle 

size 

FTIR stretching 

frequency (cm-1) 

O-H C=O C=C C-O Fe-O 

SE051 

0.5mM SE 

1ml 

Centrifugat

ion/RT 

75 3340 1634 1448 1035 557 

SE052 2ml 80 3280 1630 1437 1043 561 

SE053 3ml 94 3242 1632 1428 1080 565 

SE054  4ml 110 3258 1641 1434 1054 576 

SE055 5ml 118 3294 1626 1450 1028 558 

SE101 

1.0mM SE 

1ml 

Centrifugat

ion/RT 

68 3158 1627 1437 1035 569 

SE102 2ml 75 3109 1630 1429 1041 558 

SE103 3ml 80 3071 1625 1416 1021 567 

SE104  4ml 88 3188 1629 1408 1036 564 

SE105 5ml 97 3145 1638 1423 1028 586 

SE151 

1.5mM SE 

1ml 

Centrifugat

ion/RT 

87 3235 1640 1468 1054 584 

SE152 2ml 78 3250 1643 1439 1038 574 

SE153 3ml 90 3227 1632 1476 1041 568 

SE154  4ml 115 3235 1629 1468 1025 594 

SE155 5ml 125 3235 1627 1457 1033 563 

SE201 

2.0mM SE 

1ml 

Centrifugat

ion/RT 

89 3257 1640 1401 1032 572 

SE202 2ml 91 3257 1640 1401 1029 577 

SE203 3ml 94 3257 1640 1408 1033 564 

SE204  4ml 120 3242 1640 1394 1028 569 

SE205 5ml 158 3265 1640 1394 1025 573 
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Entry 
Conc of 

FeCl3 
Extract 

Vol. of 

extract 

Reaction  

conditions 

Particle 

size 

FTIR stretching 

frequency (cm-1) 

O-H O-H O-H O-H O-H 

SE251 

2.5mM SE 

1ml 

Centrifugat

ion/RT 

92 3235 1632 1416 1039 558 

SE252 2ml 97 3145 1625 1429 1028 567 

SE253 3ml 106 3265 1640 1435 1025 583 

SE254  4ml 135 3242 1640 1442 1023 577 

SE255 5ml 170 3235 1640 1456 1068 569 

PE051 

0.5mM PE 

1ml 

Heating till 

complete 

dryness 

85 3341 1647 1449 1108 584 

PE052 2ml 76 3338 1651 1453 1098 575 

PE053 3ml 73 3344 1648 1449 1079 572 

PE054  4ml 70 3308 1656 1440 1112 559 

PE055 5ml 84 3328 1653 1444 1118 568 

PE151 

1.5mM PE 

1ml 

Heating till 

complete 

dryness 

90 3330 1658 1445 1121 553 

PE152 2ml 96 3324 1648 1430 1126 564 

PE153 3ml 110 3346 1652 1456 1118 574 

PE154  4ml 118 3338 1650 1446 1124 581 

PE155 5ml 35 3330 1644 1439 1119 587 

PE251 

2.5mM PE 

1ml 

Heating till 

complete 

dryness 

95 3347 1660 1446 1125 588 

PE252 2ml 120 3365 1664 1455 1127 576 

PE253 3ml 138 3394 1668 1441 1134 561 

PE254  4ml 160 3397 1658 1444 1129 579 

PE255 5ml 210 3405 1652 1456 1117 566 

SEM studies 

The surface morphology of FeNP with 

minimum particle size of 35 nm (PE155) as 

depicted by DLS was analyzed by SEM 

which indicated the particles to be uniform 

and granular. The Energy dispersive Xray 

analysis indicated the synthesized NPs to be 

primarily composed of Fe and O (Fig. 6A 

& 6B). 

Figure. 6: A) SEM of PE155 ; B) EDX of 

PE155. 

Determination of morphological 

characters of pure cultures 

The surface color of A. terreus colonies was 

initially white. The colony appearance of A. 

terreus became golden yellow after 7 days 

of incubation. The reverse side is 

reddish/deep brown in color. The diameter 

of the colonies is in the range of 0.1-0.5 cm. 

The surface color of A. niger on PDA media 

appeared dark brown to black in color. The 

reverse side was creamy white. The 

elevations were umbonate and the diameter 

of the colonies are in the range of 0.5-2 cm 

(Table 2). 

