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Abstract Wood-decay fungi have been mainly
studied for their medicinal or nutraceutical properties,
lignocellulolytic enzymes as well as their pathological
role in plants. Recently they have also been recognized
as a potential source of biocomposite materials due to
the features of mycelial mats in several species.
Chemical, physical-morphological and biological
properties are affected by interspecific and intraspecific differences in composition of the cell wall regarding both major and minor constituents; thus, a
preliminary characterization can optimize the strain
selection for applied and research purposes. In the
present study, 52 strains from 18 wood-decay fungal
species were considered to build a general descriptive
model based on the cell wall in the light of interspecific variability. Pure-cultured mycelia were dried and

examined by thermogravimetric analysis (TGA) and
Fourier transformed infrared spectroscopy (FTIR) to
highlight the main different characteristics of each
species. TGA profiles resulted more functional for a
qualitative-quantitative description of major constituents (above all, b-glucans and chitin), whereas
FTIR spectra are only qualitative and more difficult to
analyze. Principal component analysis and cluster
analysis confirmed the general descriptive model and
allow interspecific comparison beyond intraspecific
variability. In conclusion, TGA provides a simpler
tool for screening of wood decay fungal strains and
selection based on major cell wall constituents,
namely chitin and glucans.
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Introduction
Wood decay fungi (WDF) carry out a fundamental
role in carbon cycle as they are one of the main
responsible for the complete mineralization of lignin
and cellulose (Mäkelä et al. 2014). Wood decay fungi
are able both to mechanically affect the wood matrix
and to chemically degrade the plant cell wall by using
different strategies. They have been traditionally
divided in brown rot agents (having cellulose as
degradation target) and white rot agents (degrading
both cellulose and lignin), but the increasing genomic
profiles are revealing that there are variables even at
intraspecies level (Schwarze 2007; Riley et al. 2014).
Up to now, the topic of mycelial characterization
has been faced in the perspective of bioactivity
exploitation relatively to medicinal species (Wasser
2014; Gargano et al. 2017); also for mycelium-based
biocomposites physico-mechanical and thermodynamic properties of mycelium need to be exploited
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as many aspects still remain unclear (Haneef et al.
2017; Islam et al. 2017; Jones et al. 2018; Girometta
et al. 2019).
As the total weight of dry fungal mass is given by
the cell wall, profiling the latter is of great interest. In
fact, the fungal cell wall is a complex matrix where
different substances are bonded by covalent or
H-bonds; at a higher dimensional level, fibrils are
physically entangled to produce a tight net (RuizHerrera 2016; Gow et al. 2017). Except for some
peculiarities typical of each fungal phyla, the main
constituent of the basal cell wall layer is chitin, a
polymer of N-acetyl glucosamine that develops fibrils
in an amorphous solid matrix; filaments can protrude
upwards and get bonded to glucans that are quite
different among fungal species (Ortiz-Castellanos and
Ruiz-Herrera 2015; Roncero et al. 2016). In the
phylum Basidiomycota (that includes most of WDF
and medicinal mushrooms), fungal cell wall is generally constituted by linear b(1-3)-glucans and branched
b(1-6)-glucans. Peptide components can be bonded to
glucans (proteoglycans), especially outwards, where
peptides themselves produce a highly amorphous
layer. Besides, secondary metabolites can be excreted
by the fungal cell to impregnate the wall but their
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contribute to the comprehensive weight is minimal
and negligible; they are related to some aspects in
bioactivity (Grienke et al. 2014; Baby et al. 2015).
Generally, the nature of the species can be
measured through the mass loss evolved during
thermal decomposition by Thermogravimetric Analysis (TGA), often coupled with Fourier transform
infrared spectroscopy (FTIR). Both are promising
techniques and a valuable tool due to rapidity, low
cost, simplicity and avoidance of chemicals.
In TGA changes in physical and chemical properties of materials are measured as a function of
increasing temperature. More in detail, TGA measures
the change in sample mass when applying a constant
heating rate (Prime et al. 2009). As it specifically
concerns biological samples, this method of thermal
analysis has been employed for example to characterize lignocellulosic biomass degradation by fungi (Ma
et al. 2013; Girometta et al. 2017), to predict fuel
properties of biomass (Strandberg et al. 2017) or to
investigate the kinetics and the thermal degradation of
chitin and chitosan (Moussout et al. 2016).
Over the years FTIR has been widely employed in
the structural and functional characterization of
biomolecules. Even if in complex materials, such as
fungi and other biological systems, absorption bands
of many molecules overlap and complicate spectral
interpretation, FTIR provide an informative qualitative overview of the main components such as lipids,
proteins, and carbohydrates. FTIR spectroscopy can
help in understanding the chemical processes during
fungal development and substrate degradation, such as
wood, food (spoilage) and animal or plant living
tissues. In these cases, FTIR has been proposed to
detect and identify pathogens (Erukhimovitch et al.
2005; Salman et al. 2010, 2011). Analogously, FTIR
spectroscopy has been widely applied to the characterization of complex samples, such as pollen grains
(Lahlali et al. 2014) or organic matter in soil (Heller
et al. 2015).
Aim of the present study is the qualitative and
thermal characterization of mycelia from 52 strains of
wood decay macro-fungi in order to build a general
descriptive model based on the properties of the cell
wall in the light of interspecific variability. Profiling
the fungal cell wall is finally aimed to point out
compositional or thermal features that are critical for
the design of biotechnological applications (e.g. in
biomaterials or for nutraceutical products). Moreover,

