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ABSTRACT

A composition of the fruiting bodies of Fomes fomentarius and their extracted fibers were studied. The cell
walls of the fungus composed mainly of glucan, chitin and melanin-like substances with hemicellulose,
uronic and glucuronic acids as minor compounds. In comparison with the raw fruiting bodies, the fibres
from Fomes fomentarius, extracted under mild conditions, contain about one third of fats, half of alpha-
glucans, 25% less melanin-like substances, 15% less hemicellulose, around 25% more beta-glucans and
15% more chitin. While under severe extraction conditions a gradually increase of the chitin percentage in
the cell walls is possible, the eco-friendly purification method is preferable. After mild hot purification, the
fibres could be more bioavailable and accessible for specific receptors, immune cells, intestinal microbiota
etc.to be a good candidate to replenish a number of vital mushrooms used as dietary supplements.
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INTRODUCTION

Fungi are very special, fascinating organisms.
Most of them contain biologically active
substance. Nowadays, the pharmacological
effects of around 700 fungal species are known
[1]. They can e.g. hinder growth of various
tumours, stimulate the immune system, support
cell regeneration, help rid the body of toxins,
support the well being etc. [1-4].

As a result of the increased interest in vital fungi
and their positive characteristics, rather
unknown or forgotten types are being examined
today more closely. The tinder fungus, also
called amadou mushroom, (Fomes fomentarius
(L.) Fr.) is among those fungi (Fig. 1).

Figurel. A fruiting body of thetinder fungus (Fomes
fomentarius (L.)Fr.)

Ages ago the middle layer of the fruiting bodies
of the Fomes fomentarius were used as tinder or
to create a leather-like material. Because of its
positive attributes, tinder fungus has also been
used in folk medicine for treatment of gastro-
intestinal, liver-related problems and
inflammations, for pain relief, as a hemostatic
and anticancer remedy etc. [5-9].

In Europe, the first wave of scientific interest in
the tinder fungus arrived since the 1970s, again
with examinations of the composition of the
fungal extracts [10]. Literature research shows,
that interest in the topic has not vanished until
today, but on the contrary, is growing.

Nowadays, many scientific examinations and
clinical studies point out, that the isolated cell
wall and extracts of Fomes fomentarius can
positively influence the immune system [11-13],
blood sugar levels, cholesterol levels [14] and
also have an anti-bacterial, anti-viral, fungicidal,
anti-inflammatory, and analgesic effects [11, 15-
18]. They can also absorb infections in the
gastro-intestinal area [11], show anti-cancer
activities [5, 19-21] and bind heavy metals,
radionuclides, and free radicals [6, 11, 22-30].
Because of their positive attributes, tinder
fungus products are merchandised as dietary
supplements.
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In this paper we will focus on the analysis of the
milled fruit bodies and insoluble extracted
fibres.

MATERIAL AND METHODS

Fomes fomentarius (L.) Fr.) fruiting bodies were
identified morphologically and using DNA-
analysis. DNA-analysis was performed by
Alvalab molecular analysis service, LA
Rochela, Spain, using PCR and sequencing of
parts of the ITS-region [31].

Extraction/purification comprises the following
steps: drying of the fruiting bodies, grinding,
mixing with extracting liquid, and extraction at
high temperature, washing to cleanse the final
product from residual extracting agent and
soluble components, and drying of the final
product.

After a mild purification the extracted insoluble
fibrous cell walls (extracted fibers) were
obtained (also known as Good Feeling Power®)
[32].

Severe modification of the cell walls (chitin-
modificated fibres) was possible as a result of
repetitive treatment with 5-20% acidic (H,SO,,
HCI) and basic (NaOH, Na,CO,) solutions.

Total dietary fibres that are primarily
hemicelluloses, pectins, other non-starch
hydrocolloids, resistant starch, cellulose and
lignin were estimated gravimetrically after
extraction and enzymatic digestion of non-fibre
material according to ICC standard method No.
156 [33].

Crude fat was determined as a sum of wax,
resins, lipids and fat according to NREL/TP-
510-42619 (2008) [34].

Proteinogenic amino acids were measured after
hydrolysis using HPLC with a fluorescence
detector [35].

The AOAC-approved method of Kjeldahl was
performed to measure total nitrogen and to
determine total protein content [36].

For protein calculation, the standard factor of
4.16 was use as recommend for fungi containing
non-protein nitrogen [37, 38].

