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Summary The objective of this study was to develop Tricholoma fracticum extract-loaded chitosan nanoparticles

(TFNPs) by ionic gelation method and to evaluate their in vitro antioxidant activity. Phenolic and flavonoid

contents in the T. fracticum extract were measured spectrophotometrically and chromatographically. Charac-

terisation of NPs was evaluated by field emission scanning electron microscopy (FE-SEM), transmission elec-

tron microscopy (TEM), ZETA analysis, Fourier-transform infrared spectroscopy (FT-IR), UV–visible
spectroscopy (UV–Vis) and thermogravimetric analysis (TGA). In vitro antioxidant capacity was determined

using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,20-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)

assays. The phenolic and flavonoid contents in the T. fracticum extract were measured as 7.1 � 0.3 mg Gallic

Acid Equivalent/g extract and 5.5 � 0.6 mg Quercetin Equivalent/g extract, respectively. The particle size,

polydispersity index (PDI) and zeta potential of Blank NP1 and TFNP were 265.5 � 15.8 nm, 0.4,

38.7 � 4.0 mV and 333.2 � 16.3 nm, 0.4, 37.0 � 4.1 mV, respectively. The highest antioxidant activity was

observed in TFNP, followed by T. fracticum extract, chitosan and blank NP, respectively. The preserved or

enhanced antioxidant activity observed in the encapsulated T. fracticum extract indicates the potential for

loading similar mushroom extracts onto chitosan and thus preserving their bioactive properties.
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Introduction

Mushrooms, consumed as foodstuffs since ancient times,
are among the remarkable foods with pharmacological
properties (Tel et al., 2012; Altıntas, 2023). Many studies
have reported that edible mushrooms contain amino acids,
fatty acids (mostly unsaturated or polyunsaturated such as
oleic, linoleic and linolenic acids), phenolic and flavonoid
compounds, vitamins such as thiamine, riboflavin, ascor-
bic acid, ergosterol and niacin, sterols and some essential
minerals such as phosphorus and iron (Sánchez, 2010;
Thu et al., 2020; Acar et al., 2021; Alkin et al., 2021;
Bal, 2021; Kumar et al., 2021). Mushrooms containing lec-
tins, polysaccharides, polysaccharide-peptide and
polysaccharide-protein complexes, lanosten-type triterpe-
noids, as well as phenolic and flavonoid compounds
exhibit anticancer, antioxidant, radical scavenging, anti-
bacterial, antifungal and anti-inflammatory properties

(Sánchez, 2010; Tel et al., 2012; Kumar et al., 2021; Altın-
tas, 2023) The fact that edible mushrooms can be obtained
at low cost and are biocompatible makes their use in the
field of health widespread (Yavuz & Gul, 2022).
Tricholoma species, which can be obtained cheaply, pre-

dominantly consist of edible mushroom species (Allı &
Şen, 2016). The pharmacological effects of these mush-
room species have garnered significant interest from
researchers (Tel et al., 2012). Tricholoma fracticum, a
member of the Tricholoma family, is a fungus species that
lives symbiotically with trees, typically found under conif-
erous trees such as pine and fir. It is widespread in temper-
ate regions, mainly in Anatolia, Europe and North
America (Qonitah et al., 2023). Recently, T. fracticum has
attracted scientific attention; however, there is limited
information regarding its bioactive components and phar-
macological properties in the literature. It is an edible
mushroom with a bitter taste profile (Allı & Şen, 2016).
The use of edible mushrooms to enhance health benefits is
becoming increasingly common in the pharmaceutical*Correspondent: E-mail: fadime.canbolat@comu.edu.tr
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field. Nevertheless, mushrooms, containing approximately
90% water and 10% dry matter, have a short shelf life
and start to decompose rapidly (Sánchez, 2010; Kartal
et al., 2022). Overcoming the disadvantages of taste and
stability of edible mushrooms and increasing their poten-
tial efficacy require new approaches. In this context,
researchers are interested in developing nanoparticles
(NPs) in nanotechnology. Numerous bioactive com-
pounds are being formulated into NPs, leveraging the pro-
gress in this field.

The use of chitosan in the development of NPs is
considered as an important and widely accepted
strategy worldwide (Aljebory & Alsalman, 2017;
Morin-Crini et al., 2019; Gao & Wu, 2022). Chitosan,
a natural polysaccharide, is the hydrolysis product of
chitin, is recognised as an effective component in NP
formulations (Sandeep et al., 2013; Acay et al., 2022).
In NP form, chitosan’s high surface area and reactive
functional groups allow for the efficient loading of bio-
active compounds. Additionally, its biological compat-
ibility enables NPs to be safely metabolised by the
human body (Canbolat et al., 2024). Studies have
reported that chitosan can prolong shelf life and stabi-
lise foods by inhibiting degradation through its antimi-
crobial properties (Morin-Crini et al., 2019; Karimirad
et al., 2020; Valizadeh et al., 2021; Gao & Wu, 2022).
Chitosan is thought to positively affect the stabilisa-
tion of mushrooms and shelf life of mushrooms. Stud-
ies by Karimirad et al. (2020) and Valizadeh
et al. (2021) reported that the essential oil-loaded chit-
osan NPs positively effect mushroom shelf life (Kari-
mirad et al., 2020; Valizadeh et al., 2021).

This study aimed to develop chitosan NPs loaded with
mushroom extracts to demonstrate the applicability of
mushrooms in various formulations and to utilise their
bioactive substances. In the study, T. fracticum extract
was loaded onto chitosan using the ionic gelation method
to develop a novel NP. The morphology, size and struc-
tural content of the developed NPs were characterised
using Field emission scanning electron microscopy (FE-
SEM), Transmission electron microscopy (TEM), ZETA
particle size and potential analysis, Fourier-transform
infrared spectroscopy (FT-IR), UV–Visible spectroscopy
(UV–Vis) and thermogravimetric analysis (TGA).
In vitro antioxidant capacity was assessed through 2,2-
diphenyl-1-picrylhydrazyl (DPPH) and 2,20-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) antioxidant
activity analyses.

Materials and methods

Mushroom materials

The fruiting bodies of T. fracticum were collected in
Çanakkale province in 2023, as detailed below. The
samples collected in the field were transported to

Çanakkale Onsekiz Mart University Polymer Labora-
tory (Turkey) on the same day.
Specimen examined: Around the Safiye Hüseyin Elbi

Girls’ Dormitory, under Pinus sp. trees, 40° 0604200 N,
26° 2505500 E, 214 m, 20.12.2023, collector no: Acar
1563. Dr. Ismail Acar from Van Yüzüncü Yıl Univer-
sity retained selected specimens within the fungarium
for preservation as voucher specimens. Fresh mush-
room samples were properly cleaned from all kinds of
dust and contaminants. Then, the mushrooms were
placed on blotting paper and air-dried at room tem-
perature (22 � 2 °C) out of the light.