the present study aims to point out whether TGA and/
or FTIR spectroscopy are suitable for routine basic
characterization and selection of fungal strains.

Materials and methods
Thermogravimetric analysis (TGA)
For each dried mycelium, a sample of approximately
10 mg was placed in an alumina crucible in a Mettler
Toledo TGA1 XP1 thermal analyzer and heated from
25 to 900 °C at a heating rate of 20 °C min-1 under
nitrogen atmosphere (100 ml min-1) in order to
record the mass loss (Bolognesi et al., 2019). Standard
of b-glucan and chitin (both from Sigma Aldrich) were
used to compare the fungal mass loss at different
temperature stages.
Fungal strains
All the WDF strains were isolated in pure culture from
basidiomes collected in Italy. All the strains were
identified both on macro and micro-morphological
cultural characteristics (Stalpers 1978) and on molecular identification by ITS regions (Savino et al.
2014, 2016; Girometta et al. 2020). All the WDF
strains used in the present study are reported in
Table 1; they belong to the Fungal Research Culture
Collection (MicUNIPV) of the Mycology Laboratory
of DSTA – University of Pavia and are maintained on
MEA 2%w/v at 4 °C.
Mycelia sample preparation
Fungal strains were first grown up to 14 days at 24 °C
in Petri dishes (2%w/v MEA) to standardize the
inoculum conditions and reactivity. Colonized portions of MEA (about 0.125 cm3 each) were sterilely
inoculated into flasks containing 2%w/v ME (Biokar
Diagnostics) previously sterilized by autoclave
(121 °C, 20 min) and corked by raw cotton to favor
gaseous exchange. Incubation was carried out for
21 days in static condition at 24 °C into darkness. Due
to the long latency and low growth rate, H. erinaceus
mycelia were harvested after 28 days. At the end, each
mycelium was gently washed with deionized water
and dried at 40 °C until constant weight.
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Table 1 Fungal strains examined in the present study; taxonomy according to www.mycobank.org and www.indexfungorum.org
Species

Daedalea quercina
Flammulina velutipes

Fomes fomentarius

Fomitopsis officinalis

Fomitopsis pinicola

Ganoderma adspersum

Ganoderma lucidum

Ganoderma resinaceum

Grifola frondosa

Hericium erinaceus

Author

(L.) Pers.
(Curtis) Singer

(L.) Fr.

(Batsch) Bondertsev & Singer

(Sw.) P. Karst.

(Schulzer) Donk

(Curtis) P. Karst

Boud.

(Dicks.) Gray

(Bull.) Pers.

Inonotus radiatus

(Sowerby) P. Karst.

Laetiporus sulphureus

(Bull.) Murrill

Lentinus tigrinus
Lenzites warnieri

Perenniporia fraxinea
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(Bull.) Fr.
Durieu & Mont.