Antibacterial activity 

Microscopic analysis of the pathogens 

The conidia of A. terreus are small, 

globose-shaped, smooth-walled and 

yellowish in color.  
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Table 2: Colony morphology of A. terreus and A. niger. 

Colony morphology 

Fungi 
Diameter  

of colony 
Shape Texture Elevation 

Surface 

color 

Reverse 

color 
Margins 

A. terreus 0.1-0.5cm Punctiform Rough Umbonate 

Initially 

white to 

pale yellow 

Reddish 

brown 
Entire 

A. niger 0.5-2cm Circular Smooth Umbonate  
Dark brown 

to black 

Creamy 

white 
Entire 

The conidiophores (spore-bearing 

structures) of A. terreus and A. niger are 

long and smooth, dark at the apex, and 

terminate in globose vesicles (Table 2 

above; Fig. 7 below). In these species, the 

hyphae are septate, though A. niger 

specifically exhibits exine spiny 

ornamentation." 

Figure. 7: a, b, c, & d: Obverse and reverse 

colony morphology of A. terreus and A. 

niger; e & f. microscopic view of A. terreus 

and Aspergillus niger. 

Evaluation of antifungal activity 

The iron nanoparticles synthesized from 

mushroom extracts were evaluated for 

antifungal efficacy against pathogenic 

fungus A. terreus and A. niger using the 

agar well-diffusion method and the zone of 

inhibition was calculated in millimetres 

(mm). In addition, the zone of inhibition of 

an antibiotic (Dermosporin) was measured. 

A. bisporus iron nanoparticles showed 

reduced antifungal efficacy against the 

selected pathogens. After 7 days incubation 

at 37°, inhibitory zones were discovered. 

Different concentration of the iron 

nanoparticle (0, 20, 40, 60, 80 and 100 

𝜇𝑙) solutions were poured into the agar 

wells with the help of a micropipette. The 

plates were incubated for 7 days at 37°C 

and zone of inhibition was measured (Fig. 

8). Table 3 indicates maximum zone of 

inhibition obtained by using these 

concentrations of FeNPs. 

Figure. 8:  Best fungicidal activity of synthesized iron nanoparticles observed against A.terreus 

and A. niger. 
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Table 3: Effect of different concentrations (20, 40, 60, 80 & 100𝝁𝒍) of iron nanoparticles 

against A. terreus and A. niger. 

Standard 

Drug/Sample 

Zone of inhibition (mm) 

Fungal strains 

A. terreus A. niger 

Dermosporin 30.8± 0.50 46.4± 0.30 

SE051 

SE052 

SE053 

SE054 

SE055 

8.0 (100 μl) 

10 (100 μl) 

13 (100 μl) 

5 (100 μl) 

16 (60 μl) 

10.0 (60 μl) 

12 (60 μl) 

18 (60 μl) 

25 (60 μl) 

23 (100 μl) 

SE101 

SE102 

SE103 

SE104 

SE105 

3.0 (100 μl) 

15 (80 μl) 

24 (60 μl) 

15 (100 μl) 

11 (60 μl) 

8.0 (100 μl) 

15 (100 μl) 

11 (80 μl) 

5 (60 μl) 

0.0 (100 μl) 

SE151 

SE152 

SE153 

SE154 

SE155 

0 (100 µl) 

0 (100 µl) 

0 (100 µl) 

4 (100 µl) 

9 (100 µl) 

5 (100 µl) 

8 (100 µl) 

9 (100 µl) 

13 (100 µl) 

16 (100 µl) 

SE201 

SE202 

SE203 

SE204 

SE205 

0 (100 µl) 

0 (100 µl) 

0 (100 µl) 

0 (100 µl) 

0 (100 µl) 

13 (100 µl) 

15 (100 µl) 

11 (100 µl) 

17 (100 µl) 

20 (100 µl) 

SE251 

SE252 

SE253 

SE254 

SE255 

15 (100 µl) 

18 (100 µl) 

18 (100 µl) 

18 (100 µl) 

18 (100 µl) 

19 (100 µl) 

21 (100 µl) 

24 (100 µl) 

29 (100 µl) 

32 (100 µl) 