The sugars glucose, fructose, sucrose, lactose
and maltose were extracted with demineralized
water (60°C) from the sample matrix. After
injection to the ion chromatographic system the
sugars were separated by means of an anion
exchange column (CarboPac PA 20, 3x150 mm)
and sodium hydroxide as eluent (concentration
65 mmol, temperature 30°C, flow 0,4 ml/min).
The separated sugars were  detected
electrochemically by means of the integrated
pulsed amperometry with a gold electrode. The
quantification was made with a calibration by
means of external standard solutions in different
concentrations.

Acid hydrolysis according to NREL/TP-510-
42618 followed by High-performance Anion
Exchange Chromatography coupled with Pulsed
Amperometric Detection (HPAE-PAD) was

used to estimate Glucan, Hemicellulose,
Glucuronic and Uronic acids [39].
The chitin amount was estimated after

hydrolysis with HCI followed by HPAE-PAD
[40] or by colorimetric modified method of
Chen & Johnson [41]. A drying step in the
method was replaced with titration of the acid
solution till neutral pH 7.

The total-, alpha- and beta-glucans were
determined using an enzyme based test Kit
developed for mushrooms and yeasts
(Megazyme Ltd., Wicklow, Ireland) according
to the manufacturer’s instructions [42].

Melanin-like  insoluble  substances  were
estimated as residue after acid hydrolysis of the
samples according to NREL/TP-510-42618
[39].

RESULTS AND DISCUSSION

Microscoping of isolated fibres shows that the
cell walls of the tinder fungus have well-formed
fibrous structure composed of long cell walls
that are empty inside (Fig. 2A). The fibres have
a cell wall thickness of 0.2-1 um, a diameter of
3-5 um, and a length of up to one millimeter
(Fig. 2B) [32].

The fibers isolated from tinder fungus fruit
bodies are composed of a number of polymers
(Table 1) which are bound together to form a
three-dimensional chemically and mechanically
stable netlike structure.
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Upon the comparative analysis of the
glucosamine and acetyl residues in acid
hydrolysate (HPAE-PAD and HPLC-RI,

respectively), chitin in the fibres will be
approximately 72% deacetylated.

Hydrolysis residue, presented in Table 1, is a
complex acid insoluble phenolic biopolymer.
This polymer can include insoluble lignin, acid

5000 ) Lanz: 250300

insoluble proteins and melanins. The tinder
fungus mostly nourishes itself from brown
lignin in wood, leaving behind the white colored
celluloses. This is how the fungus creates the so-
called “white rot” in wood [43]. Due to relative
high amount of nitrogen (around 10%), the
hydrolysis residues in the study were quantified
as melanin-like substances.

Figure2. The fibres isolated from tinder fungus fruit bodies. A - Keyence VHX-5000 digital microscope,
KEYENCE DEUTSCHLAND GmbH, 3000x. B - The Phenom ProX scanning electron microscope (SEM), LOT-

QuantumbDesign GmbH, 4400x

Melanins are a large diverse group of

hydrophobic, negatively charged
macromolecules  formed by  oxidative
polymerization of phenolic or indolic

compounds. Data of the chemical structure of
fungal melanin pigments are very limited due to
their heterogeneity, stability and complicated
polymeric structure.

There are several different types of melanin, but
DHN-melanin (named for one of the pathway
intermediates, 1,8-dihydroxynaphthalene) and
DOPA-melanin  (named for one of the
precursors, L-3,4-dihydroxyphenylalanine) have
been proposed as the most important types in
fungi [44, 45].

The brown pigments from Fomes fomentarius
were detected also as melanins using

nanosecond laser technology developed by LTB
Lasertechnik Berlin GmbH and Magnosco
GmbH [46]. Analytically, the three main
structural components of the fibres (glucan,
chitin and melanin-like substances) as well as
the minor compounds (hemicellulose as a sum
of mannan, galactan, xylan, arabinan and
rhamnan, as well uronic and glucuronic acids)
are detected as dietary fibres (Table 1).

In comparison with raw fruiting bodies, the
extracted fibres contained about one third of
ethanol extractives (fats, waxes, lipids, resins
etc.), 25% less melanin-like substances, 15%
less hemicellulose, but 15% more chitin.

Thus, the composition of the cell walls was
influenced by removing the easy extractable
soluble compounds.

