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Abstract   

The use of biological agents for the synthesis of green nanoparticles has 

garnered significant attention, emerging as a promising approach in 

nanotechnology and materials science. In this study, silver nanoparticles 

were synthesised using an aqueous extract from cultivated mushrooms, 

including Chlorophyllum agaricoides PP410314, Coriolopsis trogii 

PP921338.1, Ganoderma sp. PP921328.1 and Lentinus tigrinus PP921339.1, 

grown on potato dextrose agar (PDA). The formation of these nanoparticles 

was confirmed through UV-visible spectroscopy, with maximum absorbance 

observed at 424 and 426 nm. Nanoparticles were characterised to assess 

their stability, shape, size and crystallinity using various analytical 

techniques, such as Fourier transform infrared (FTIR) spectroscopy, atomic 

force microscopy (AFM), scanning electron microscopy (SEM) and X-ray 

diffraction (XRD). The XRD pattern revealed 2θ values corresponding to 

silver nanocrystals, with average crystallite sizes of 25.31, 27.05, 28.98 and 

31.42 nm. The antimicrobial activity of the synthesised nanoparticles was 

tested against various microorganisms, including Escherichia coli 

ATCC25922, Pseudomonas aeruginosa ATCC9027, Staphylococcus aureus 

ATCC6538 and Candida albicans ATCC10231, demonstrating a strong 

inhibitory effect. Furthermore, antioxidant assays confirmed that these 

nanoparticles exhibited significant activity, which increased with 

concentration, in comparison to vitamin C. Overall, the green synthesis 

approach successfully produces silver nanoparticles with robust antioxidant 

and antibacterial properties, which can be attributed to the bioactive 

molecules present on their surface. 
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Introduction   

Mushrooms are a type of macrofungi found globally. They are fleshy, spore-

producing fruiting bodies that typically grow above ground on soil or other 

nutrient source.  With a wide range of species, mushrooms have been a staple 

in human diets for thousands of years, with their consumption increasing in 

recent times. Edible mushrooms are commonly used for both nutritional and 

medicinal purposes (1,2). A wide range of metabolites of commercial value 

can be produced from mushrooms, which are also inexpensive substrates. 

Their well-documented biological properties include antiviral, antibacterial, 

antitumor, anti-inflammatory, antioxidant and anticancer activities (3).  

 Nanoparticles (NPs) are integral to nanotechnology, exhibiting advanced 
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properties influenced by factors  such as size and 

morphology. These unique characteristics enable their 

application across diverse fields, including biomedicine, 

energy science, optics and healthcare (4). Nanoparticle 

syntheses methods are categorised into  chemical, physical 

and biological approaches,  with biological synthesis  being 

the most promising (5). Chemical and physical approaches 

are often expensive, energy-intensive and reliant on 

hazardous reagents. The limitations of traditional methods 

have driven growing interest in biogenic synthesis due to 

biocompatibility and environmental sustainability (6, 7). The 

production of metallic nanoparticles using microorganisms 

such as bacteria, fungi, algae and plants has gained 

considerable attention (8).  

 Macrofungi, particularly mushrooms, offer an 

innovative and efficient platform for large-scale nanoparticle 

synthesis. Over the past 15 years, eco-friendly metallic 

nanoparticles, including silver (Ag), gold (Au), selenium (Se), 

iron (Fe), zinc sulphide (ZnS) and palladium (Pd), have been 

synthesised from various mushroom species. These 

macrofungi belong to genera such as Pleurotus, Agaricus, 

Schizophyllum, Ganoderma, Coriolus and Volvariella (9). 

Among them, silver nanoparticles (AgNPs) stand out for their 

chemical biocompatibility and broad-spectrum antimicrobial 

properties. AgNPs interact with microbial cell walls and 

membranes, potentially penetrating cells. They disrupt 

cellular structures within the cell, generate reactive oxygen 

species (ROS) and interfere with signal transduction 

pathways (10). Additionally, AgNPs are less likely to promote 

drug-resistant microbial strains, making them highly effective 

antimicrobial agents for combating infections in humans (11). 