(Bull.) Ryvarden

Italian province of
basidiome sampling

Strain codes
MicUNIPV

In this study

Pavia

D.q.1

Dq1

Varese

D.q.2

Dq2

Pavia

F.v.6

Fv1

Pavia

F.v.3

Fv2

Pavia

F.v.1

Fv3

Pavia

F.f.3

Ff1

Pavia

F.f.1

Ff2

Varese

F.f.8

Ff3

Pavia

F.f.6

Ff4

Sondrio

F.o.1

Fo1

Aosta

F.o.2

Fo2

Verbano-Cusio-Ossola

F.o.10

Fo3

Aosta

F.pin.1

Fp1

Trento

F.pin.14

Fp2

Piacenza
Pavia

F.pin.4
G.adsp.10

Fp3
Ga1

Pavia

G.adsp.2

Ga2

Pavia

G.adsp.8

Ga3

Piacenza

G.l.3

Gl1

Piacenza

G.l.4

Gl2

Pavia

G.l.5

Gl3

Pavia

G.r.1

Gr1

Pavia

G.r.5

Gr2

Pavia

G.r.6

Gr3

Genova

G.f.4

Gf1

Bergamo

G.f.1

Gf2

Pavia

G.f.3

Gf3

Siena

H.e.1

He1

Siena

H.e.2

He2

Siena
Aosta

H.e.3
I.r.1

He3
Ir1

Pavia

I.r.2

Ir2

Pavia

L.s.1

Ls1

Pavia

L.s.5

Ls2

Varese

L.s.6

Ls3

Pavia

L.t.1

Lt1

Pavia

L.t.2

Lt2

Pavia

L.w.5

Lw1

Pavia

L.w.1

Lw2

Pavia

L.w.2

Lw3

Pavia

P.f.25

Pf1

Pavia

P.f.15

Pf2

Pavia

P.f.2

Pf3
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Table 1 continued
Species

Pleurotus ostreatus

Schizophyllum commune

Trametes versicolor

Author

(Jacq.) P. Kumm.

Fr.

(L.) Lloyd

Measurement of glucan content
Quantification of total glucans and a glucans was
carried out by Megazyme Mushroom and Yeast betaglucan Assay Procedure K-YBGL 08/18 (Megazyme,
Wicklow, Ireland). To estimate the total glucan
content, samples were hydrolyzed by ice cold sulfuric
acid for 2 h and in a boiling water bath at 100 °C for
other 2 h. The measurement of total glucan was
performed using a mixture of exo-1,3-b-glucanase
plus b-glucosidase in sodium acetate buffer (pH 5) for
1 h at 40 °C and adding GOPOD reagent (glucose
oxidase, peroxidase and 4-aminoantipyrine). a-Glucan contents were estimated upon enzymatic hydrolysis with sodium acetate buffer (pH 3.8) and
amyloglucosidase plus invertase. GOPOD reagent
was added as well. The absorbance of all solutions
was analyzed spectrophotometrically (Onda Spectrophotometer UV-30 Scan) at 510 nm in both
procedures.
The content in b glucans was obtained by difference
between total and a glucans.
Determination of total phenols
Total phenolic content was determined using Folin–
Ciocalteau assay on methanol extract according to
Ainsworth and Gillespie (2007). Gallic acid (Sigma)
was used as standard for calibration curve. Absorbance at 765 nm was measured using a Onda UV-30
Scan spectrophotometer. Content of total phenolics
was estimated as gallic acid equivalents (GAE) and