Chemicals

To prepare the chitosan solution, 5 mg of chitosan
(CAS: 9012-76-4), derived from shrimp shells (medium
molecular weight, ≥75% deacetylated), was purchased
from Sigma Aldrich (Darmstadt, Germany). Sodium
tripolyphosphate (STPP) (CAS: 7758-29-4) was also
obtained from Sigma Aldrich (Darmstadt, Germany).
Additionally, 2,2-Azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS), 1,1-Diphenyl-2-picrylhydrazyl
(DPPH), ascorbic acid, gallic acid (GA) and trolox (6-
hydroxy-2,5,8-tetramethylchroman-2-carboxylic acid),
Folin–Ciocalteu Reagent (2 N), methanol (HPLC
grade), ethanol (HPLC grade), aluminium chloride
(anhydrous, powder, 99.999% trace metals basis),
sodium nitrite (≥99.0%) and sodium carbonate
(≥99.5%) were purchased from Sigma Aldrich (Darm-
stadt, Germany).

Preparation of Tricholoma fracticum extract

The T. fracticum extract in ethanol was obtained using
the method described by Dhamodharan & Miruna-
lini (2013). In summary, T. fracticum was ground into
powder (50 g) and mixed with 500 mL of ethanol
(30 °C) for 24 h at 150 rpm. The resulting extract was fil-
tered through Whatman No. 4 filter paper. Subsequently,
ethanol was removed using an evaporator at 40 °C, and
the remaining residue was dried at room temperature in
the dark. The dried residue (340 mg) was then dissolved
and enriched in ethanol (10 mg mL�1). The extract was
stored at 4 °C for analysis.

Analysis of phenolic and flavonoid compounds in
Tricholoma fracticum extract

Phenolic compound analysis
The phenolic compounds in T. fracticum extract were
determined using the Folin–Ciocalteu reagent. This
determination was equivalent to GA using the method
described by Slinkard & Singleton (1977). 0.2 N Folin–
Ciocalteu reagent was prepared from the originally pur-
chased Folin–Ciocalteu solution of 2.0 N by diluting at
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a volume ratio of 1:10. A 7.5% (w/v) sodium carbonate
solution was prepared by dissolving 7.5 grams of
sodium carbonate in 100 mL of distilled water (Akdeniz
et al., 2021). Then, 50 μL of 1000 μg mL�1 mushroom
extract and GA solutions at five different concentrations
(3.78 μg mL�1, 7.56 μg mL�1, 15.13 μg mL�1, 31.25 μg
mL�1, 62.5 μg mL�1 in methanol) were taken. Subse-
quently, 950 μL of distilled water was added to each
sample. Finally, 250 μL of 0.2 N Folin–Ciocalteu
reagent was mixed into each sample in 2 mL eppendorf
tubes.

After incubation at room temperature for 3 min,
750 μL of 7.5% sodium carbonate solution was added
to complete the reaction, which was then allowed to
mature at room temperature for 2 h. At the end of
this time, following this period, the absorbance values
of the mushroom samples and standards were deter-
mined using a JASCO V-650 spectrophotometer
(JASCO, Japan) at a wavelength of 765 nm. Within
the scope of the study, each sample and standard were
analysed in triplicate, and the mean values were used.
The total phenolic content of the samples was calcu-
lated as mg Gallic Acid Equivalent (GAE)/1 g of
extract (Akdeniz et al., 2021).

Flavonoid analysis
The total flavonoid content in the T. fracticum extract
was determined based on the study conducted by Bar-
ros et al. (2007). Quercetin (QE) was used as the refer-
ence standard. To establish a calibration curve,
various concentrations of QE in ethanol were pre-
pared, resulting final calibration standard concentra-
tions of QE 2.5 μg mL�1, 5 μg mL�1, 10 μg mL�1,
15 μg mL�1 and 20 μg mL�1. From these QE solu-
tions, 100 μL were pipetted and mixed with 640 μL of
distilled water. Subsequently, 30 μL of 5% sodium
nitrite solution was added and vortexed. After 5 min,
30 μL of 10% aluminium chloride solution (in metha-
nol) was added and vortexed again. After incubating
the samples for 1 min, 200 μL of 1.0 M sodium
hydroxide was added. For the analysis of mushroom
extract, 100 μL of the extract was used instead of the
QE reference standard. The samples were then kept in
the dark at room temperature for 40 min. Subse-
quently, the absorbance values of the samples were
determined using a JASCO V-650 spectrophotometer
(JASCO, Japan) at a wavelength of 515 nm. Within
the scope of the study, each sample and standard were
analysed in triplicate, and the mean values were used.
A calibration curve of absorbance against five concen-
trations (2.5 μg mL�1, 5 μg mL�1, 10 μg mL�1,
15 μg mL�1 and 20 μg mL�1) of QE was plotted.
Using this curve, the total flavonoid content in the
mushroom extract was calculated as mg QE equivalent
per gram of extract (Dursun et al., 2024).

Analysis of phenolic compound content using Exactive Plus
Orbitrap Liquid Chromatography-tandem mass spectrome-
try (LC-MS)
In addition to the phenolic compound analysis con-
ducted using the Folin–Ciocalteu reagent on the
T. fracticum extract, the phenolic compound content
was also analysed using the Exactive Plus Orbitrap
Liquid Chromatography tandem mass spectrometry
(LC-MS) device at the Bingöl University Application
and Research Laboratory Center (Bingöl, Turkey).
Merck Purosper® STAR RP-18 end capped Hibar®