 This study highlights the growing interest in 

mushroom cultivation due to its potential for producing 

bioactive compounds. Submerged cultivation in bioreactors, 

performed under regulated conditions, is deemed more 

consistent and dependable than fruiting body cultivation. 

Beneficial compounds are present in the cultured broth, 

mycelium and fruiting bodies of mushrooms. Their 

concentrations may fluctuate based on factors such as 

mushroom strain, cultivation methods, developmental stage, 

freshness, storage conditions and extraction processes (12). 

Different mushroom species contain a variety of bioactive 

substances. For example, important phenolic substances 

such as gallic acid, naringin and trans-cinnamic acid are 

found in Chlorophyllum agaricoides (13). Laccases, which 

have a variety of industrial uses, are produced by Coriolopsis 

trogii (14). Phenolic compounds known for their strong 

antibacterial and antioxidant properties, are abundant in 

Lentinus tigrinus (15). Medicinal mushrooms, particularly 

those from the Ganoderma genus, such as Ganoderma 

lucidum, contain bioactive compounds including triterpenes, 

steroids, phenols, nucleotides, glycoproteins and 

polysaccharides (16). 

      This study investigated the extracellular synthesis of 

AgNPs from silver nitrate (AgNO3) using various mushrooms 

successfully cultivated on PDA. These specific mushroom 

species have either not been previously used or have been 

rarely utilised for this purpose. Characterisation of the 

synthesised nanoparticles was conducted using UV-vis 

spectrophotometry, FTIR spectroscopy, AFM, SEM and 

(XRD). Additionally, the antimicrobial and antioxidant 

activities of the nanoparticles were evaluated against 

various bacterial and fungal strains.  

 

Materials and Methods 

Materials and reagents  

Mushroom samples were collected from Sulaimani 

Province, Iraq. The bacterial strains, including Escherichia 

coli ATCC25922, Staphylococcus aureus ATCC6538 and 

Pseudomonas aeruginosa ATCC9027  as well as fungal strain  

Candida albicans ATCC10231, were obtained from the 

Biology Department of the College of Science at Sulaimani 

University.  

 The study utilised various reagents and materials,  1X 

Tris-Borate-EDTA (TBE) buffer (OnSite Buffer Pack, China), 

AddPrep genomic DNA extraction kit (ADDBIO, Korea), 

2XPCR Mastermix (HSTM Kit, China), Taq DNA polymerase 

(2.5U/µ) (HSTM Kit, China), 100bp DNA Ladder (GeNet Bio, 

Korea), agarose (Carl ROTH, Germany),  AgNO3 (Merck, 

Germany),  Potatoes dextrose agar (Himedia, India), potato 

dextrose broth (PDB, Himedia, India), Muller-Hinton agar 

(Mastgrp, UK), Muller-Hinton broth (Mastgrp, UK), 2,2-

diphenylpicrylhydrazyl (DPPH) (Sigma-Aldrich, USA), 

ascorbic acid (Sigma-Aldrich, USA) were used.  

 The following instruments were employed in this 

study, including  a Thermo Cycler (TECHNE, USA), gel 

electrophoresis instrument (Constort E863, Belgium), a gel 

document system (BIO-RAD, USA), a shaker incubator 

(Bibby Scientific, UK), UV-visible spectrometer (Cary 60; 

Agilent, USA), an atomic force microscope (NT-MDT, Ntegra, 

Russia), a scanning electron microscope (SEM; Quanta 450, 

Thermo Fisher Scientific, USA), an FTIR spectrometer 

(Spectrum Two N, PerkinElmer, USA), an X-ray 

diffractometer (PAN Analytical, Netherlands) and Whatman 

No.1 filter paper (Ltd. Maidstone, England).  

Sample collection and molecular identification of mushrooms  

Wild mushrooms were collected from various regions within the 

Sulaimani Province of Iraq. Samples were harvested from 

various locations and different substrates. The samples were 

cultured on PDA and the cultivated mushrooms were identified 

through the amplification of the internal transcribed spacer (ITS) 

region of their ribosomal DNA (rDNA) using a primer set 

consisting of ITS1 (5´TCCGTAGGTGAACCTGCGG-3´) and ITS4 

(5´TCCTCCGCTTATTGATATGC-3´) (17).  