Italian province of
basidiome sampling

Strain codes
MicUNIPV

In this study

Piacenza

Pl.o.1

Po1

Pavia

Pl.o.6

Po2

Pavia

Pl.o.9

Po3

Pavia

S.c.3

Sc1

Genova

S.c.7

Sc2

Pavia

S.c.5

Sc3

Pavia

Tr.v.1

Tv1

Piacenza

Tr.v.7

Tv2

Piacenza

Tr.v.6

Tv3

then converted in mg g-1 to sample dry weight
(Kozarski et al. 2012).
Determination of terpenoids
Terpenoids determination was performed with gas
chromatography—mass spectrometry (GC/MS) by
LabAnalysis S.r.l. (Casanova Lonati, Pavia, Italy).
Fourier transform infrared (FTIR) spectroscopy
FTIR measurements were performed to define chemical composition using a Perkin Elmer 1600 FT-IR
equipped with a Specac Mk II Golden Gate system. A
total of 256 scans were recorded over 900–4000 cm-1
(resolution 2 cm-1) as described in Vadivel et al.
(2017).
Data representation and analysis
Principal component analysis (PCA) was performed
by IBM SPSS Statistics 21 on TGA primitive curve.
Each strain was treated as an original variable and all
the conspecific strains were entered per component
extraction; consequently, each extracted component
(PCA factor) represents a fungal species. PCA factors
were hierarchically clustered by using the software
SPSS 21 to render a dendrogram based on squared
Euclidean distance and between-groups linkage.
FT-IR data were originally acquired as percentage
transmittance and standardized based on 1980 cm-1
peak. Such a standardization appears justified as
1980 cm-1 peak is extant in all the samples and
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displays low ratio of standard deviation on the average
(4.9%). The peak is in a weak absorption region of
aromatic rings and is expected to be negligible for
characterization of the samples.
PCA of IR spectra was performed on standardized
absorbance. Each strain was treated as a variable and
the whole set of strains was analyzed.

Fig. 1 a–t DTGA curves of fungal strains separated by species. c
Commercial standards of b-glucans (red line) and chitin (black
line) are also reported for visual comparison. A = Daedalea
quercina; B = Fomes fomentarius; C = Fomitopsis officinalis;
D = Fomitopsis pinicola; E = Flammulina velutipes; F = Ganoderma adspersum; G = Grifola frondosa; H = Ganoderma
lucidum; I = Ganoderma resinaceum; L = Hericium erinaceus;
M = Inonotus radiatus; N = Laetiporus sulphureus; O = Lentinus tigrinus; P = Lenzites warnieri; Q = Perenniporia fraxinea;
R = Pleurotus ostreatus; S = Schizophyllum commune;
T = Trametes versicolor

Results and discussion
Thermogravimetric and differential
thermogravimetric analysis (TGA and DTGA)
TGA first derivatives (DTGA) are presented separately for each species considered in this work
(Fig. 1a–t).
All the examined strains show DTGA profiles
basically structured in four stages of thermal degradation that reflect the main temperature ranges of
sample weight loss. More in detail, the first stage
(25–120 °C range) is mostly related to the release of
adsorbed water that is present even in dried samples.
This phase is therefore expected to be highly variable
and poorly reliable for both intra- and inter-specific
comparison (Yang et al. 2010; Jones et al. 2018).
The second stage (120–250 °C range) is related to
the degradation of polysaccharide side chains alone
(such as a-glucans) or in glycoproteins, mainly
branched glucomannan (Werner et al. 2014; Puanglek
et al. 2016). Thermal degradation of polysaccharide
side chains has been reported to occur at lower
temperature in comparison to polysaccharide backbone (Prime et al. 2009; Sun et al. 2012).
Thus, the major weight loss occurs in the third stage
(250–350 °C range) for all the samples. The inflection
point in TGA curve (that is the relative minimum in
DTGA curve) resulted only slightly shifted among
samples (ratio of standard deviation to average = 2.32%). As clearly shown in Fig. 1, DTGA
curve of b-glucans standard reports an overlapping
peak in the same temperature range: this is an evidence
that weight loss in mycelia is due to the volatilization
of b-glucans as well. Such a temperature range for bglucans volatilization is also consistent with Werner
et al. (2014).
The last stage (350–500 °C range) is related to the
degradation of chitin-glucans and pure chitin. Analogously to above discussion, DTGA curve of chitin
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standard reports a peak at 400 °C: this is an evidence
that weight loss in mycelia over 350 °C is mostly due
to the volatilization of chitin in turn. Thus, chitin
volatilization is visualized as a peak tailing towards
higher temperature in DTGA curve. Such a temperature range for chitin volatilization is also consistent
with Ospina Álvarez et al. (2014). Since some species
show intraspecific variability in thermal behavior,
interspecific comparisons are better clarified by representing each species as a PCA factor extracted from
its own strains (Fig. 2).
Cluster 2 collects species which report the highest
weight loss in range 120–250 °C with respect to
higher temperatures. By contrast, cluster 1 collects
species whose weight loss in range 120–250 °C is
negligible with respect to the comprehensive loss
occurring at higher temperatures. Thus, cluster 1.1
collects species which more selectively lose weight in
the range 250–350 °C (particularly in cluster 1.1.2),
whereas species in cluster 1.2 display an important
weight loss over 350 °C. The quantitative data about
weight loss in the mentioned temperature ranges are
reported in Table 2, as well as the results from
quantitative analysis of glucans. As expected, the
average of total glucans is 35% of sample dry weight;
b-glucans are over the 90% of total glucans in 67% of
the examined species. This furtherly confirms that the
weight loss (occurring in range 250–350 °C) is mainly
due to b-glucans volatilization. Our data complies
with literature (Zhu et al. 2015; İspirli et al. 2019).
Phenolics and Terpenoids
Among the great variety of metabolites, phenolics and
terpenoids are present in all the tested species. The
quantification of most abundant substances is particularly necessary to validate the analysis of FTIR
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Fig. 1 continued

