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ABSTRACT

The aim of this study was to evaluate the antimicrobial properties of silver nanoparticles (AgNPs) synthesized using the metabolites of the fungus Gymnopilus
junonius, grown on stumps of Pino spp. and Eucalipto spp. as substrates. Samples were collected from three locations in the Biobio Region to extract their metabolites
and optimize the biosynthesis of nanoparticles, which were characterized using UV-VIS spectroscopy, TEM, and FTIR. AgNPs derived from pine showed a smaller
average size (10-15 nm) and greater uniformity, whereas those from eucalyptus displayed a broader size range (20-30 nm), highlighting the impact of different
metabolites on the synthesis process. Antimicrobial tests revealed that both AgNPs were effective against gram-positive (Staphylococcus aureus) and gram-negative
bacteria, as well as pathogenic fungi (Candida albicans and C. glabrata). However, AgNPs derived from pine demonstrated greater efficacy, likely due to their
smaller size, which facilitates interaction with microbial membranes. This study highlights the capability of the fungus Gymnopilus junonius as a sustainable biofactory
for producing nanoparticles with antimicrobial properties, emphasizing its potential application in microbial infection treatments and agriculture. Furthermore, this
approach provides an eco-friendly alternative to the use of conventional chemical agents in nanoparticle synthesis.

Keywords: Antimicrobial, Characterization of Nanoparticles, Secondary Metabolites, Silver Nanoparticles.

INTRODUCTION

Nanotechnology, according to the National Human Genome Research Institute
(NIH 2024), is defined as the understanding and manipulation of matter at the
atomic and molecular scale for various industrial purposes. This manipulation at
the nanoscale, ranging from approximately 1 to 100 nanometers, has the potential
to generate innovative applications in a wide range of fields, including genomics,
engineering, computer science, and medicine [1].

The study of different nanoparticle synthesis methods is a key component for
the development of research in nanoscience and nanoengineering. The synthesis
of metallic nanoparticles is of great importance due to their promising
applications, especially regarding their optoelectronic, thermal, and magnetic
properties, as well as their high catalytic capacity [2]. Metallic nanoparticles are
defined as isolated aggregates of metal atoms surrounded by a capsule or
stabilizer that prevents their agglomeration [3]. These particles exhibit unique
physical, chemical, and biological properties. For example, silver nanoparticles
have demonstrated broad antimicrobial activity against a variety of Gram-
negative and Gram-positive bacteria, as well as fungi pathogenic to humans and
plants [4, 5]

Biological synthesis of nanoparticles, particularly using fungi, has emerged as
a method of interest due to its avoidance of toxic chemicals and harsh reaction
conditions, making it a more sustainable and environmentally friendly approach
[1]. Nanoparticle synthesis methods are classified as top-down (physical
methods, milling processes) and bottom-up (chemical methods in colloidal
solution, particle formation processes from a solution). Top-down methods
reduce the aggregation size of the material until reaching a nanometric size with
considerable energy consumption, while bottom-up methods involve obtaining
nanometric-sized particles starting from a molecular dispersion [6].

One of the simplest methods for the preparation of silver nanoparticles is
chemical reduction, where a silver salt is reduced in the presence of a chemical
agent, leading to the formation of zero-valent atoms that act as nucleation centers.
To prevent agglomeration, the addition of a stabilizing agent that is adsorbed
onto the nanoparticle surface is required [7]

Fungi (yeasts and filamentous fungi) can be considered natural "biofactories”
for nanoparticle biosynthesis. They can accumulate metals intracellularly as well
as synthesize them extracellularly through biological and physicochemical
mechanisms. They possess numerous advantages over other organisms for
nanoparticle synthesis, as they are easy to isolate and cultivate, and they secrete
numerous extracellular enzymes and metabolites. In extracellular synthesis,
nanoparticles are easier to obtain, whereas in intracellular synthesis, more
complex methods are necessary to isolate them from the fungal biomass. Due to
their great metabolic versatility, numerous fungal species are employed for the
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synthesis of metallic nanoparticles, belonging to both Ascomycetes and
Basidiomycetes [8].

Myconanotechnology is the production of nanoparticles by fungi and their
subsequent use, mainly in healthcare, environmental, and agricultural products
[9]. Fungi can biosynthesize various extracellular enzymes that hydrolyze
complex macromolecules, yielding a hydrolysate [10].

Numerous fungal species produce mycogenic nanoparticles, and the list of
species reported for NP production is increasing. Some examples include
Neurospora crassa and its potential in molecule detection [11]. In early research
works, the fungus N. crassa was used for the production of silver, gold, and
platinum NPs for various cell and molecular biology studies [12]. Currently,
Lentinus and Ganoderma fungi are being used for the biosynthesis of silver and
copper NPs; work is also being done with species of the fungus Trichoderma as
bioremediators in agricultural crops [13].