 PCR reaction was performed for 35 cycles using a 

thermocycler (18). The Sanger method was employed for 

DNA sequencing with a 3500xl genetic analyser (Applied 

Biosystems). Nucleotide sequences were analysed utilising 

the Basic Local Alignment Search Tool (BLAST) and the 

database provided by the National Centre for Biotechnology 

Information (NCBI), http://www.ncbi.nlm.nih.gov/BLAST. 

Mushroom cultivation and biomass preparation  

Pure cultures of the isolated mushrooms were obtained 

using tissue culture techniques. Tissue samples were taken 

from the junction of the pileus and stem, ensuring they were 

uncontaminated. Subsequently, these samples were then 
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transferred to PDA and incubated at 25°C ± 2°C for 7 days. 

Following incubation, the tissue produced mycelium, which 

spread across the surface of the PDA (19). 

 For biomass preparation, a 0.5 cm disc of actively 

growing mycelium was transferred into a flask containing 

100 mL of PDB and incubated  at 27°C ± 2°C for 10 days in a 

shaker incubator set at 150 rpm (20). The fungal biomass 

was then collected using Whatman filter paper No. 1 and 

thoroughly washed with double distilled water 2–3 times to 

eliminate any remaining medium. A 20 g portion of the wet 

biomass was placed in a flask containing 100 mL of double-

distilled water and incubated at 27°C for 5 days (21). 

Synthesis of AgNPs from mushroom filtrate  

A 5mM aqueous solution of AgNO₃ was prepared to 

synthesise AgNPs. Then, 90 mL of the 5 mM AgNO₃ solution 

was mixed with 10 mL of mushroom extract.  The mixture 

was then incubated for 96 hours at room temperature. The 

formation of AgNPs was indicated by a color change to 

brown. A control flask containing only the AgNO₃ solution, 

without mushroom extract, was incubated under identical 

conditions (22).  

Characterisation of AgNPs 

The synthesis of AgNPs and the reduction of silver ions were 
verified using UV-visible spectroscopy. The samples were 

analysed by measuring the peak absorbance wavelength 

within the range of 250 to 800 nm (23). FTIR spectroscopy 

was used to identify biomolecules and functional groups 

present in the sample. The measurements were conducted 

at a spectral resolution of 4 cm-1 within the range of 450 to 

4000 cm-1 (24). 

 AFM was used to investigate the surface topography 

of the AgNPs. The analysis involved scattering the material 

onto a small glass slide, which was then examined under the 

microscope (25). XRD analysis was conducted to study the 

formation, crystalline properties and quality of the AgNP 

powder. The X-ray diffractometer (PAN analytical X’Pert Pro) 

scanned at a rate of 1°/min across a 2θ range of 20° to 70°, 

utilising Cu-Kα radiation (λ = 1.54 Å). All samples were 

analysed with Highscore software and the diffraction 

patterns were collected within the 2θ range of 20° to 70°. 

The XRD analysis was conducted using an X’Pert Pro 

(PANalytical, Netherlands), equipped with a high-intensity 

Cu-Kα radiation source (λ = 0.154 nm, 40 mA, 40 kV) (26). 

 SEM was used to assess the two-dimensional 

structure and surface morphology of the AgNPs at high 

magnification. SEM functions by directing a beam of 

electrons onto a sample, resulting in the emission of 

secondary or backscattered electrons, which are then 

detected. The morphology and particle distribution were 

examined with a Quanta 450 (27). 

Antimicrobial activity of AgNPs  

The antimicrobial activity of four different AgNPs 

synthesised from C. agaricoides (CaAgNPs), C. trogii 

(CtAgNps), Ganoderma sp. (GsAgNPs) and L. tigrinus 

(LtAgNPs). The mushroom extracts and silver nitrate were 

evaluated against ATCC microorganisms (E. coli ATCC25922, 

P. aeruginosa ATCC9027, S. aureus ATCC6538 and C. albicans 

ATCC10231).  