123
Gr2

M

Ir1

O

Lw1
Lw2

Q

Lt1

Lt2
28
74
120
166
212
258
304
350
396
442
488
534
580
626
672
718
764
810
856

28
74
120
166
212
258
304
350
396
442
488
534
580
626
672
718
764
810
856

Gr1

28
74
120
166
212
258
304
350
396
442
488
534
580
626
672
718
764
810
856

28
74
120
166
212
258
304
350
396
442
488
534
580
626
672
718
764
810
856
28
74
120
166
212
258
304
350
396
442
488
534
580
626
672
718
764
810
856

28
74
120
166
212
258
304
350
396
442
488
534
580
626
672
718
764
810
856

I

28
74
120
166
212
258
304
350
396
442
488
534
580
626
672
718
764
810
856

28
74
120
166
212
258
304
350
396
442
488
534
580
626
672
718
764
810
856

Cellulose

L

Gr3
He1

Ir2
Ls1

Lw3
Pf1

Po1

He2

Ls2

Pf2

Po2

He3

N

Ls3

P

Pf3

R

Po3

Cellulose

28
74
120
166
212
258
304
350
396
442
488
534
580
626
672
718
764
810
856

Sc1

Sc2

Sc3

28
74
120
166
212
258
304
350
396
442
488
534
580
626
672
718
764
810
856

T

S

Tv1

Tv2

Tv3
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spectra (Kozarski et al. 2012). Total phenolics as
calculated by Folin–Ciocalteau assay are reported in
Fig. 3.
Highest phenolics concentrations in methanol
extract were reported by H.erinaceus and L. sulphureus, that is consistent with literature focused on
the bioactivity of extracts from these species, although

higher concentrations are usually found in basidiomes
(Li et al. 2012; Prasad et al. 2015; Corana et al. 2019).
Quantification of terpenoids and other metabolites
is reported in Fig. 4. Peak identification was made by
comparison with commercial libraries.
As expected, a major fraction in all the species is
given by ergosterol, that is a lanostane-triterpenoid

Fig. 2 Dendrogram of PCA factors by IBM SPSS 21.
Clustering method: between groups linkage; measure by
squared euclidean distance. Each fungal strain was treated as a

variable; each variable contained the following data: residual
%weight from TGA in the range 100–500 °C
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Table 2 Percentage weight
loss of the dry sample in the
main temperature ranges
(TGA output) and %w/w of
total glucans, a-glucans and
b-glucans (Megazyme
Assay Procedure)

%w/w glucans

% weight loss
120–250 °C

250–350 °C

350–500 °C

Total

a

b

Dq

9.504

39.268

16.751

25.358

0.34

25.018

Fp

19.356

28.753

24.819

36.551

12.76

23.791

Ga
Po

8.422
6.661

40.116
44.367

12.319
14.786

40.207
45.014

6.075
3.077

34.132
41.936

Ff

13.465

36.576

13.614

39.365

3.248

36.117

Gl

6.445

40.949

19.901

36.898

4.985

31.914

Ls

9.752

33.789

24.671

30.531

7.317

23.214

Fo

13.388

33.081

24.178

29.567

1.735

27.831

Gf

8.391

42.619

18.53

30.146

0.s031

30.146

Fv

6.227

41.491

24.235

40.866

2.168

38.698

Ir

10.043

39.102

16.242

42.666

4.538

38.128

Sc

4.999

49.587

13.072

39.293

0.343

38.949

Gr

7.801

39.775

18.758

28.915

1.151

27.765

He

7.788

40.91

16.959

33.658

0.954

32.703

Pf

9.563

37.827

14.939

26.306

3.335

22.971

Tv

9.765

38.992

14.263

29.305

0.012

29.305

Lw

16.258

30.543

13.75

42.132

1.652

40.48

Lt

9.904

38.89

14.879

36.99

1.198

35.792

Ls

Lt Lw Pf Po Sc Tv

0.03

0.025

mg g-1

0.02

0.015

0.01

0.005

0
Dq Ff

Fo Fp Fv Ga Gf

G l Gr He

Ir

Fig. 3 Total phenolics per species as calculated by Folin–Ciocalteau assay on methanolic extracts