Fungi-mediated nanoparticles have effectively inhibited microorganisms
causing human infectious diseases, especially regarding multidrug-resistant
infections against conventional antibacterial treatments [14]. Fungal
nanotechnology examines a variety of metallic nanoparticle synthesis methods,
including processing methods and environmental preservation [15]

Mycofabrication can be described as the synthesis of diverse metallic
nanoparticles through fungal species. Organic nanoparticles produced by fungi
are biological compounds created using fungal metabolites as reducing and
stabilizing agents. These nanoparticles, measuring less than 50 nanometers, are
made of biomolecules such as proteins, polysaccharides, and other natural
compounds present in fungi [16]

Thanks to their small size and unique composition, these nanoparticles possess
special properties, such as the ability to combat microbial agents, act as catalysts,
and have other optical applications [17] It is well known that macrofungi possess
high nutritional, antimicrobial, anticancer, and immunomodulatory properties.
Macrofungi act as ecological biofilms that secrete essential enzymes to reduce
metal ions.

The synthesis mechanisms are still unknown; evidence suggests that fungal
flavones and reductases play an important role [18]. Combining metallic and
organic nanoparticles produced by fungi can be especially effective against
pathogenic fungi. Research has shown that silver and copper nanoparticles
created with non-pathogenic fungi are effective in eliminating microbes and have
low toxicity for human cells [16].

Furthermore, it has been observed that reinforcing polyurethanes with these
metallic nanoparticles improves their capacity to combat fungi such as
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Trichophyton mentagrophytes, which causes tinea pedis [19]. In Candida
albicans, it was determined that silver nanoparticles adhere to the cell wall,
releasing ions that form small NPs, which end up destroying the intracellular
wall, causing fungal death [20]

Fungal infections represent a growing global concern, causing approximately
1.5 million deaths annually [21, 22]. Although healthy individuals are generally
unaffected, those with compromised immune systems, such as patients
undergoing chemotherapy or transplants, are particularly vulnerable [23]. Fungal
species such as Candida, Aspergillus, and Cryptococcus account for more than
90% of fungal infection-related deaths. Despite the availability of antifungal
treatments, these infections present a mortality rate close to 40% [24]. The
emergence of resistant strains, such as Candida auris, has further aggravated the
situation [25].

On the other hand, bacterial resistance is a serious public health problem
impacting both health and the global economy. The rapid emergence of
multidrug-resistant and pan-resistant bacteria poses a challenge to antibiotic
effectiveness. It is projected that by 2050, more deaths will be caused by this
factor than are currently caused by cancer [26].

Antimicrobial resistance refers to the processes exhibited by microorganisms
that render the medications used for their treatment ineffective [27]. Antibiotic-
resistant bacteria, known as ESKAPE [28], represent a threat to public health.
Among Gram-positives, Staphylococcus aureus and Enterococcus spp [29].
stand out, while among Gram-negatives, extended-spectrum beta-lactamase-
producing bacteria, such as Pseudomonas aeruginosa, Acinetobacter baumannii,
Enterobacter spp., and Klebsiella pneumoniae, display intriguing complexity in
their resistance mechanisms, complicating their management and treatment.
These challenging bacteria remind us of the urgent need to develop new therapies
and strategies to combat their growing resistance[30, 31]

Recently, there has been growing interest in metal compounds as potential
antifungal agents. These compounds offer advantages over organic ones in terms
of chemical diversity and modes of action. Studies have shown that metal
compounds exhibit superior hit rates in antimicrobial screening, without
necessarily being more toxic than organic compounds [32]. Metal complexes
have the unique ability to trigger a variety of modes of action, including redox
reactions, generation of reactive oxygen species, and catalytic generation of other
active species, as well as ligand exchange or release [33].

Although research on metal compounds as antifungal agents is limited,
promising results have been observed in in vitro studies and in vivo models.
These include cobalt and silver complexes that have shown antifungal activity
without significant toxicity in animal models. Despite the fact that some metals,
such as silver, have long been recognized for their antimicrobial properties,
research on anti-infective metal complexes has been limited until recently [33,
34]

The genus Gymnopilus belongs to the division Basidiomycota, characterized
by distinctive orange fruiting bodies frequently found on Eucaliptus spp. and
Pinus spp. stumps. The species Gymnopilus junonius (Fr.) P.D. Orton is a
poisonous fungus containing muscarine, a substance that can cause
anticholinergic effects and is attributed with hallucinogenic properties [35].
Previous studies have demonstrated that Gymnopilus metabolites possess
significant biological properties, with a minimum inhibitory concentration (MIC)
of 100 pg/mL against fungal and bacterial extracts[36]. For this reason, the
present research seeks the synthesis of metallic nanoparticles using metabolites
of the fungus Gymnopilus sp. to explore its potential application as an antifungal
and antibacterial agent.