PE051 19 (100 µl) 21 (100 µl) 
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PE052 

PE053 

PE054 

PE055 

23 (100 µl) 

28 (100 µl) 

25 (100 µl) 

20 (100 µl) 

26 (100 µl) 

27 (100 µl) 

31 (100 µl) 

34 (100 µl) 

PE151 

PE152 

PE153 

PE154 

PE155 

21 (100 µl) 

23 (100 µl) 

27 (100 µl) 

33 (100 µl) 

23 (100 µl) 

23 (100 µl) 

25 (100 µl) 

28 (100 µl) 

30 (100 µl) 

29 (100 µl) 

PE251 

PE252 

PE253 

PE254 

PE255 

14 (100 µl) 

17 (100 µl) 

11 (100 µl) 

19 (100 µl) 

21 (100 µl) 

19 (100 µl) 

16 (100 µl) 

13 (100 µl) 

9 (100 µl) 

7 (100 µl) 

Evaluation of in vitro antidiabetic 

potential 

Glucose adsorption assay 

The ability of FENPs to adsorb glucose was 

evaluated by means of glucose adsorption 

following the method of Kaur etal.[30] 

Briefly, 0.1 g of the FeNPs was combined 

with a 10 mL of glucose (5–30 mM) 

solution. The resulting mixture was 

incubated at room temperature for 6 h 

followed by centrifugation at 8000 rpm at 

4°C for 20 min (Table 4). The absorbance 

of glucose was determined at 520 nm 

before reaction and after 6 hours in order to 

determine the value of bound glucose by 

using the following formula: 

𝐵𝑜𝑢𝑛𝑑 𝑔𝑙𝑢𝑐𝑜𝑠𝑒

=  

𝐺𝑙𝑢𝑐𝑜𝑠𝑒 𝐶𝑜𝑛𝑐 𝑏𝑒𝑓𝑜𝑟𝑒 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 − 𝑔𝑙𝑢𝑐𝑜𝑠𝑒 
𝑐𝑜𝑛𝑐 𝑎𝑓𝑡𝑒𝑟 6 ℎ

𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
 

× 𝑣𝑜𝑙 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 

Alpha (α) amylase inhibition assay 

Alpha-amylase is an enzyme which is 

responsible for hydrolyzing alpha bonds of 

polysaccharides to yield glucose and 

maltose. The action of this enzyme leads to 

elevation of blood glucose levels and its 

inhibition will lead to decrease in sugar 

level. The α-amylase inhibition assay was 

followed according to the procedure 

described briefly [28], a reaction mixture 

containing porcine pancreatic amylase (500 

L) in phosphate‐buffered saline (PBS), and 

FeNPs was prepared and kept at 37 C for 10 

min. the reaction was initiated by adding 20 

µl starch solution (1.0 mg/mL) and kept at 

ambient temperature for 0.5 hours (Table 

4). The enzymatic reaction was quenched 

by adding HCL (20 µl, 1 M) and 100 µl 

iodine reagent was added and absorbance 

was recorded at 580 nm. The % of enzyme 

inhibition was calculated by following 

formula: 

% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛

=  

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 
𝑜𝑓 𝑆𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝐶𝑜𝑛𝑡𝑟𝑜𝑙
 

× 100 
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Table 4: Antidiabetic activity of FeNPs.

Entry 

Particle 

size of 

FeNPs (nm) 