HR model UHPLC column (100 mm × 2.1 mm,
3 μm) was used for chromatographic analysis. The col-
umn oven temperature was set at 30 °C. Mobile phase
A consisted of a 0.5% acetic acid solution for the gra-
dient system, and mobile phase B consisted of metha-
nol (Ercan, 2024). The sample injection volume was
20.0 μL, and the flow rate was set at 0.3 mL min�1,
with a total analysis time of 20 min. Mobile phase A
was delivered to the system up to 15.50 min, operating
at a flow rate of 100%. Subsequently, from 15.50 to
16 min, mobile phase B was delivered at a flow rate of
98%. After 16 min, mobile phase A was reinstated at
100% flow rate. The Orbitrap High-Resolution Mass
Spectrometry (HRMS) equipped with a heated electro-
spray ionisation interface was operated in both posi-
tive (Full MS/AIF) and negative (Full MS/AIF)
modes. The ionisation interface had a sheath gas flow
rate of 35; auxiliary gas flow rate of 7; spray voltage
of 3.5 kV; capillary temperature of 350 °C; auxiliary
gas temperature of 350 °C; and S-lens RF level set at
50. MS scanning was performed in the mass range of
60–800 m/z with a resolution of 17 500; ACG target.
A stock standard solution containing 77 phenolic

compound standards at concentrations of 10 ng mL�1,
20 ng mL�1, 40 ng mL�1, 60 ng mL�1, 80 ng mL�1

and 100 ng mL�1 was prepared by diluting the stock
standard solution. 50 mg of mushroom extract was
weighed into a 15 mL falcon tube, then 10 mL of eth-
anol was added. The mixture was dissolved in an
ultrasonic bath for 20 min and then vortexed for
5 min to facilitate dissolution. Subsequently, centrifu-
gation was conducted at 4500 rpm for 15 min. The
supernatant was then filtered through a 0.22 μm pore
size, 25 mm diameter Polytetrafluoroethylene (PTFE)
syringe filter into a 1.5 mL vial designated for subse-
quent injection into the analytical instrument. All pro-
cedures were executed in triplicate to ensure analytical
reproducibility.

Synthesis of blank chitosan nanoparticles (blank NPs)

In our study, chitosan NPs were developed using the
commonly preferred ionic gelation method in the liter-
ature (Bodnar et al., 2005; Zhang et al., 2008; Agarwal
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et al., 2018; Tzeyung et al., 2019; Jardim et al., 2022).
The ionic gelation method relies on the interaction
between positively charged chitosan and negatively
charged cross-linker at room temperature. The most
commonly used cross-linker in studies is STPP (Can-
bolat et al., 2024). When the basic phase containing
STPP (pH 7–9) is added to the acidic phase
containing chitosan (pH 4–6), NP formation occurs
spontaneously due to the intra- and intermolecular
bonds between the positively charged amino groups of
chitosan and the negatively charged phosphorus
groups of STPP (Zhang et al., 2004; Gokce, 2008). It
has been reported in the literature that depending on
the concentration ratios of chitosan and STPP, clear
solutions, cloudy suspensions and aggregates can form.
Zhang et al. (2004) suggested that the smallest NP size
is achievable when the chitosan/STPP ratio is 5-fold
(Zhang et al., 2004). Therefore, this study initially
synthesised two different ratios of chitosan NPs (2-fold
and 5-fold, w/w) to delineate an appropriate concen-
tration range. Comparative characterisation of these
synthesised blank NPs determined the optimal
chitosan/STPP (w/w) ratio, guiding the selection of the
preferred method for synthesising T. fracticum
extract-loaded chitosan NPs (TFNP).

3 mg mL�1 chitosan solution prepared with 1.5%
acetic acid was stirred for 24 h. Then, the pH was
adjusted to 4.5 using 10 N sodium hydroxide. For
ionic gelation, STPP was dissolved in distilled water to
prepare a 1.5 mg mL�1 STPP solution (pH 9.0). Drop-
wise, 12 mL of the 1.5 mg mL�1 STPP solution was
added to the 3 mg mL�1 chitosan solution (pH 4.5)
(Blank NP1; Chitosan/STPP ratio of 2-fold). The solu-
tion was stirred at a low speed for 24 h (Gokce, 2008).

To prepare Blank NP2 (Chitosan/STPP ratio 5-
fold), 0.6 mg mL�1 solution (pH 9.0) of STPP dis-
solved in distilled water was prepared. Subsequently,
12 mL of the 0.6 mg mL�1 STPP solution was added
dropwise to the 3 mg mL�1 chitosan solution (pH 4.5)
(Gokce, 2008). The solution was then stirred at a low
speed for 24 h.

All NPs were centrifuged at 8000 rpm for 40 min,
and the pellets were stored at +4 °C for characterisa-
tion analysis. Wet pellets were used for particle size
and zeta potential analysis, while lyophilised pellets
were used for other characterisation analyses.

Synthesis of Tricholoma fracticum extract-loaded chitosan
nanoparticles (TFNP)

The synthesis of TFNP was conducted based on the
preferred method determined through characterisation
analyses comparing Blank NP1 and Blank NP2 devel-
oped at different ratios. The selected method was
Blank NP1, with a chitosan/STPP (w/w) ratio of 2, as
identified from the characterisation results. Following

the protocol described by Dhamodharan & Miruna-
lini (2013), 12 mL of 1.5 mg mL�1 STPP solution and
3 mg mL�1 T. fracticum ethanol extract were added to
a 3 mg mL�1 chitosan solution (pH 4.5) (Gokce, 2008;
Dhamodharan & Mirunalini, 2013). The solution was
stirred at a low speed for 24 h. Subsequently, the NPs
were centrifuged at 8000 rpm for 40 min, and the pel-
lets were stored at +4 °C for characterisation analysis.
While wet pellets were used specifically for particle size
and zeta potential analysis, lyophilised pellets were
employed for other analyses.

Characterisation analysis of nanoparticles (NPs)

The particle morphology, size and structural composi-
tion of the NPs were assessed through FE-SEM,
TEM, Zeta particle size, the polydispersity index
(PDI), zeta potential analysis, as well as FT-IR, UV–
Vis and TGA for characterisation purposes.
Surface morphologies of the NPs were examined

using FE-SEM (Zeiss Sigma 300 VP, Carl Zeiss, Jena,
Germany) scanning electron microscopy, operating at
an acceleration voltage of 15 kV. Prior to SEM obser-
vation, the particle surfaces were coated with gold–pal-
ladium mixture to make the surface conductive.
The TEM analysis of the NPs was conducted by

JEOL JEM-1400 Plus electron microscope instrument
(JEOL Ltd., Tokyo, Japan) using an electron accelera-
tion voltage of 80 kV. The samples were initially dis-
persed in water and subsequently dripped onto a
carbon-coated copper grid. Following solvent evapora-
tion, TEM analyses were performed.
Particle size distribution was evaluated using the

Malvern Nano ZS 90 Zetasizer (Malvern Panalytical
Ltd, UK) analyser at İzmir Katip Çelebi University
Central Research Laboratories Application and
Research Center (İzmir, Turkey). Particle size was
measured by dynamic light scattering in the range of
1–8000 nm. Additionally, the PDI and zeta potential
of the NPs were determined. Wet NP samples, col-
lected after centrifugation, were dispersed in 5 mL of
deionised water for 2 min prior to their introduction
into the instrument. Up to 100 readings were selected
for the analysis of each sample using the instrument’s
automatic mode. As the measurements were consistent
during the analysis, the instrument performed 20 read-
ings for each sample. Each sample was analysed as 20
readings and was averaged by repeating the analysis
three times.
The infrared spectra of chitosan reference standard,

developed Blank NP1, and TFNP were recorded using
an FT-IR (FT-IR Spectrum One, Perkin Elmer, USA)
spectrometer equipped with a universal attenuated
total reflection (ATR) sampling accessory (4000–
450 cm�1) to examine the functional groups on the
chemical structures. About 3.0 mg of samples were
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used for the analysis. FT-IR spectrum with a resolu-
tion of 4 cm�1 was recorded by averaging four scans.