 The bacterial and the fungal strains were inoculated 

into Mueller-Hinton broth (MHB) and incubated overnight at 

37°C. The cultures were then diluted with fresh MHB media 

to attain an optical density of 0.1 at 600 nm, equivalent to 

10⁸ cells/ mL. For each microorganism, 100 µL of the culture 

was combined with 100 µL of AgNPs, mushroom extract, or 

silver nitrate at varying concentrations. Following, a 15 min 

incubation at 37°C, the mixture was transferred onto 

Mueller-Hinton agar plates. The plates were then 

subsequently incubated overnight at 37°C and microbial 

growth was monitored to assess inhibition (28, 29). 

DPPH (1, 1-diphenyl-2-picrylhydrazyl) antioxidant assays  

The antioxidant efficacy of CaAgNPs, CtAgNPs, GsAgNPs and 

LtAgNPs was evaluated utilising the DPPH (1,1-diphenyl-2-

picrylhydrazyl) free radical scavenging assay. One milliliter 

of each AgNPs, prepared in 10 % DMSO at varying 

concentrations (12.5 µg/mL, 25 µg/mL, 50 µg/mL, 100 µg/mL 

and 200 µg/mL), was combined with a standard solution of 

DPPH and DMSO. Subsequently, 1 mL of 0.3 mM DPPH 

solution was added to the mixture under dark conditions 

and incubated for 30 min. The absorbance was quantified at 

517 nm using a UV-Vis spectrophotometer (UV-1800 

Shimadzu).  

 Ascorbic acid was used as a reference standard at the 
same concentrations (12.5 µg/mL, 25 µg/mL, 50 µg/mL, 100 

µg/mL and 200 µg/mL) (30). The inhibition % was 

determined using the subsequent formula: 

 

 

Statistical analysis  

The data were analysed using the Minitab software and an 

ANOVA test was performed. Tukey's post hoc test and 

Duncan's multiple range test were applied to assess 

significant differences between group variances. A 

significance threshold of p < 0.05 was used to determine 

statistical significance.  

 

Results and Discussion   

The molecular identification of the four isolated mushroom 

species was conducted by sequencing their nucleotide and 

analysing them using the BLAST search tool (NCBI) against 

the comprehensive GenBank nucleotide database. The 

BLAST results indicated that L. tigrinus accession number 

(PP921339.1) was identified with 100 % certainty, 

Ganoderma sp. (PP921328.1) with 99 % certainty, C. trogii 

(PP921338.1) with 100 % certainty and C. agaricoides 

(PP410314). Molecular identification and DNA barcoding 

serve as powerful tools in fungal taxonomy, facilitating the 

precise identification of mushroom species. However, 

accurate identification also necessitates a thorough 

examination of their phenotypic traits, including 

macroscopic attributes of the fruiting body and microscopic 

details of the spores (31). 

       In this study, the selected mushrooms were used to 

% inhibition = 

Abs(Control) − Abs(sample) × 100     

Abs(Control) 

(Eqn. 1) 
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synthesise unique AgNPs, which, to the best of our 

knowledge, have not previously been recorded for this 

purpose. A visible colour changes from light yellow to dark 

brown was observed, indicating the formation of AgNPs. 

The yellowish-brown colour arises due to the excitation of 

surface plasmon vibrations, a phenomenon referred to as 

surface plasmon resonance (SPR) (32). In contrast, the 

control silver nitrate solution, which lacked mushroom 

extract, exhibited no colour change (Fig. 1A). UV-visible 

spectroscopy is widely used for characterising nanoparticle 

formation and properties. In nanoparticles, electron 

oscillations are confined to specific vibrations, which are 

influenced by the particle’s size and shape (33). 

 The UV absorption spectra of the AgNP solution 

revealed a peak in the visible range at 424 nm for CaAgNPs 

and CtAgNPs while GsAgNPs and LtAgNPs exhibited a peak 

at 426 nm, as shown in (Fig. 1B). These findings align with 

previous reports indicating that the characteristic peak for 

AgNP formation occurs within the range of 422-426 nm, with 

estimated nanoparticle sizes between 2 and 40 nm (34).  