Considering the aforementioned, our hypothesis is that silver nanoparticles
synthesized from the fungus Gymnopilus junonius possess high antimicrobial
potential, being effective as antifungal and antibacterial agents against
pathogenic species, including resistant strains, due to the properties of the
fungus's secondary metabolites acting as stabilizers and reducers in their
synthesis.

Therefore, the objectives of this study are to optimize the synthesis of metallic
nanoparticles using fungal metabolites, characterize the obtained silver
nanoparticles using UV-Vis spectrophotometry, TEM electron microscopy, and
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FTIR, and comparatively evaluate the structural differences of nanoparticles
synthesized from specimens collected from pine and eucalyptus substrates.
Finally, to evaluate and compare the antimicrobial activity of both the extracts
and the nanoparticles against pathogenic fungi and bacteria.

EXPERIMENTAL
FUNGAL COLLECTION

Samples of the fungus Gymnopilus junonius were collected in three different
locations of the Biobio Region: Florida, University of Concepcion, and Quillén.
These samples were obtained from Pinus spp. and Eucalyptus spp. trees.
Standard collection tools were used to ensure proper sampling, and samples were
maintained at 4°C until further processing. DNA extraction and sequencing of
the complete fungal ITS region were performed.

EXTRACTION OF FUNGAL METABOLITES

To perform the metabolite extraction, the collected fungi were weighed and
placed in 1000 and 2000 mL flasks. Methanol was used as the solvent to extract
all fungal metabolites, with an extraction period of 3 weeks. Finally, the extract
was concentrated using a rotary evaporator at a temperature of 40-60°C with
agitation at 130-150 rpm.

SYNTHESIS
NANOPARTICLES

AND OPTIMIZATION OF METALLIC

For the synthesis of metallic nanoparticles, 100 mg of G. junonius fungal
metabolites obtained from Pine and Eucalyptus were used, prepared at a
concentration of 2 mg/mL. For dissolution, 20 mg of extract were dissolved in
10 mL of distilled water in 15 mL Falcon tubes. Subsequently, the pH of each
sample (pine and eucalyptus) was adjusted to 11 by adding sodium hydroxide
(NaOH). Next, different concentrations of AGNO3 [0.5, 1, 3, 5, and 10 mM] were
added to reach a total volume of 15 mL, in order to determine the optimal reagent
concentration. The reduction of compounds to silver oxide was monitored by the
color change from colorless to ruby red. Finally, having determined the optimal
AgNO; concentration, nanoparticle production was evaluated at time intervals of
1, 3,5, 9, 24, and 48 hours using UV-VIS spectrophotometry.

UV-VIS SPECTROPHOTOMETRY

To evaluate the absorption spectrum of the nanoparticles, a scan was
performed in the UV-visible range (200-700 nm) using a Shimadzu UV-VIS
spectrophotometer to determine maximum absorbance. Silver nanoparticles
show maximum absorbance between 400-420 nm. Additionally, the absorbance
of secondary metabolites and pigments of Gymnopilus junonius obtained from
both substrates was measured to characterize their secondary compounds.

CHARACTERIZATION OF NANOPARTICLES

For the characterization of silver nanoparticles, 20 mg of Pine and Eucalyptus
samples were dried. The shape, size, and surfaces of the synthesized
nanoparticles were analyzed by Transmission Electron Microscopy (TEM) using
a JEOL JSM-1200EX-II equipment, equipped with electron diffraction pattern
capability. The nanoparticles were sonicated for 10 minutes and subsequently
loaded onto a copper grid support. The support was placed under an infrared lamp
for 15 minutes until the nanoparticles were completely dry. The obtained images
and data were recorded and stored for subsequent analysis. To measure the size,
shape, and surface of the nanoparticles, ImageJ software was used, allowing the
creation of a histogram to compare the diameter intervals (nm) of the
nanoparticle distribution. To determine the functional groups of the metabolites
and their role in nanoparticle formation, both pigments and nanoparticles were
subjected to FTIR analysis [37], both were prepared and analyzed using
PerkinElmer equipment, with a scanning range of 400-4000 cm* according to
established manual methodologies.