Tablel. Composition of main copolymers building the cell walls of Fomes fomentarius in extracted fibres. The

average data presented in g per 100 g of dry mass+SD

Polymers Mean, g/100 g dm +SD % to raw fruiting bodies
Chitin 6.70 0.23 117.5

Glucan 38.46 2.24 129.5
Hydrolysis residue (melanins) 22.16 3.10 75.9

Uronic acid 1.35 0.09 79.4
Glucuronic acid 1.33 0.12 121.2

Dietary fibres 74.93 1.07 -
Hemicellulose: 1.40 0.25 82.6
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Mannan 0.66 0.12 -
Galactan 0.22 0.14 -
Xylan 0.55 0.27 -
Arabinan 0.11 0.02 -
Rhamnan 0.02 0.02 -

To qualify the total glucans, a Megazyme Kit
was used. The assay was previously described
and is expected to deliver reliable results for
glucans, and especially 1,3/1,6-3-D-glucan
content, in  mushrooms and mushroom
preparations [42, 47-51].

According to the data, presented in Table 2, the
glucan in the fibres extracted from the Fomes
fomentarius composed mainly of beta-glucans
with less than 4% of alpha-glucans. Indeed, in
the raw material the percentage of the alpha-

glucans was around 7-10% of the total glucans
(Table 2) [50].

Thus, in extracted fibres the amount of alpha-
glucans decreases by the factor 2.

After mild proceeding of the raw material the
amount of total- and beta-glucans slightly
increased (Table 2).

Earlier published data [50] also show the lower
amount of total glucans (24.94+1.832) and beta-
glucans (22.495+2.329) in milled fruit bodies of
Fomes fomentarius.

Glucan content in the Fomes fomentarius milled fruiting bodies (raw material) and extracted fibres was
detected using Megazyme assay. The average data presented in g per 100 g of dry mass+SD

Fomes fomentarius Total glucans, +SD | Alpha-glucans, | +SD | Beta-glucans, | +SD
9/100 g dm 9/100 g dm g/100 g dm

Raw material 31.930 3.189 2.359 0.236 29.571 3.425

Extracted fibres 40.77 6.36 1.28 0.14 39.49 6.33

% glucans, in extracted 127.69 - 54.31 - 133.55 -

fibres to raw material

Thus, glucan extracted from the cell wall of
Fomes fomentarius belong mostly to the
insoluble, highly molecular 1,3/1,6-R-D-glucans,
which show the highest bioactivity [52, 53].

Alone with molecular weight, the conformation
of the glucans like single helix, double or triple
helix is important.

To date, single helix or slightly loosened up
triple helix lead to elevated macrophage
activation [54-57]. Thus, purification of the
fibers from the waxes, lipids and soluble cell
compounds could lead to activation of the
polymers.

To date there are several approaches to obtain
fibres from the mushroom Fomes fomentarius. It
could be isolated by repetitive extraction with
different solvents (water, alcohol, benzene,
alkali, acid).

After those severe extractions a product still has
a fibrous structure and altered chitin-glucan-
melanin distribution [58, 59].

A modification of the cell walls is possible as a
result of repetitive treatment with acidic and
basic solutions. One of the possible variations of
the chitin percentage in the cell walls of the
tinder fungus is presented in the table 3.

During modification experiments the chitin
amount was estimated  colorimetrically
according to a modified method [41].

For the fibres extracted under mild conditions
(Good Feeling Power®, table 3), the results are
comparable with the HPAE-PAD methods
(7.97% chitin vs. 6.7%, respectively) (Tables 1
and 3). Thus, the chitin amount can be estimated
routinely using nonexpensive colorimetrical
method.

According to our experiments, a modification of
the tinder fungus fibres is rather possible. But
using the eco-friendly mild purification method
is preferable due to the lower amount of
chemical waste.

Increasing of the glucan percentage in cell walls of the Fomes fomentarius after repetitive treatment
with acidic (HCI) and basic (NaOH) solutions (chitin-modificated fibres) in comparison with fibres extracted
under mild conditions (Good Feeling Power®). The average data presented in g per 100 g of dry mass+SD

Fomes fomentarius

Chitin, g/100 g dm

Chitin-modificated fibres

55.38+3.93

Good Feeling Power®

7.97+0.52
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The total protein content in tinder fungus fibres
is estimated by HPLC as the total amino acid

content after hydrolysis (Table 4) as well as
using nitrogen content measurement (Kjeldahl
assay).