The UV–Vis absorption spectra of the chitosan ref-
erence standard and NPs covering a wavelength range
from 240 nm to 800 nm were recorded in 1.5% (v/v)
acetic acid using an Analytikjena Specord 210 Plus
spectrophotometer (UK) at ambient temperature. The
measurements were performed employing a quartz
spectrophotometer cell with a path length of 1.0 cm.

The thermal properties of Blank NP1 and TFNP
were investigated using a Perkin Elmer Diamond Ther-
mal Analyser TGA-DTG-DTA (Shelton, Connecticut,
USA) under a nitrogen flow with an adjusted flow rate
of 200 mL min�1. The heating rate employed was
10 °C per minute. Prior to the analysis, the samples
were weighed (10 mg, dry weight) and placed in
ceramic containers.

In vitro antioxidant activity analysis

Determination of antioxidant activity by 2,2-diphenyl-1-
picrylhydrazyl (DPPH) method
Based on the method proposed by Brand-Williams
et al. (1995), the antioxidant activity of the prepared
extracts was evaluated using the DPPH radical scaveng-
ing method (Brand-Williams et al., 1995). Minor modi-
fications were made in this evaluation. A stock solution
of Trolox was prepared by weighing 10.3 mg of 6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
(Trolox) compound with 97% purity. The obtained
Trolox was dissolved in 10 mL of methanol to prepare
a 1000 μg mL�1 primary stock solution. Calibration
standard solutions of Trolox were prepared at different
concentrations (5 μg mL�1 to 100 μg mL�1) by diluting
the primary stock standard solution.

To prepare a 100 mL 10�4 M DPPH solution,
4.1 mg of DPPH with 97% purity was weighed and dis-
solved in methanol. For calibration, 100 μL aliquots of
different concentrations of Trolox calibration standard
solutions were pipetted, and 900 μL of 10�4 M DPPH
solution was added. For the control, 100 μL aliquots of
ethanol solution and all obtained samples in the study
were each taken, and 900 μL of 10�4 M DPPH solution
was added. The mixture was vortexed and then kept in
the dark at room temperature for 30 min. Subsequently,
absorbance values were measured at 517 nm using a
JASCO V-650 spectrophotometer (JASCO, Japan).
DPPH % radical scavenging rates were calculated using
the formula provided in eq. 1.

%Radical Scavenging Activity
¼ Acontrol–Aextract or standardð Þ=Acontrol½ �

�100

(1)

A calibration curve was obtained based on the DPPH
% radical scavenging-concentration relationship. Using

the calibration curve, the total antioxidant capacity
values of the samples were determined in mg Trolox
equivalent (TE)/g extract. The analyses were performed
in triplicate (Dursun et al., 2024).

Determination of antioxidant activity using 2,20-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
The ABTS stock solution was prepared as described by
Re et al. (1999) and allowed to stand in the dark at
room temperature for 12–16 h (Re et al., 1999). Calibra-
tion standards ranging from 5 μg mL�1 to 100 μg mL�1

were prepared in methanol solvent. Each standard was
dispensed into capped test tubes at a volume of 2 mL,
followed by the addition of 100 μL of ABTS working
solution and 900 μL of ABTS assay solution for calibra-
tion. Additionally, all samples obtained in the study
were added to test tubes at a volume of 100 μL, fol-
lowed by the addition of 900 μL of ABTS assay solu-
tion. After 6 min, absorbances were determined at
734 nm. The ABTS % radical scavenging activity was
calculated using the formula in eq. 1. Total antioxidant
capacity values were determined in mg TE/g extract
based on the calibration curve obtained from the ABTS
% radical scavenging-concentration type. Analyses were
performed in triplicate (Dursun et al., 2024).

Statistical analysis

Analyses were performed in triplicate and these results
are reported as mean and standard deviation (SD).
The significance of differences between samples for
zeta and antioxidant activity analysis results were
determined by one-way analysis of variance (ANOVA)
and the post hoc Tukey HSD test using IBM SPSS
Statistics 27 at 0.05 significance level.

Results and discussion

Taxonomic description

Basidiomycota R.T. Moore, Agaricales Underw. Tricholo-
mataceae R. Heim
Tricholoma fracticum (Britzelm.) Kreisel (Fig. 1).
Pileus; 30–100 mm, convex, expanding to nearly flat,

sometimes the disc collapses inwards and the edge lifts
in age, often wavy, becoming decurved, reddish brown,
dark red-brown to orangish brown, faintly to not stri-
ate. Odour; mild or faintly of cucumbers. Taste; bitter,
farinaceous. Stipe; 20–100 × 10–25 mm, more or less
equal, or tapering to the base, surface cream-buff at
the apex, annular zone membranous when young, pru-
inose to slightly fibrillose-striate, whitish near the apex,
sometimes discolouring a little brownish; orangish
brown below. Basidia; 34–42.5 × 6.8–8.1 μm, clavate,
without basal clamp. Spores; 4.6–7.5 × 3.2–5.6 μm,
smooth, subglobose to globose, elliptical, non-amyloid.
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The characterisation analysis results of
nanoparticles (NPs)

Particle size and morphology of nanoparticles (NPs)
This study synthesised NPs using the methods outlined
by Gokce (2008), Dhamodharan & Mirunalini (2013)
and Canbolat et al. (2024) (Gokce, 2008; Dhamod-
haran & Mirunalini, 2013; Canbolat et al., 2024). The
preparation of Blank NPs relied on the ionic gelation
method, involving the interaction between positively
charged chitosan and negatively charged STPP, con-
ducted at room temperature. Initially, the influence of
the mass ratio of chitosan/STPP (w/w) on the forma-
tion and size of Blank NPs was determined using two
different proportional methods. Zhang et al. (2004)
suggested that the smallest NP size could be obtained
with a chitosan/STPP (w/w) ratio of 5 (Zhang
et al., 2004). Hence, in this study, Blank NPs were
synthesised at two different mass ratios (2-fold and 5-
fold). Figure 2 depicts the ZETA particle size, PDI
and ZETA potential value of Blank NP1 (Fig. 2a) and
Blank NP2 (Fig. 2b) developed with two different mass
ratios.