EVALUATION OF ANTIMICROBIAL ACTIVITY

To evaluate antimicrobial activity, plate tests were performed using the
following bacterial species: Escherichia coli, Staphylococcus aureus, and
Bacillus subtilis. Additionally, pathogenic fungi of the species Candida albicans
and Candida glabrata were included. To determine the Minimum Inhibitory
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Concentration (MIC) and Minimum Bactericidal Concentration (MBC), tests
were performed using the same strains. This was carried out following the
methodology of Bernal R. and Guzméan U. (1984) [38], with modifications,
focusing on bacterial sensitivity in a qualitative manner.

DATA ANALYSIS

Data obtained from antimicrobial and antifungal assays were evaluated by
analysis of variance (ANOVA) with a significance level of 0.05 to determine if
there were differences between treatments at different concentrations.

RESULTS AND DISCUSSION
Genetic identification of the fungus

The sequencing results of the complete ITS region of Gymnopilus junonius
were successful, yielding a total length of 546 base pairs. The sequence identity
was confirmed by comparison with public databases, showing 93% similarity
with other sequences of the same species previously deposited in GenBank. The
sequence has been registered in GenBank under accession number PQ820967.

Genbank Nombre especie Identidad N° N°
muestra Blast (%) Genbank Bases
SUB14982252 | Gymnopilus junonius 93 PQ820967.1 | 546

Optimization of nanoparticle synthesis

The optimal concentration for nanoparticle formation was reached with 3 mM
AgNO; for both substrates. In the case of Pine (Figure 1), the optimal
concentration was reached at a wavelength near 470 nm with an absorbance of
1.557. For silver nanoparticles derived from the Eucalyptus substrate (Figure 2),
the optimal concentration was reached at a wavelength near 450 nm with an
absorbance of 1.676.

Optimal concentration Nps AgNO; Pino
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Figure 1: Optimum concentrations of silver nanoparticles synthesised by G,
junonius from pine at different AQNO3 mM as a function of absorbance and
wavelength.
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Figure 2: Optimum concentrations of silver nanoparticles synthesised by G,

junonius from eucalyptos at different AQNO3 mM as a function of absorbance
and wavelength.

J. Chil. Chem. Soc., 71, N°1 (2026)

The biosynthesis experiment was carried out to determine and monitor the time
required for formation, stability, and adequate reduction. Using the optimal
precursor concentration (3 mM), the process was monitored for 24 hours. Figure
3 and Figure 4 show the UV-Vis spectra evolution for Eucalyptus and Pine
extracts, respectively. For the Eucalyptus extract (Figure 3), an initial absorbance
peak was observed at hour 1. At hour 3, absorbance increased significantly,
reaching a maximum around 420 nm characteristic of silver nanoparticles
(AgNPs) followed by a maximum absorbance at 9 hours. By 24 hours, a decrease
was observed, possibly reflecting process stabilization or aggregation. In
contrast, the Pine extract (Figure 4) reached its maximum absorbance around 420
nm at hour 3, suggesting this was the point of highest NP formation. In
subsequent hours (5 and 9), a progressive decrease was observed, and by 24
hours, absorbance remained stable, indicating a halt in the active formation
process.
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Figure 3: UV-Vis spectrophotometry for the formation of silver nanoparticles
from eucalyptus extract over a 24-hour period.
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Figure 4: UV-Vis spectrophotometry for the formation of silver nanoparticles
from pine extract over a 24-hour period.

Additionally, the absorbance of secondary metabolites and pigments was
measured (Figure 5). The Eucalyptus extract curve showed a significantly higher
absorbance peak in the 300-360 nm range compared to the Pine substrate,
suggesting a higher concentration or intensity of certain pigments or metabolites
in the fungus growing on eucalyptus.
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Figure 5: Absorbance spectra of methanol-extracted pigments from
Gymnopilus junonius on pine and eucalyptus substrates. The blue curve
represents the absorbance of the pigments extracted from the fungus on pine
substrate, while the orange curve represents the absorbance of the pigments
extracted from the fungus on eucalyptus substrate. It is observed that eucalyptus
pigments show a higher absorbance maximum around 370 nm compared to pine
pigments.

Characterization of Nanoparticles (TEM and Size Distribution)

The characterization of silver nanoparticles obtained from the fungal extract
on pine substrate, as observed in Figure 6 using Transmission Electron
Microscopy (TEM), shows that these nanoparticles vary in size, with an average
ranging between 10 and 20 nm. Their predominant shape is spherical or quasi-
spherical, although some particles appear grouped or fused. An aggregation
pattern is observed, likely due to interactions between particles induced by
compounds present in the fungus. Furthermore, the silver nanoparticles exhibit a
more defined aggregation and a more homogeneous size distribution.