         FTIR analysis was performed on the synthesised AgNPs 

to determine the key functional groups or biomolecules on 

their surface that may contribute to their synthesis and 

stabilisation (35). The FTIR spectrum (Fig. 2) displayed 

multiple peaks. The broad peak at 3437 cm-1 is indicative of 

either N-H stretching from amines (found in proteins or 

enzymes) or O-H stretching from hydroxyl groups (found in 

alcohols or water). These functional groups, likely derived 

from biomolecules in the mushroom extracts, are believed 

to stabilise the NPs. Similar findings have been reported in 

previous studies (36). A peak between 2071 and 2081 cm-1 

may suggest the presence of specific biomolecules involved 

in the reduction and capping of the NPs. The observed 

peaks in biosynthesised AgNPs have been attributed to O-H 

stretching at 3428 cm-1, C-O at 2071 cm-1, N-H bending at 

1634 cm-1, C-N at 1067 cm-1 and C-Br at 687 cm-1, as noted in 

earlier research (37). Similar results have been documented 

for three mushroom species, all of which exhibited a peak at 

2079 cm-1, indicating a shared metabolic component 

associated with these fungi (38). 

Fig. 1.  A-Biosynthesis of AgNPs reaction of colour change after exposure to 
AgNO3, B- UV-Visible spectroscopy of AgNPs synthesised from different 
mushroom extract. 

Fig. 2. FTIR of AgNPs synthesized using different mushroom extract. 

https://plantsciencetoday.online
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  A peak observed at 1637 cm-1 is associated with 

either C=C stretching in aromatic compounds or C=O 

stretching vibrations of amide groups typically found in 

proteins, suggesting that these proteins act as capping 

agents for the AgNPs. The FTIR spectra of green synthesised 

AgNPs contain many absorption peaks, with three 

significant peaks identified at 3310, 1637 and 671 cm-1. The 

absorption band observed at 1637 cm-1 is due to carbonyl 

(C=O) groups, as previously reported (39). Peaks between 

689 and 699 cm-1 may correspond to out-of-plane C-H 

deformations or C-H bending vibrations in aromatic rings, 

which suggest the presence of secondary metabolic 

compounds in the mushroom extracts, as demonstrated in 

previous studies (40).  

 An AFM image of the four synthesised AgNPs is shown 

in Fig. 3. The AFM results show a wide range of nanoparticle 

sizes and surface features, each appropriate for a particular 

use. The AgNPs exhibit varying degrees of roughness, ranging 

from extremely smooth to low and moderate roughness, 

which suggesting a well-organised and consistent 

nanoparticle structure. A study reported that similar AFM 

results for AgNPs synthesized from Agaricus bisporus 

mushroom (41). AFM facilitates the analysis of nanomaterial 

dimensions and morphologies under physiological 

conditions and enables observing dynamic interactions 

among nanomaterials inside biological settings (42). 

          The X-ray diffraction peak patterns of CaAgNPs, 

CtAgNPs, GsAgNPs and LtAgNPs are illustrated in (Fig. 4). 

The peak patterns confirm the formation of AgNPs 

exhibiting a face-centred cubic (fcc) crystal structure, 

characterised by the (F m -3 m) space group, which is 

consistent with ICSD 98-018-0879. 

 The crystallite sizes of the synthesised AgNPs were 
determined using the Debye-Scherrer equation, as shown 

below (43): 

  

 

 where D is the crystallite size, k is the geometric 

factor, β is the full width at half maximum (FWHM) and θ is 

the Bragg angle. 

 Additional structural parameters, including dislocation 

density, lattice strain, X-ray density and specific surface area, 

were calculated using the following relations (44): 

                                                                                                                                     
   

                                                                                                                                 

                                                                                                                                

 

 

                                                                                                                   

 where d is the dislocation, e is the lattice strain, n is 

the number of atoms occupying a unit cell (for the fcc 

structure, n=4), Mw is the molecular weight of a silver atom, 

NA is Avogadro's number (NA=6.023×1023 mol-1), ρx is the X-

ray density and SSA is the specific surface area. All 

calculated values are presented in Table 1.  