Upon examination of Table 1, it is observed that in
Blank NP1 with a chitosan/STPP (w/w) ratio of 2, the
mean particle size, PDI and zeta potential values are
265.5 � 15.8 nm, 0.4 and 38.7 � 4.0 mV, respectively
(Fig. 2a). In comparison to the particle size, PDI and
zeta potential values of Blank NP2 (chitosan/STPP
ratio of 5) (Fig. 2b), it can be seen that under the same
method conditions, Blank NP1 achieves a smaller par-
ticle size (P < 0.05), lower PDI value and higher zeta
potential value than Blank NP2 (P < 0.05). According
to the results of the zeta analysis, the shape of the
chromatograms, zeta potential and low PDI values of

Blank NP1 indicate stable and homogenous distribu-
tion of the developed Blank NP1 within the solvent.
Analysis of the FE-SEM and TEM results of the

Blank NPs reveals a notable disparity between the two
formulations. Sponge-like voids are observed in
FE-SEM images of NPs (Fig. 3a,b). However, in TEM
images, NPs appear spherical (Fig. 3c,d). Specifically,
in the images of Blank NP1, the delineation of spheri-
cal particle shapes appears more pronounced com-
pared to Blank NP2 (Fig. 3c,d). The Blank NP1,
which closely matched the criteria recommended in the
literature regarding shape and zeta values, was found
to have different proportional levels from the study by
Zhang et al. (2004). The chitosan NPs with less aggre-
gation and greater stability were achieved when the
chitosan/STPP ratio was 2-fold. Therefore, TFNPs
were synthesised using the proportional method of
Blank NP1.
Upon examination of the FE-SEM (Fig. 4a), TEM

(Fig. 4b) images and ZETA values of TFNPs
(Fig. 4c), it was found that the particle size increased
to 333.2 � 16.3 nm, and the zeta potential value was
close to that of Blank NP1 (Table 1). Loading of
mushroom extract led to an increase in particle size
and closer proximity of particles observed in TEM
images (Fig. 4b).
The biochemical impact of scaffolds played a crucial

role in their practicality, demanding close attention to
particle surface characteristics and particle size distri-
bution (Jafarimanesh et al., 2023). Zeta potential mea-
surements were employed to assess the stability of the
synthesised NPs, with higher magnitude potentials
indicating increased electrostatic repulsion and, conse-
quently, heightened stability. Generally, particles with
zeta potentials falling within the 0–5 mV range tend to

Figure 1 Tricholoma fracticum (a) Basidio-

carps, (b) Basidia, (c) Basidiospores. Scale

bar: 10 μm. Photo and microcharacters

drawing by İsmail Acar.
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aggregate or cluster, those within the 5–20 mV range
exhibit stability, and those surpassing 20 mV are con-
sidered highly stable (Ates, 2018). Zeta potential mea-
surement also confirms NP surface load performance
as positive, negative or neutral (Acay et al., 2020).
Fig. 4c illustrates the zeta potential and particle size
distribution of TFNPs measured via ZETA analysis.
The intensity profile of particle size distribution, PDI
and zeta potential values of TFNPs are depicted in
Fig. 4c. The particle size of the obtained particles was
approximately 333.2 nm. Negatively charged groups
contribute to a decrease in zeta potential, while posi-
tively charged groups lead to an increase in zeta poten-
tial value (Acay et al., 2020). As illustrated in Fig. 4c,

the zeta potential value exhibited a notably positive
value (37.0 mV). This positive value in the zeta poten-
tial may be attributed to positively charged functional
groups within the TFNPs. In our study, all synthesised
NPs had high zeta potential and stability. Polydis-
persed systems tend to aggregate more than monodis-
perse systems, with PDI as an aggregation indicator in
particles. A high PDI value indicates greater polydis-
persity in nanosystems, while a low PDI value repre-
sents a more uniform, monodisperse system (Acay
et al., 2020). The proximity of the PDI values of all
developed NPs to zero in our study suggests a homo-
geneous NP distribution, indicating similar sizes for
each NP with narrow distributions. Furthermore, the
sharpness of the zeta potential peak in Fig. 4c provides
insights into the homogeneity of the structure (Canbo-
lat et al., 2024). In the study conducted by Acay
et al. (2020), Pleurotus eryngii extract-loaded chitosan
NPs were synthesised using the ionic gelation method.
The particle size, zeta potential and PDI value of the
developed mushroom-loaded chitosan NPs were
reported as 330.1 nm, 8.1 mV and 0.6, respectively, in
the study (Acay et al., 2020). In our study, while the
particle size of TFNPs was similar to those reported
by Acay et al., the zeta potential values of our NPs
were higher, indicating enhanced stability. Addition-
ally, the low PDI values of the synthesised NPs in our
study are important in terms of the applicability and
usability of the method. When examining the zeta
analysis results, the chromatograms’ sharpness and the

Figure 2 Zeta particle size and zeta potential analysis results of Blank NPs. (a) Blank NP1 (b) Blank NP2.

Table 1 Zeta analysis results of nanoparticles

Sample

Chitosan/STPP

(w/w)

Particle Size

(nm) PDI

Potential

(mV)

Blank NP1 2 265.5 � 15.8a 0.4 38.7 � 4.0a

Blank NP2 5 311.1 � 14.4a 0.5 37.6 � 4.4b

TFNP 2 333.2 � 16.3a 0.4 37.0 � 4.1b

Particle size and potential means of samples followed by different let-

ters in a column are significantly different (P < 0.05).

Blank NP1, Blank chitosan nanoparticle (Chitosan/STPP ratio of 2-fold);

Blank NP2, Blank chitosan nanoparticle (Chitosan/STPP ratio of 5-fold);

PDI, polydispersity index; TFNP, Tricholoma fracticum Extract-Loaded

Chitosan Nanoparticles.
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potential values indicate a stable and homogeneous
distribution of the developed NPs within the solution.
All obtained results suggest that drugs were homoge-
neously loaded into NPs, with uniform distribution,
potentially enhancing drug transport efficiency and
contributing to the improved bioavailability of bioac-
tive molecules.