The characterization of silver nanoparticles obtained from the fungus on
eucalyptus substrate, observed in Figure 7, shows that these nanoparticles
present variation in size. The predominant shape remains spherical, although
some nanoparticles display more irregular geometries. The distribution is dense,
and some particles appear grouped or agglomerated, suggesting the possible
fusion or aggregation of smaller particles to form larger structures. The image
shows a high particle density, suggesting a high concentration of nanoparticles.

The results of the nanoparticle diameter measurement, shown in Figures 8 and
9, indicate that the majority of nanoparticles derived from pine exhibit an average
diameter in the range of 5 to 15 nm. In contrast, nanoparticles from eucalyptus
display a greater size diversity, with an average in the range of 20 to 30 nm,
representing a larger average size compared to those from pine.

100 nm

Figure 6: Transmission electron micrograph (TEM) of silver nanoparticles
synthesised from Gymnopilus junonius from pine. The image shows
nanoparticles with high density, size variability and predominantly spherical and
irregular shapes.
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Figure 7: Transmission Electron Microscopy (TEM) micrograph of silver
nanoparticles synthesized from Gymnopilus junonius derived from Eucalyptus.
The image shows nanoparticles with high density, variability in size, and
predominantly spherical and irregular shapes.
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Figure 8: Size distribution of silver nanoparticles synthesised from
Gymnopilus junonius on pine substrate. The histogram shows the frequency of
nanoparticle diameters, predominantly those between 5 and 15 nm in size. This
range suggests a concentrated distribution in small sizes, with a progressive
decrease of larger particles up to 50 nm.

Diametro nm

-
X

Frecuencia
-
o

Diametro nm

Figure 9: Size distribution of silver nanoparticles synthesised from
Gymnopilus junonius on eucalyptus substrate. The histogram shows the
frequency of nanoparticle diameters, with a wider range of sizes compared to the
pine substrate. Most particles are between 20 and 30 nm in size, although
particles up to 80 nm are observed, suggesting a greater variability in size.
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FTIR Analysis

FTIR analysis was performed to identify the functional groups present in the
nanoparticles and pigments of Gymnopilus junonius for both substrates (pine and
eucalyptus), which could have played a crucial role in the reduction and
stabilization of the silver nanoparticles. The FTIR analysis allowed the
identification of the main absorption bands corresponding to the pigments
present in the G. junonius extract obtained from eucalyptus (Figure 10), the
synthesized silver nanoparticles (Figure 11), and a comparison between both
(Figure 12).

In the spectrum corresponding to the pigments (Figure 10), characteristic
bands are observed at 3269 c¢m™, associated with the stretching of O-H groups
present in alcohols and phenols, indicating a high presence of hydroxylated
compounds. In addition, the band at 2906 cm™ is attributed to the C-H stretching
of aliphatic bonds, while the bands in the 1600-1400 cm™ region are related to
C=C vibrations of aromatic compounds and carboxylic groups. Finally, signals
in the 1000-500 cm™ region correspond to C-O and out of-plane C-H bonds,
characteristic of phenolic compounds.

In the silver nanoparticle spectrum (see Figure 11), changes were evident
compared to the initial extract spectrum. The bands corresponding to O-H
(3569cm™) and C-H (2906%) groups show a decrease in intensity, suggesting
their participation in silver ion reduction and nanoparticle formation. Likewise,
shifts in the 1600-1400cm™ bands, associated with aromatic and carboxylic
vibrations, reinforce the stabilizing role of these functional groups in the
nanoparticles [39]

Upon superimposing the extract and nanoparticle spectra (Figure 12), a
reduction in the overall band intensity is observed, particularly in regions
corresponding to O-H, C-H, and C-O functional groups. This confirms that
phenolic, carboxylic, and aromatic compounds present in the Gymnopilus
junonius extract participated as reducing and stabilizing agents during silver
nanoparticle synthesis.
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Figure 10: FTIR spectrum of the pigment extract from G. junonius obtained
from the eucalyptus tree, showing the main absorption bands associated with
functional groups.
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Figure 11: FTIR spectrum of the silver nanoparticles synthesized through G.
junonius derived from the eucalyptus tree, showing the main absorption bands
associated with functional groups.
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Figure 12: Comparison of FTIR spectra of Gymnopilus junonius extract and
silver nanoparticles.

The FTIR analysis of pigments obtained from Gymnopilus junonius grown on
pine substrate (Figure 13) revealed several characteristic bands assigned to
functional groups. The bands at 3295.75 cm™ and 2910.54 cm™ can be attributed
to O-H and C-H stretching, respectively, associated with phenolic and aliphatic
compounds present in the pigments. Additionally, significant peaks were
observed at 1567.84 cm™, 1374.51 cm?, and 986.89 cm™?, corresponding to C=0
(carbonyls), C-H bending, and C-O groups, indicating the presence of secondary
metabolites such as flavonoids, organic acids, and aromatic compounds.