acting as the fundamental sterol in fungal cell
membrane; consequently, other similar substances
along ergosterol pathway are also represented (Weete
et al. 2010). Organic acids are represented as well;
notably, they are unsaturated acids.
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Fourier transformed infrared (FTIR) spectroscopy
All the spectra have been recorded in the range
450–4400 cm-1. After standardization on 1980 cm-1
peak. PCA is reviewed by Naumann (2015) as a useful

Cellulose

Fig. 4 Most representative minor metabolites detected by GC–MS from mycelia

classification method to reduce the (also visual)
complexity of FTIR spectra in fungal samples. Thus,
a comprehensive PCA factor was extracted from the
whole strains set and shown in Fig. 5. Most featuring
peaks are reported.
Consistently with literature, 6 different regions are
basically recognizable in the spectrum (Naumann
2009, 2015). Moreover, the high cumulative explained
variance confirms that the spectrum is truly representative for all the set of examined fungal strains. Based
on this, the reported spectrum provides a standard of
mycelial behavior under FTIR.
The first and second region (3600–3000 cm-1;
3000–2800 cm-1) are typically affected by residual
water and entrapped CO2. The first region is shared by

all the examined species and joins the signals from the
stretching of O–H and N–H bond by alcohols,
carboxylic acids with H-bonds, primary and secondary
amines and amides. In the second region, the peak at
2900 cm-1 is typically a doublet in most samples, as
also reported in literature (Darmon and Rudall 1950;
Liu et al. 2006; Fiţigău et al. 2013). The peak at
2935 cm-1 is mainly due to the stretching from C–H
bond in alkane backbone and aldehydes. Thus, as it
concerns fungal samples, this peak has been reported
to be particularly representative for chitin, that is a
major constituent of the cell wall (Mohacek-Grosev
et al. 2001), as well as ergosterol. As discussed above,
ergosterol is the most important sterol in fungal
membrane and one and was detected in the examined
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Fig. 5 ATR-FTIR spectrum represented by the first PCA factor extracted from the whole set of examined fungal strains. Cumulative
explained variance: 92.75%. Most featuring peaks are indicated

strains in the range 100–336 mg kg-1 (https://
scifinder.cas.org/; spectra ID NIDA41, MICC91453-753Q, NIDA67451).
As a general rule for IR spectroscopy, the most
specific information about molecular functional
groups comes from the range 1500–800 cm-1 (‘‘fingerprint region’’). The third region (1800–1485 cm-1)
includes two main peaks at 1640 and 1545 cm-1. The
peak at 1640 cm-1 collects the contributes of aromatic
rings and conjugated alkenes. Carbonyl groups from
different sources (e.g. carboxylic acids) are reported to
strongly adsorb in this range. The region around the
peak at 1640 cm-1 is difficult to analyze because it is
affected by chitin above all, as well as by peptides and
secondary metabolites (Di Mario et al. 2008). The
peak at 1545 cm-1 is also important to monitor chitin
and ergosterol, even though it is affected by aromatic
rings, conjugated C=C, N–H from secondary amines
and amides and C–O bending (Moussout et al. 2016;
https://scifinder.cas.org). Since N–H in chitin is basically related to primary amides and secondary amines,
the latter being cut off over 1550 cm-1, absorbance
decreases around 1600 cm-1. Since secondary amines
are cut off over 1550 cm-1, absorption by peptides
decreases too. By contrast, the fourth region
(1485–1185 cm-1) is affected by polysaccharide