Structural analyses of nanoparticles (NPs)
Fourier-transform infrared spectra of chitosan, Blank
NP1 and TFNP are given in Fig. 5a. According to the

FT-IR spectrum of the chitosan stretching peak at
3281 cm�1 was attributed to a band of O–H can be
seen overlapping with N–H peak. The spectral bands
of chitosan at 2925 cm�1 and 2852 cm�1 represent ali-
phatic C–H stretching vibrations. Three types of amide
groups of chitosan, which were seen at 1642 cm�1,
1544 cm�1 and 1378 cm�1, correspond to amide
C = O stretching (amide I), N–H bending (amide II)
and C–N stretching (amide III), respectively. Addition-
ally, the peak at 1070 cm�1 represents C–O stretching
vibration (Rahman et al., 2019).

Figure 3 Field emission scanning electron microscopy (FE-SEM) and Transmission electron microscopy (TEM) analysis results of Blank NPs.

(a) FE-SEM results of Blank NP1, (b) FE-SEM results of Blank NP2, (c) TEM results of Blank NP1, (d) TEM results of Blank NP2.
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The FT-IR spectrum of Blank NP1 consists of a
broad absorption peak at 3323 cm�1 due to OH
groups. The broad OH peak is due to the intermolecu-
lar hydrogen bonds formed between the polyphenolic
compounds and β-glucan or intramolecular hydrogen
bonds within these molecules. Since polysaccharides
are one of the major components of fungi, the peaks
at 971 cm�1 and 837 cm�1 indicate the presence of
β-glucan in the structure. The peaks of the polypheno-
lic compounds’ C–O–C glycosidic linkages of β-glucan
and primary alcohols groups (C–O–H) were seen at
1081 and 1056 cm�1, respectively. Additionally, the
CH2 bending vibrations peaks of β-glucan and poly-
phenolic compounds were observed at 1460 and
1409 cm1. Strong CH aliphatic stretching peaks (2922
and 2855 cm�1) and C–H deformation peaks (in the
range of 913–725 cm�1) of β-glucan were observed
(Koc et al., 2020).

According to the FT-IR spectrum of TFNP, the C–
H aliphatic stretching vibration peaks are observed at
2925 and 2849 cm�1. The amide II band of chitosan
(1541 cm�1) was observed overlapping with the C=C
stretching peak of polyphenolic compounds. The peaks

of C–O–C glycosidic linkages and C–O–H groups were
broadened of the β-glucan and polyphenolic com-
pounds (Koc et al., 2020).
Figure 5b shows the UV–Vis spectra of chitosan,

Blank NP1 and TFNP in the 240–800 nm wavelength
range. The recorded UV–Vis spectrum of pure chito-
san revealed two maximum absorption peaks (λmax) at
255 nm and 286 nm, corresponding to the π→π* tran-
sition of chitosan (Thamilarasan et al., 2018). UV–visi-
ble spectrum scanning of the synthesised blank NP1
revealed two prominent peaks (λmax) at 328 nm and
392 nm, associated with n→π* transitions of –P=O–
and –OH functional groups present in STPP, an essen-
tial component used in the formation of chitosan NPs.
Due to the inclusion of phenolic and flavonoid com-
pounds within TFNP, distinct peaks were detected at
272, 284, 296 and 312 nm, indicative of the π→π* and
n→π* transitions occurring within the system.
The weight loss behaviour and maximum weight loss

temperature of Blank NP1 and TFNP were determined
over a temperature range from 20 °C to 1000 °C, as
depicted in Fig. 6. Up to a temperature of 150 °C,
both blank NP1 and TFNP displayed weight losses of

Figure 4 Zeta, field emission scanning electron microscopy (FE-SEM) and transmission electron microscopy (TEM) results of T. fracticum

Extract-Loaded Chitosan Nanoparticles (TFNPs). (a) SEM, (b) TEM, (c) Zeta particle size and potential.
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13.60% and 12.70%, respectively, which can be
ascribed to the evaporation of water and solvents, such
as acetic acid and water, inherent in the samples. As
observed in the thermogravimetric curves (Fig. 6a),
Blank NP1 and TFNP degradation initiated at (Ton)
218 °C and 223 °C, respectively. Blank NP1 under-
went a two-step degradation process. The decomposi-
tion temperature at maximum weight loss rate (Tmax)
values for Blank NP1 were 244 °C and 957 °C
(Fig. 6b), signifying the degradation of chitosan result-
ing from the decomposition of amide groups and the
main C–O–C chain, respectively (Kumar et al., 2023).
The weight loss observed in the temperature range
from 150 °C to 464 °C was found to be 41.68%. A
subsequent weight loss from 464 °C to 1000 °C was
calculated to be 33.08%. Regarding the TFNPs, the
Tmax values were 246 °C, 357 °C and 900 °C, associ-
ated with a three-step degradation (Fig. 6b). The first
degradation step took place between 150 °C and

312 °C with a mass loss of 32.08% of TFNP. The
second thermal degradation, occurring within the
temperature range of 312 °C to 464 °C with a maxi-
mum peak at 357 °C, was observed for chitosan-
T. fracticum extract, attributable to the degradation of
the T. fracticum extract component (Koc et al., 2020).
As the temperature increased to 1000 °C, the weight
loss of 22.77% was due to the degradation of chitosan
and the main chain within TFNP.
At 1000 °C, Blank NP1 exhibited a residual amount

of 25.24%. The remaining residue in TFNP was pri-
marily attributed to the gradual carbonisation of phe-
nolic and flavonoid content within the nanoparticles,
resulting in an increased residual amount of 27.65%.
Notably, the presence of phenolic and flavonoid con-
tent in TFNP suggested a significant interaction
between phenolic and flavonoid content and the chito-
san of NP1. This interaction resulted in enhanced
structural and chemical stability of TFNP.

Figure 5 Fourier-transform infrared (FT-IR) and UV–Vis absorption spectra of samples. (a) FT-IR spectra, (b) UV–Vis absorption spectra.

Blank NP1; Blank chitosan nanoparticle (Chitosan/STPP ratio of 2-fold), TFNP; Tricholoma fracticum Extract-Loaded Chitosan

Nanoparticle.
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Fenolic and flavonoid content in Tricholoma fracticum
extract

Prior to evaluating the antioxidant activity of the samples,
the phenolic and flavonoid contents of the T. fracticum
extract, obtained via ethanol extraction (0.7% extraction
yield (w/w)), were determined through spectroscopic and
chromatographic analysis (Table 2). Phenolic content was
determined relative to GA standards, while flavonoid
level was quantified relative to QE equivalents.