The FTIR spectrum of the synthesized silver nanoparticles (Figure 14) showed
a slight variation in the intensity and position of certain bands compared to the
original pigments. For example, the peak at 3295.75 cm™ in the pigments shifted
to 3375.78 cm™, which could be attributed to an interaction between the O-H
groups and the surface of the nanoparticles. This change suggests that phenolic
compounds are involved in stabilization and reduction during nanoparticle
synthesis. Likewise, the bands at 2912.70 cm™ and 1569.77 cm™ also show
evidence of possible interaction between the metabolites and the nanoparticles.

In Figure 15, which combines both spectra, a significant overlap can be
observed between the pigment and nanoparticle bands, confirming that the
metabolites present in the pigments of Gymnopilus junonius extracted from the
pine tree actively participated in the reduction and stabilization process of the
silver nanoparticles.
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Figure 13: FTIR spectrum of the pigment extract from G. junonius obtained
from the pine tree, showing the main absorption bands associated with functional
groups.
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Figure 14: FTIR spectrum of the silver nanoparticles synthesized through G.
junonius derived from the pine tree, showing the main absorption bands
associated with functional groups.
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Figure 15: Comparison of FTIR spectra of Gymnopilus junonius extract and
silver nanoparticles.

Tables 1 and 2 provide information on the peaks found in the FTIR analysis of
the eucalyptus extract along with their respective functional groups, while Tables
3 and 4 provide the corresponding information for the pine extract.

Grupo funcional Frecuencia experimental Frecuenciatablas Tipo de
identificado (em™) (cm™) vibracién
O-H 3309,5 3500-3200" estiramiento
C-H 2914,2 3000-2850" tension
C=C 1575,3 1600-1475" estiramiento
C-H 1372,8 1450-1375" -CHs flexion
Cc-0-C 985,2 1300-1000? flexion
C-H 801,8 900-609" fuera del plano

Nota: Frecuencias obtenidas de Rubinson K y Rubinson J (2000)"; Pretsh, Buhimann y Badertscher (20097

Table 1: Peaks obtained by FTIR analysis and functional groups corresponding
to the silver nanoparticles of Gymnopilus junonius derived from the eucalyptus
tree.

Grupo funcional

Frecuencia experimental Frecuencia tablas Tipode

identificado (ecm™) (ecm™) vibracion

O-H 3268,7 3500-3200' estiramiento

C-H 2906,7 3000-2850" tensién

c=C 1575,6 1600-1475" aromaticos

C-H 1398,6 1450-1375" -CHs flexion

C-0-C 989,1 1300-1000% flexion

C-H 802,2 900-609' fuera del plano

Nota: Frecuencias obtenidas de Rubinson K y Rubinson J (2000); Pretsh, Buhimann y Badertscher (2009)2
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Table 2: Peaks obtained by FTIR analysis and functional groups corresponding
to the pigments of Gymnopilus junonius derived from the eucalyptus tree.

Grupo funcional Frecuencia experimental ~ Frecuencia tablas  Tipo de

identificado (em™) (cm™) vibracion
O-H 3295,7 3500-3200' estiramiento
C-H 2910,5 3000-2850" estiramiento
C=C 1567,8 1600-1475" aromaticos
C-H 1374,5 1450-1375' -CHs flexion
C-0-C 986,9 1300-1000* flexion

Nota: Frecuencias obtenidas de Rubinson K y Rubinson J (2000)"; Pretsh, Buhimann y Badertscher (20097

Table 3: Peaks obtained by FTIR analysis and corresponding functional groups
for the silver nanoparticles of Gymnopilus junonius derived from the pine tree.

Grupo funcional Frecuencia experimental Frecuencia tablas Tipo de

identificado (cm) (cm™) vibracion
O-H 3375,8 3500-3200" estiramiento
C-H 2912,7 3000-2850" estiramiento
c=C 1569,7 1600-1475" estiramiento
C-H 1374,9 1450-1375' -CHs flexién
Cc-0 1176,1 12600-1000° estiramiento
C-0-C 934,1 1300-1000% flexion

Nota: Frecuencias obtenidas de Rubinson K y Rubinson J (2000)'; Pretsh, Buhimann y Badertscher (2009)?

Table 4: Peaks obtained by FTIR analysis and corresponding functional groups
for the pigments of Gymnopilus junonius derived from the pine tree.