Glucose Adsorption % Inhibition of α-amylase  

5 mM  

glucose  

15 mM 

glucose 

30 mM 

glucose 
20 µl/mL 

40 

µl/mL 

60 

µl/mL 

100 

µl/mL 

PE - 2% 4% 8% 14% 33% 42% 61% 

SE - 4% 5% 9% 16% 35% 44% 64% 

Acorbose - 40% 63% 87% 38% 46% 72% 83% 

SE051 75 8% 13% 19% 20% 24% 28% 35% 

SE055 118 6% 9% 13% 11% 15% 19% 24% 

SE101 68 15% 19% 25% 24% 29% 30% 34% 

SE105 97 9% 15% 28% 16% 22% 26% 29% 

SE152 78 9% 14% 18% 19% 25% 29% 31% 

SE155 125 5% 9% 11% 9% 16% 21% 15% 

SE201 89 8% 13% 18% 14% 28% 33% 27% 

SE205 158 4% 7% 10% 5% 10% 13% 20% 

SE251 92 7% 11% 15% 13% 16% 19% 24% 

SE255 170 2% 4% 7% 3% 8% 11% 17% 

PE051 85 10% 16% 22% 16% 26% 34% 44% 

PE054  70 13% 23% 34% 20% 29% 38% 52% 

PE154 118 8% 15% 20% 12% 17% 23% 28% 

PE155 35 23% 39% 69% 38% 49% 57% 77% 

PE251 95 10% 14% 24% 17% 25% 33% 39% 

PE255 121 7% 18% 30% 13% 18% 25% 31% 

Antifungal potential 

Fe-NPs interact with the fungal cell 

surfaces, affect their permeability and 

produce oxidative stress resulting in the 

inhibition of fungal growth.[41] This 

represents when the concentration of the 

nanoparticle solution is increased there may 

be a high oxidative stress which results in a 

large inhibition zone. A. terreus (34mm) 

showed a higher inhibition zone against 

100𝜇l standard antibiotic Dermosporin as 

compared to the A. niger (30mm). 

Aspergillus niger has high antifungal 

potential. 

Antidiabetic potential 

Analysis of glucose adsorption 

Analysis of Glucose Adsorption by FeNPs 

and SE and PE extracts indicate that FeNPs 

have superior absorption potential as 

compared to extracts and interestingly, SE 

has higher adsorption potential as 

compared to PE. Also, table 4 indicated that 

glucose adsorption potential is closely 

related to particle size of the FeNPs; 

smaller the size higher the adsorption 

potential with best adsorption observed for 

PE155. It was also observed with glucose 

adsorption increased with increased 

molarity of glucose (Fig. 9) [30, 42 - 44]. 

Figure 9: Glucose adsorption potential of 

FeNPs. 
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Inhibition of α-amylase 

Amylases facilitate the breakdown of 

alpha‐glycosidic bonds in starch and 

glycogen. The inhibition of amylase is 

recognized as a valuable tactic in managing 

carbohydrate metabolism disorders and 

associated conditions such as diabetes, 

obesity, and tooth decay.[30, 41] The alpha-

amylase inhibitory effect was determined 

for FeNPs as well as Crude Extract (SE & 

PE). The percent inhibitory values of 

FeNPs at 20, 40, 60, 100 g/mL were noted 

(Fig.10). The results indicate the [45], SE 

has superior activity of PE. Furthermore, 

the inhibitory potential is dependent on size 

of NPs, smaller the size, higher the 

inhibitory potential of the FeNPs [46]. 

Figure 10: Amylase inhibitory potential of 

FeNPs. 

Conclusions 

This study successfully demonstrates facile 

Agaricus bisporus mediated mycosynthesis 

of FeNPs at room temperature and by 

heating until dryness. The FeNPs 

synthesized under different temperature 

conditions were characterized using UV-

visible spectrophotometry, FTIR, SEM-

EDS, and DLS, confirming their structural 

and compositional properties, including 

smaller size and uniform morphology, 

particularly under optimized conditions. 

The formation of FeNPs was indicated by 

an amber color and confirmed by UV-

visible spectroscopy, with peak absorbance 

around 450 nm, and FTIR spectroscopy, 

revealing key functional groups like O-H, 

C=O, C=C, and Fe-O. 

The synthesized FeNPs exhibited 

significant antifungal activity against 

Aspergillus terreus and Aspergillus niger, 

as demonstrated by clear inhibition zones in 

agar well diffusion assays. Additionally, 

the FeNPs showed promising antidiabetic 

potential through glucose adsorption and α-

amylase inhibition, suggesting their 

multifunctional properties. Smaller-sized 

FeNPs displayed enhanced antifungal and 

antidiabetic activities, indicating the 

importance of optimizing synthesis 

parameters to tailor nanoparticle 

characteristics. 

These findings support the potential of 

mushroom-derived FeNPs as 

multifunctional nanomaterials with diverse 

biomedical and environmental 

applications, including as antimicrobial 

agents and in diabetes management. Future 

research should focus on scaling up this 

green synthesis approach and exploring the 

full spectrum of their biomedical and 

environmental uses. 
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