Table 2 reveals that the amount of phenolic com-
pounds in the T. fracticum ethanol extract was
7.1 � 0.3 mg GAE/g extract using the Folin–Ciocalteu
analysis method. The flavonoid content in the

T. fracticum ethanol extract was 5.5 � 0.6 mg QUE/g
extract. Phenolic compounds are directly involved in
antioxidative actions, and their content is closely asso-
ciated with antioxidant activity (Tel et al., 2012). The
antioxidant activity of phenolic generally correlates
with their chemical structures, with increased activity
observed as the number and position of hydroxyl
groups within the molecules increase (Dhamodharan &
Mirunalini, 2013). Therefore, total phenolic content
plays a crucial role in the antioxidant activity of mush-
room extracts (Tel et al., 2012). In our study, the
ethanol-extracted mushroom exhibited a yield of
0.68%. The phenolic and flavonoid contents in the
extract were determined to be 7.1 � 0.3 mg and

Figure 6 Thermogravimetric analysis (TGA) results of samples. (a) Thermogravimetric (TG) curve, (b) Derivative of the thermogravimetric

(DTG) curve. NP1, Blank chitosan nanoparticle (Chitosan/STPP ratio of 2-fold); TFNP, Tricholoma fracticum Extract-Loaded Chitosan

Nanoparticle.
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5.5 � 0.6 mg, respectively. Dhamodharan & Miruna-
lini (2013) reported a phenolic content of 8.2 � 1 mg
of GA equivalents per gram of sample in
ethanol-extracted mushrooms (Dhamodharan & Miru-
nalini, 2013), consistent with our findings. However,
variations in phenolic content can arise from the use
of different extraction solvents (Tel et al., 2012; Sadi
et al., 2015). Since our study utilised a single solvent
type, the influence of alternative solvents on phenolic
content was not investigated. Tel et al. (2012) analysed
the phenolic content and bioactivity of Tricholoma
species extracted using different solvents (Tel
et al., 2012). The ethyl acetate extract of T. terreum
exhibited the highest phenolic content among the
tested extracts, while the methanol extract of
T. fracticum exhibited the highest flavonoid content.
In our study, the phenolic and flavonoid content in
T. fracticum extracted with ethanol was lower than the
values reported by Tel et al. (2012), suggesting poten-
tial solvent-related variations influencing our findings.

Chromatographic analysis of the ethanol extract of
T. fracticum, employing calibration standards comprising
77 phenolic compound standards, revealed the presence of
seven phenolic compounds within the mushroom content
(Figure S1). Specifically, 11.6 � 0.5 ng mL�1 of 4-
hydroxybenzoic acid, 12.6 � 1.3 ng mL�1 of trans cin-
namic acid and 12.5 � 0.3 ng mL�1 of quinic acid were
detected. However, benzoic acid, syringic acid, galangin,
Que were found to be below the lowest calibration stan-
dard concentration (Table 2).

These seven molecules have been recognised in the
literature not only for their antioxidant activities
but also for their various pharmacological properties
as bioactive substances found in mushroom extracts
(Ribeiro et al., 2006; Li et al., 2014; Tanaka et al.,
2019; Cayan et al., 2020; Miranda et al., 2021; Li &
Bao, 2022). Cayan et al. (2020) identified trans cin-
namic acid in twenty-six mushroom species in their
study (Cayan et al., 2020). Similarly, our study
detected trans cinnamic acid as one of the main bioac-
tive molecules in the ethanolic extract of T. fracticum.
Ribeiro et al. (2006) reported the presence of quinic
acid in the analysed mushroom species in dried Portu-
guese wild edible mushrooms (Ribeiro et al., 2006).
Analyses conducted on Tricholoma equestre mush-
rooms reported 4-hydroxybenzoic acid as the most
abundant phenolic compound (Miranda et al., 2021).
Similarly, in our study, 4-hydroxybenzoic acid stood
out as one of prominent molecules in the extract of
T. Fracticum, a species belonging to the Tricholama
species. Our findings indicate that the bioactive com-
pound types extracted from T. fracticum in our study
align with those identified in various other mushroom
species documented in the literature (Li & Bao, 2022).

In vitro antioxidant activity analysis results

Upon examining Table 2, the levels of phenolic and
flavonoid compounds in the T. fracticum ethanol
extract are presented regarding mg TE. A higher TE

Table 2 Results of phenolic and flavonoid compounds in T. fracticum ethanol extract and in vitro antioxidant activity analysis of
the samples

Sample

Extraction yield

(% w/w)

Amount of fenolic and flavonoid Antioxidant activity analysis

Fenolic

(mg GAE/g extract)

Flavonoid

(mg Que/g extract)

DPPH

(mgTE/g extract)

ABTS

(mgTE/g extract)

T. fracticum 0.7 7.1 � 0.3 5.5 � 0.6 1.2 � 0.1a 4.2 � 0.1a

TFNP 2.0 � 0.2c 8.1 � 0.1c

Chitosan 0.4 � 0.1b 2.3 � 0.2b

Blank NP1 0.3 � 0.1b 2.3 � 0.2b

Amount of phenolic compound in T. fracticum ethanol extract using Exactive Plus Orbitrap LC-MS

Sample Molecule

Retention time

(RT; minute)

Quantitative ion

(m/z)

Calibration range

(ng mL�1)

Concentration

(ng mL�1)

T. fracticum Benzoic acid 10.84 121.02950 10–1000 5.3 � 0.3

4-hydroxybenzoic acid 7.86 137.02442 11.6 � 0.5

Syringic acid 8.92 197.04555 3.9 � 0.2

Trans cinnamic acid 12.31 147.04515 12.6 � 1.3

Quinic acid 0.94 191.05611 12.5 � 0.3

Galangin 14.59 269.04555 2.4 � 0.2

Quercetin 12.22 301.03538 2.5 � 0.0

DPPH and ABTS activity means of samples followed by different letters in a column are significantly different (P < 0.05). Values are the mean of

triplicate measurements.