 The XRD patterns exhibit three characteristic peaks 

at (111), (200) and (220), confirming the crystalline nature of 

AgNPs (Fig. 4). These peaks are present in all samples except 

for GsAgNPs, which display only two peaks. Similar XRD 

patterns have been reported for AgNPs synthesized using L. 

squarrosulus, G. lucidum and Pleurotus tuberregium, where 

three characteristic peaks corresponding to the (111), (200) 

and (220) crystallographic planes were observed (39). The 

(111) peaks, identified in all four samples, is associated with 

enhanced antibacterial activity. The close-packed atomic 

layers on the lower surfaces of anisotropically shaped 

AgNPs contribute to an extensive reactive surface area, 

significantly boosting their antibacterial effectiveness (45). 

Other peaks observed in the XRD pattern indicate impurities 

(Eqn. 2) 

(Eqn. 3) 

(Eqn. 4) 

(Eqn. 5) 

(Eqn. 6) 

Fig. 3. Atomic force microscopy of silver nanoparticles synthesised from 
different mushroom extract.  

Fig. 4. X-ray diffraction (XRD) pattern of AgNPs synthesised by mushrooms.  

Samples D (nm) δ (nm-2) ɛ a (nm) (ρx) g/cm3 SSA 

CaAgNPs 28.98 0.001191 0.003732 0.4163 9.932 20.85 

LtAgNPs 27.05 0.001366 0.004006 0.4171 9.875 22.46 

GsAgNPs 31.42 0.001013 0.003455 0.4178 9.824 19.44 

CtAgNPs 25.31 0.001561 0.004268 0.4158 9.964 23.79 

Table 1. Crystallite size (D), dislocation (δ), strain (ɛ), lattice parameter (a), X-ray density (ρx) and surface area (SSA) of silver nanoparticle 
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within the samples. These peaks suggest the presence of 

residual mushroom metabolites on the surface of the NPs, 

which act as capping agents (46). Moreover, the crystallite 

sizes of CtAgNPs, LtAgNPs, CaAgNPs and GsAgNPs were 

calculated to be 25.31, 27.05, 28.98 and 31.42, respectively.  

 SEM was employed to quantify the dimensions of 

diverse AgNPs at the micro- (10-6) and nano- (10-9) scales, as 

well as to analyse their topography and morphology. When 

the sample surface is exposed to a high-energy electron 

beam from the SEM, the emitted backscattered electrons 

elucidate the distinctive properties of the material (47). The 

SEM images of the four synthesised AgNPs revealed 

spherical particles with varying diameters, along with some 

larger particles resulting from aggregation. The observed 

aggregation is likely due to solvent evaporation during 

sample preparation (Fig. 5). Furthermore, impurities are 

present in all four samples, likely resulting from secondary 

metabolites from the mushroom extracts, as confirmed by 

XRD analysis. As the quantity of extract increased, the 

particle size increased with decreasing number of silver 

ions. This trend has been observed in SEM analysis of AgNPs 

synthesised from Hebeloma excedens, where   the resulting 

AgNPs exhibited a spherical structure with a nearly 

homogeneous distribution (48)  

       The antimicrobial activity of AgNPs biosynthesised from 

various mushroom species against a range of 

microorganisms is shown in (Fig. 6A and 6B). The four 

samples exhibited strong antimicrobial effects on the 

selected microorganisms, with activity ranging from a 

means of 6 % to 34 %. According to statical analysis, E. coli 

ATCC25922 exhibited the highest susceptibility (Fig. 6B), 

with no growth at a mean of 6 % for CaAgNPs. Similarly,                                 

P. aeruginosa ATCC9027 showed complete inhibition at 6 % 

LtAgNPs, whereas GsAgNPs displayed inhibitory effects at a 

means of 16 %.  No significant differences were observed 

among the Gram-negative bacteria, except in the case of 

GsAgNPs, where a significant difference was noted (Fig. 6A). 

In contrast, inhibition of the Gram-positive S. aureus 

ATCC6538 was observed at a lower percentage, with a 

means of 18% for LtAgNPs. These findings suggest that 

Gram-negative bacteria are generally more susceptible to 

AgNPs than gram-positive bacteria, with a highly significant 

difference between the two groups, consistent with 

previous reports (23, 49).  