Antimicrobial Activity

The antimicrobial activity of silver nanoparticles synthesized from G. junonius
extracts was evaluated against Gram-positive and Gram-negative bacteria
(Escherichia coli, Staphylococcus aureus, and Bacillus subtilis) and pathogenic
fungi (Candida albicans and Candida glabrata), as shown in Table 5.

Measurements were performed at different nanoparticle concentrations. The
results indicate higher effectiveness in bacterial inhibition with pine
nanoparticles, observing an inhibition zone of 4 mm at 66 pg/mL and 6 mm at
131 pg/mL. In the case of eucalyptus, an inhibition zone of 2 mm at 66 pg/mL
and 4 mm at 131 pg/mL was observed, suggesting lower effectiveness compared
to pine. This result is consistent with nanoparticle sizes, since, having a smaller
size, they are able to penetrate microbial cells and affect basal metabolic
processes [40]

Furthermore, Minimum Inhibitory Concentrations (MIC) and Bactericidal
Concentrations (MBC) were evaluated for nanoparticles synthesized from pine
and eucalyptus extracts, as shown in Table 6. The results obtained show that S.
aureus is the most sensitive strain to silver nanoparticles (AgNPs), with a MIC
of 20 pg/mL in both conditions (Eucalyptus (GJE) and Pine (GJP)). However,
the Minimum Bactericidal Concentration (MBC) is slightly lower in G. junonius
from the pine tree (GJP) with a concentration of 100 pg/mL compared to the G.
junonius substrate belonging to the eucalyptus tree (GJE) with a concentration of
120 pg/mL. Regarding E. coli, a MIC of 30 pg/mL was observed in both
substrates (GJE and GJP), with an MBC of 120 pg/mL in both cases, indicating
partial resistance of the bacteria, since a higher concentration is needed to
eradicate it. Finally, B. subtilis showed the highest resistance, with a MIC of 60
pg/mL in GJE and 50 pg/mL in GJP, and an MBC of 120 pg/mL in both
substrates, suggesting that this bacterium is more difficult to eliminate
completely.

In the case of pathogenic fungi (see Table 6), the results obtained show that
both Candida albicans and Candida glabrata are equally sensitive to silver
nanoparticles (AgNPs) under both conditions (GJE and GJP). In both substrates,
C. albicans presented a MIC of 10.2 pg/mL, with an MBC of 20.5 pg/mL in GJE
and 20 pg/mL in GJP, indicating a slight difference in the concentration needed
to eradicate the infection in the two types of substrates. On the other hand, C.
glabrata showed a MIC of 10.2 pg/mL and an identical MBC of 10.2 pg/mL in
both conditions, suggesting that this strain is completely susceptible to AgNPs at
both concentrations.
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Although the strains presented similar values, with some differences in MIC
and MBC concentrations, an ANOVA statistical analysis was performed to
determine if there were significant differences between both substrates (GJP and
GJE), using a p-value of 0.05. According to the analysis, if p < 0.05, the
differences between the GJP and GJE groups would be statistically significant.
However, in both analyses (MIC and MBC), the p-value was greater than 0.05,
with a p-value of 0.87 for the MIC analysis and a p-value of 0.91 for the MBC
analysis, indicating that there were no significant differences between
nanoparticles produced with metabolites of the fungus G. junonius from pine and
eucalyptus substrates. Therefore, the effect of MIC and MBC concentrations
against bacteria and fungi was similar in both substrates

GP1 Concentracion de AgNPs (ug/ml)

Cepas 131 66 33 16 8 4
E.coli 6 mm 4 mm 0 mm 0mm 0 mm 0 mm
S.aerus 4 mm 2mm 0mm 0mm 0mm 0 mm
B.subtilis 4 mm 2 mm 0mm 0mm 0mm 0 mm
C.albicans 0mm 0mm 0mm 0mm 0mm 0 mm
C.grablata 0mm 0mm 0mm 0mm 0mm 0 mm

GE1 Concentracion de AgNPs (ug/ml)

Cepas 131 66 33 16 8 4
E.coli 4mm 2mm 0mm 0mm 0 mm 0mm
S.aerus 4 mm 0mm 0 mm 0mm 0 mm 0 mm
B.subtilis 3mm 1,5 mm 0 mm 0mm 0mm 0 mm
C.albicans 0mm 0mm 0mm 0mm 0 mm 0mm
C.grablata 0mm 0mm 0mm 0mm 0mm 0 mm

Table 5: Evaluation of the antimicrobial activity of silver nanoparticles
synthesized from Gymnopilus junonius extracts obtained from pine and
eucalyptus substrates. The table shows the antimicrobial efficacy against
different bacterial and fungal species, including Escherichia coli,
Staphylococcus aureus, Bacillus subtilis, Candida albicans, and Candida
glabrata, at different nanoparticle concentrations.