123

component, mostly due to C–O from different sources.
Amidic C–N (from chitin) is another major factor in
this range, but O–H bending is also present; amines are
expected to be cut off over 1230 cm-1.
Deformation of –CH3 and tri-substituted alkanes
(ergosterol) increases absorbance in ranges
1370–1390 cm-1 and 1430–1470 cm-1 respectively.
The low peaks at 1320 cm-1 and 1420 cm-1 reported
by several samples are reported to be typical of chitin
(Brugnerotto et al. 2001).
Absorbance reaches its highest values in the region
between 960 and 1200 cm-1, due to stretching by C–O
from different sources (C–OH included), as well as by
C–N and C–C. Absorption in this region is thus
referred to polysaccharides in general, although contributes by chitin, peptides and secondary metabolites
(ergosterol above all) are locally significant. Literature
is contradictory about the possibility to discriminate afrom b-glucans or even glucans from other glycans in
IR spectra of mycelia (Zhang et al. 1999; Robert et al.
2005; Liu et al. 2006; McCann et al. 2007; Huang
2008; Olennikov et al. 2009a, b; Wang and Zhang
2009; Zechner-Krpan et al. 2010; Osinska-Jaroszuk
et al. 2014; Farinha et al. 2015; Abdel-Mohsen et al.
2016; Barrientos et al. 2016; Hao et al. 2016;). Further
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on, b-glucans are the major fraction in the examined
strains, whereas a-glucans are often negligible.
The main source of absorption in the region
750–960 cm-1 is C–C stretching in molecular backbone; the contributes of C–H and N–H bending and
torching are also reported. This region is therefore
poorly informative and only very weak bands, hardly
distinguishable from background noise, were recorded
in the present study in this region.

Conclusions
Mycelial biomass is a complex matrix to characterize.
The present study reported and discussed the TGA and
FTIR profiles of a wide species range chosen among
wood decay Agaricomycetes and explored both their
interspecific and intraspecific variability.
Since based on a quantitative approach, TGA is
much easier to explain, yet not suitable for fine
discrimination among molecular architectures. TGA is
thus highly reliable for profiling cell wall structural
polymers, namely b-glucans and chitin, which constitute the dry weight of the sample. Consistently with
the initial hypothesis, intraspecific variability in TGA
curves is relatively low (e.g. in F. officinalis and G.
frondosa), i.e. the technique is reproducible for
different strains within the same species and allows
to compare slight differences at the same time.
Our findings by FTIR are consistent with spectra
reported by literature for fungal samples and can
explain all the major constituents of the cell wall and
suggest insights for minor constituents. Nevertheless,
FTIR spectra are much more difficult and ambiguous
to analyze than TGA profiles and need complementary
analyses.
In conclusion, the present study provides evidence
that TGA is the most suitable and reliable screening
tool for mycelia selection in order to optimize and
rationalize applications, with particular concern to
biomaterials.
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Grienke U, Zöll M, Peintner U, Rollinger JM (2014) European
medicinal polypores: a modern view on traditional uses.
J Ethnopharmacol 154(3):564–583. https://doi.org/10.
1016/j.jep.2014.04.030
Haneef M, Ceseracciu L, Canale C, Bayer IS, Heredia-Guerrero
JA, Athanassiou A (2017) Advanced materials from fungal
mycelium: fabrication and tuning of physical properties.
Sci Rep 7:41292. https://doi.org/10.1038/srep41292
Hao L, Sheng Z, Lu J, Tao R, Jia S (2016) Characterization and
antioxidant activities of extracellular and intracellular
polysaccharides from Fomitopsis pinicola. Carbohydr
Polym 141:54–59. https://doi.org/10.1016/j.carbpol.2015.
11.048
Heller C, Ellerbrock RH, Roßkopf N, Klingenfuß C, Zeitz J
(2015) Soil organic matter characterization of temperate
peatland soil with FTIR-spectroscopy: effects of mire type
and drainage intensity. Eur J Soil Sci 66(5):847–858.
https://doi.org/10.1111/ejss.12279
Huang GL (2008) Extraction of two active polysaccharides from
the yeast cell wall. Z Naturforsch 63(11–12):919–921
Index Fungorum (2018). http://www.indexfungorum.org.
Accessed 20 Feb 2020
Islam MR, Tudryn G, Bucinell R, Schadler L, Picu RC (2017)
Morphology and mechanics of fungal mycelium. Sci Rep
7:13070. https://doi.org/10.1038/s41598-017-13295-2
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