 Similar findings were reported where green-

synthesised silver nanoparticles (AgNPs) displayed notable 

antibacterial activity against both Gram-positive and Gram-

negative bacteria (50). The study showed that Gram-

negative bacteria were more sensitive to AgNPs, exhibiting a 

dose-dependent response. At a concentration of 400 µg/

disk, E. coli demonstrated an inhibition zone of 17.3 ± 0.14 

mm, while Staphylococcus epidermidis displayed a zone of 

13.5 ± 0.49 mm. The substantial peptidoglycan layer in Gram

-positive bacteria functions as a barrier, obstructing the 

entry of the AgNPs into the cell (51). However, another study 

found no conclusive evidence indicating a stronger 

antibacterial effect on Gram-negative bacteria than Gram-

positive bacteria (52).  

Fig. 5. Scanning electron microscopy (SEM) of synthesised AgNPs from different mushroom. 

https://plantsciencetoday.online
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 Regarding fungal inhibition, C. albicans ATCC10231 

was greatly affected by different AgNPs, with statically 

significant differences observed among them. A study 

indicated that the inhibition of microorganisms increases 

with higher AgNP concentrations, significantly affecting S. 

aureus, E. coli, K. pneumoniae and P. aeruginosa (53). 

Several key physicochemical parameters, including 

nanoparticle size, shape, surface charge, concentration and 

colloidal stability  influence the antimicrobial efficacy of 

AgNPs. Additionally, the antimicrobial capabilities of AgNPs 

are due to various mechanisms, including their ability to 

adhere to and penetrate microbial cells, generate ROS and 

free radicals and modulate microbial signal transduction 

pathways (54). The mushroom extracts alone exhibit no 

antimicrobial effect; in contrast, AgNO₃ demonstrated both 

antibacterial and antifungal activity against the selected 

microorganisms, with a low significant difference among 

them, consistent with findings reported (55). 

      The antioxidant activity of AgNPs was evaluated using the 

DPPH free radical assay. DPPH is a stable compound 

capable of being reduced by hydrogen or electron 

acceptance. DPPH free radical assays are widely used to 

evaluate antioxidant activity (56). The four distinct AgNPs 

exhibited significant free radical scavenging capabilities, as 

illustrated in (Fig. 7).  Antioxidant activity increased AgNPs 

with rising concentrations, in alignment with previous 

studies (57, 58). The CaAgNPs exhibited scavenging activity 

like that of ascorbic acid with no significant difference 

between them, reaching a maximum activity of 75 % at a 

concentration of 200 µg/mL in the DPPH assay. CtAgNPs 

exhibited antioxidant activity reaching approximately 63 %, 

but a highly significant difference was observed when 

compared to ascorbic acid. The reducing power of a 

compound serves as a valuable indicator of its potential 

antioxidant activity, as it is linked to its ability to transfer 

electrons.  

 

Fig. 6. A. Antimicrobial activity of AgNPs synthesised by mushrooms, (Note. 
Similar letters mean none significant difference, while different letters mean 
significant difference between them). B. Inhibiting growth of microorganisms 
by increasing % of AgNP. 

Fig. 7. Antioxidant activity of AgNPs synthesised by mushrooms (Note. ns= none significant difference. *indicate significant differences). 
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Conclusion 

The eco-friendly synthesis of AgNPs has attracted 

considerable interest among researchers due to its 

environmental benefits, improved safety, and economic 

efficiency relative to conventional chemical approaches. 

Consequently, AgNPs were synthesised utilising                              

C. agaricoides, C. trogii, Ganoderma sp., and L. tigrinus 

cultivated on PDA media. The biosynthesised AgNPs 

displayed strong antimicrobial capabilities, highlighting 

their potential effectiveness against various pathogens. 

Additionally, they demonstrated considerable antioxidant 

activity, as evidenced by DPPH radical scavenging 

experiments. Notably, C. agaricoides and C. trogii have the 

strongest antioxidant activity.  

 This study's results suggest that AgNPs possess 

significant potential for application in medical devices and 

as antibacterial agents against multidrug-resistant bacteria. 

Furthermore, the two mentioned species serve as valuable 

natural sources of antioxidant compounds, providing a 

viable alternative to synthetic antioxidants for applications 

in industries like cosmetics, medicine and food production.  
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