Protein fraction after hydrolysis in tinder fungus fibres. The average data presented in g per kg of dry

mass+SD
Amino acids Mean, g/kg dm +SD
Aspartic acid 2.7 0.5
Glutamic acid 2.2 0.4
Serine 14 0.3
Histidine 0.3 0.1
Glycine 1.6 0.2
Threonine 14 0.3
Arginine 0.5 0.1
Alanine 15 0.2
Tyrosine 0.6 0.1
Valine 15 0.2
Phenylalanine 1.1 0.2
Isoleucine 1.2 0.2
Leucine 19 0.3
Lysine 0.4 0.0
Total 18.2 2.8

After hydrolysis the total amino acid content
represents 1.8 % of extracted fibres. Using
Kjeldahl assay and mushroom protein
correlation factor 4.16 [37, 38], the protein
amount in Fomes fomentarius extracted fibres
was 4.49%+0.03.

This value seems low, but nevertheless is 2.5
times higher as observed after hydrolysis and
HPLC analysis.

Thus, using conventional methods based on
nitrogen estimation, misleading information can
be obtained due to the presence of amid groups
of chitin and melanin which interferes with
these assays.

The conversion factor of total nitrogen into
crude protein could vary significantly 3.45 -
4.38 [38, 60].

A comparable low level of proteins after
hydrolysis (3.3%) was published for extracted
fibres from Aspergillus niger [61].

The fibres extracted from Fomes fomentarius
contains <1.9% of crude fat (Table 5) measured
by the acid hydrolysis method.The results on the
fatty acid profile measured by gas
chromatography indicate that the four most
abundant fatty acids are found to be oleic acid
(19.7%), linoleic acid (23.5%), palmitic acid
(20.9%) and stearic acid (11%). These four
major fatty acids represent around 80 % of the
total fatty acids. Other fatty acids are present at
< 6% each.

Lipid composition of extracted fibres from Fomes fomentarius. The average data presented in g per

100g of dry mass+SD
Fatty acids Mean, g/100 g dm +SD
Oleic acid 19.74 5.20
Linoleic acid 23.48 7.72
Palmitic acid 20.94 1.99
Stearic acid 10.99 0.06
Crude fat 1.90 0.88

Crude fat in extracted fibres have around 33%
of the same value in raw material. Thus, like
melanin-like substances, the waxes, lipids,
resins and other ethanol extractives will be
removed during the extraction process.

According to the published data [62], the
calorific value of dietary fibres is very low and
can be estimated to be around 2 kcal/g of
product coming solely from fermentation in the
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colon. A negligible amount of other cell
components cannot significantly affect the

nutritional value of the copolymer (Table 7).

Table7. The nutritional profile of extracted fibres from Fomes fomentarius

Parameter kcal/100 g
Carbohydrates except glucans (%, m/m) <05
Lipids (%, m/m) <2
Proteins (%, m/m) <2
Fibres 76
Total calorific value 180

CONCLUSIONS

Fomes fomentarius fruiting body is assembled
of tiny long fibrous cells arranged in stable and
elastic cell walls. The cell walls composed

flcNAC) 1,4-GleNAC
|

,3-Gle-1 ,3-G|c]y -1 .3-JGlc

mainly of glucan, chitin and melanin-like
substances (Fig. 3). As minor compounds
hemicellulose clasters of mannan, galactan,
xylan, arabinan and rhamnan were detected as
well as uronic and glucuronic acids.

Glc G

=

?
Gle-1,3-(Glc-1,3-Clc-1,988, 3/1,6-Beta-D-Glucan

(Me,

Fibres

Figure 3. Fomes fomentarius fruiting body with microscopic image of the isolated cell walls (fibres) and
molecular structure of the main compounds of the cell wall (chitin, glucan and melanin).

Mild purification of the milled fruiting bodies of
the wood-decay fungus Fomes fomentarius
leads to elimination of the bitter taste of the
product and some modifications of the
mushroom composition.

In comparison with raw material, the extracted
fibres from Fomes fomentarius contain about
one third of fats, a half of alpha-glucans, 25%
less melanin-like substances, 15% less
hemicellulose, around 25% more beta-glucans
and 15% more chitin. High fibre content and
respectively  low calorific value  were
characteristics for the purified extracted fibres.
Under severe extraction conditions a stronger
modification of the cell walls leads to gradually
increase of the chitin percentage in the cell
walls.

Thus, after mild hot purification, the cell walls
could be potentiated being more bio available
and accessible for specific receptors, immune
cells, intestinal microbiota etc. and could be a

good candidate to replenish a number of vital
mushrooms used as dietary supplements.
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