Blank NP1, Blank chitosan nanoparticle (Chitosan/STPP ratio of 2-fold); TFNP, Tricholoma fracticum Extract-Loaded Chitosan Nanoparticle.
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signifies elevated antioxidant activity. In our study,
statistically significant differences were observed within
each sample group regarding the antioxidant activities
of T. fracticum and TFNP in DPPH analysis
(P < 0.05) (Table 2). However, when comparing the
antioxidant activity of chitosan and Blank NP1, no
significant difference was found between the two
(P > 0.05). In contrast, the antioxidant activity of
these samples was statistically significantly lower com-
pared to T. fracticum and TFNP (P < 0.05). Similar
results and statistical significance were also detected in
the ABTS analyses of the samples (P < 0.05). In this
context, the antioxidant activities of the samples, as
determined by DPPH analysis, follow a descending
order from highest to lowest: TFNP, T. fracticum
extract, chitosan reference, Blank NP1. The ABTS
antioxidant activity analysis results also confirm the
DPPH analysis results. Among our findings, it was
observed that encapsulated T. fracticum exhibited
higher antioxidant activity compared to its free form.
Several factors may contribute to this observation.
Bagheri et al. (2021) reported chitosan NPs loaded
with vegetable oil demonstrated higher antioxidant
activity free vegetable oils (Bagheri et al., 2021). Simi-
larly, Soleymanfallah et al. (2022) reported that the
antioxidant activity of chitosan NPs loaded with plant
extract was higher than that of free plant extract
(Soleymanfallah et al., 2022). Alqahtani et al. (2021)
reported that, depending on the concentration, plant
extract-loaded chitosan nanoparticles exhibited equiva-
lent to or slightly higher antioxidant activity than free
plant extracts (Alqahtani et al., 2021). In the light of
the findings in the literature and in our study, several
factors contribute to this phenomenon: (i) Encapsula-
tion processes protect plant extracts from oxygen and
temperature-induced degradation, thereby reducing the
evaporation rate of volatile components and poten-
tially preserving or even enhancing antioxidant activity
compared to free forms. (ii) Encapsulation may protect
the hydroxyl groups of phenolic compounds within the
extract, thereby maintaining their free radical scaveng-
ing activity. Further comprehensive research is war-
ranted to fully elucidate these mechanisms.

Researchers have determined that the bioactive com-
pound content in mushrooms is the source of their antiox-
idant properties. Various mushrooms contain potent
antioxidants such as phenolics, flavonoids, glycosides,
polysaccharides, tocopherols, ergothioneine and caroten-
oids, which are extracted from their fruiting bodies, myce-
lium and aqueous solutions (Chun et al., 2021).
T. fracticum belongs to the group of ectomycorrhizal
fungi, which form symbiotic relationships with higher
plants. Although T. fracticum is known to be an edible
mushroom with potential medicinal uses, it is described as
having a slightly bitter and tough taste (Tel et al., 2012;
Qonitah et al., 2023). To overcome these limitations, it is

important to develop different formulations to facilitate
the use of T. fracticum and similar mushroom species and
to benefit from their pharmacological properties. Addi-
tionally, it is desired to preserve the bioactivities of bioac-
tive compounds in different formulations. Therefore, the
antioxidant activities of mushroom extract-loaded NPs
developed using nanotechnological methods are expected
to continue following encapsulation. Antioxidant activity
tests are performed using various methods documented in
the literature. Due to the chemical complexity of the
extracts, which consist of a combination of numerous
compounds exhibiting varied functional groups, polarity
and chemical behaviour, outcomes can diverge signifi-
cantly depending on the test used. Therefore, commonly
used antioxidant potential evaluation methods in the liter-
ature, such as DPPH radical scavenging and ABTS cation
radical scavenging assays (Acar et al., 2021; Kartal
et al., 2022; Canbolat & Ates, 2023; Canbolat et al.,
2024), were utilised in our study. The DPPH results of the
analysed samples varied between 0.3 and 2 mg TE/g
extract, while the ABTS test results ranged from 2.3 to
8.1 mg TE/g extract in our study (Table 2). Given the
paucity of research on the antioxidant capacity of
T. fracticum, comparisons are drawn with studies analys-
ing the antioxidant activity of other mushrooms within
the Tricholoma family and/or different mushroom species.
In the study by Bal (2021), the antioxidant potential

of Tricholoma imbricatum was analysed. The study
found that the Total Antioxidant Status (TAS) value
of T. imbricatum was determined to be 3.5 � 0.1, with
a Total Oxidant Status (TOS) value of 15.3 � 0.1
(Bal, 2021). Sadi et al. (2015) found that T. fracticum
acetone extract exhibited antioxidant activity using
the DPPH method (Sadi et al., 2015). Baptista
et al. (2023) conducted a bioactivity analysis of Lenti-
nula edodes’ spent mushroom substrate using different
extraction methods. The DPPH test results ranged
from 0.2 to 1.5 mmol Trolox/g extract, while the
ABTS test results ranged from 0.4 to 0.9 mmol Trolox
(Baptista et al., 2023). In research by Dhamodharan &
Mirunalini (2013), chitosan nanoparticles loaded with
Agaricus bisporus extract were studied for bioactivity,
demonstrating preserved antioxidant activity post-
encapsulation (Dhamodharan & Mirunalini, 2013).
The DPPH assay results ranged from 0.2 to 1.5 mmol

Trolox/g extract, while the ABTS assay results ranged
from 0.4 to 0.9 mmol trolox (Baptista et al., 2023). In
research by Dhamodharan & Mirunalini (2013), chito-
san nanoparticles loaded with Agaricus bisporus extract
were studied for bioactivity, demonstrating preserved
antioxidant activity post-encapsulation (Dhamodharan
& Mirunalini, 2013).
In our study, the antioxidant activity of T. fracticum

extract determined by both DPPH and ABTS analyses
remained preserved after encapsulation and demonstrated
a partial increase (Table 2). This increase is attributed to
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the antioxidant effect of chitosan. Many studies in the lit-
erature have reported the antioxidant activity of chitosan
(Savin et al., 2020; Shehabeldine et al., 2022).

Our analysis revealed that the ethanol extract of
T. fracticum, which contains bioactive molecules such as
trans cinnamic acid, quinic acid and 4-hydroxybenzoic
acid alongside antioxidant properties, could be success-
fully loaded onto chitosan/STPP at a two-fold ratio using
the ionic gelation method. Notably, the antioxidant activ-
ity of the T. fracticum extract was both partially
enhanced and preserved. This finding indicates that the
feasibility of loading T. fracticum and similar mushroom
extracts onto chitosan, demonstrating the potential to
preserve their bioactive properties when encapsulated.

Conclusion

Our results showed that the ethanol extract of
T. fracticum could be easily and successfully loaded
into chitosan using ionic gelation method. Impor-
tantly, it was observed that the antioxidant activity of
T. fracticum extract persisted in the encapsulation
state. These results suggested that T. fracticum may
have potential for applications in therapeutic and
functional food. Furthermore, the synthesis method
developed in this study may offer potential for creating
new nanoparticles tailored for various fungus species.
The data from our study is anticipated to serve as a
guiding source for advancing nanotechnological appli-
cations in the food and health industry.
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Kartal, D.I., Şayak, O. & Acar, I. (2022). Investigation of antioxi-
dant activities of Agrocybe praecox fungus. The Journal of Fungus,
13, 37–43.

Koc, B., Akyuz, L., Cakmak, Y.S. et al. (2020). Production and
characterization of chitosan-fungal extract films. Food Bioscience,
35, 100545.
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