GJE
Cepas CMI (ug/mL) CMB (ug/mL)
E.coli 30 120
S. aureus 20 120
B. subtilis 60 120
C. albicans 10,2 20,5
C. grablata 10,2 10,2
GJP
Cepas CMI (ug/mL) CMB (ug/mL)
E.coli 30 120
S. aureus 20 100
B. subtilis 50 120
C. albicans 10,2 20
C. grablata 10,2 10,2

Table 6: VValues of the minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) of silver nanoparticles (AgNPs) against the
tested bacterial and fungal strains. The values indicate the lowest concentration
of AgNPs that inhibits growth and the lowest concentration required to eliminate
the microorganism cells, differentiated between the pine (GJP) and eucalyptus
(GJE) substrates.

J. Chil. Chem. Soc., 71, N°1 (2026)

The results obtained in this study demonstrate the potential of silver
nanoparticles (AgNPs) synthesized by metabolites of the fungus Gymnopilus
junonius as antimicrobial agents.

Significant differences were observed in the characterization of nanoparticles
obtained from pine and eucalyptus substrates, suggesting that the environment
and fungal metabolites play a crucial role in nanoparticle morphology and
properties. NPs derived from the pine substrate showed a smaller average size
(10 to 15 nm) and a more homogeneous distribution, whereas eucalyptus
nanoparticles had a broader size range (20 to 30 nm), including some particles
up to 80 nm. This could be related to the different chemical composition of the
secondary metabolites present in the extract of each substrate. Previous research
[37, 39] supports this observation, indicating that the chemical properties of
metabolites can directly influence the physicochemical properties of AgNPs.

On the other hand, UV-VIS and FTIR spectra confirmed the participation of
functional groups such as OH, CH, and CO in nanoparticle reduction and
stabilization. Shifts in FTIR bands suggest specific interactions between
metabolites and AgNPs. In eucalyptus samples, a higher intensity was observed
in bands associated with aromatic and carboxylic functional groups, which could
be related to the formation of larger particles due to a differential stabilizing
effect. In contrast, pine samples showed a more effective reduction in O-H and
C-H band intensity, suggesting a greater participation of these groups in the
reduction process.

The results obtained from antimicrobial tests of Pine-derived AgNPs showed
higher antimicrobial activity, especially against Gram-positive bacteria
(Staphylococcus aureus) and pathogenic fungi (Candida albicans and C.
glabrata). This higher efficacy could be attributed to the smaller average particle
size, which increases the interaction surface area with microbial cell membranes,
affecting organelles and generating reactive oxygen species (ROS) [41, 42, 43].
Eucalyptus-derived nanoparticles, although also effective, showed smaller
inhibition zones, suggesting that larger particles have reduced efficacy in
penetrating microbial cells. This is consistent with previous studies
demonstrating that AgNP size directly influences their antimicrobial action [44]

Although differences between substrates were not statistically significant in
terms of Minimum Inhibitory Concentrations (MIC) and Bactericidal
Concentrations (MBC), the obtained values reflect that both substrates generate
highly effective nanopatrticles.

The use of G. junonius as a biofactory for AgNP production reinforces the
approach towards a more sustainable nanotechnology. This method avoids the
use of toxic chemical agents and allows the utilization of renewable biological
resources with low production costs. Recent studies [14, 18]) highlight the
importance of these strategies to reduce environmental impact and foster
acceptance of nanotechnological applications in different industries. Despite the
progress achieved, some limitations persist that must be addressed in future
research. For instance, it would be important to perform a detailed phytochemical
analysis of Gymnopilus junonius extracts on both substrates to identify which
metabolites are present in each case. This would help correlate chemical
composition with the observed differences in nanoparticle size, shape, and
antimicrobial activity. The results of this study not only confirm the antimicrobial
efficacy of AgNPs but also open new opportunities for their application in
treating resistant infections, and project new applications such as disease
prevention and control in agriculture.

CONCLUSION

In this work, the viability of using metabolites of the fungus Gymnopilus
junonius for the synthesis of silver nanoparticles with antimicrobial activity was
demonstrated.

The synthesized nanoparticles, optimized in their metal concentration and
synthesis time, presented unique characteristics depending on the substrate used
(pine or eucalyptus), with significant differences in their size and shape.
Furthermore, antimicrobial tests confirmed their efficacy against a wide range of
microorganisms, including resistant strains.

This study represents an advancement in the development of sustainable
strategies for nanoparticle production and reinforces their potential application

6501



as a product for the prevention and treatment of infections in the medical field.
The obtained results lay the foundation for future research aimed at optimizing
and expanding the use of this technology in other areas such as agriculture.
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