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Abstract

Background: Chitin and its derivative chitosan are readily exploited, especially in food, cosmetic, pharmaceutical,
biomedical, chemical, and textile industries. The biopolymers are currently recovered from the crustacean shells after
purification from the large amount of proteins and minerals. The key problems are centered around a lot of chemical
waste and allergenic potential of the heat-stable remaining proteins. Fungi can be considered as an alternative eco-
friendlier source of the chitin and chitosan due to the lower level of inorganic materials and absence of the allergenic
proteins.

Results: The work presents a new chemical assay to change the composition of the milled Fomes fomentarius fruiting
bodies. A gradual 13-fold increase of the chitin amount accompanied by 14-fold decrease of the glucan content was
obtained after repetitive alkali-acidic treatment. Raw material contained mainly chitin with 30% degree of deacetyla-
tion. After the first and second alkali treatment, the polymer was defined as chitosan with comparable amounts of
N-acetyl-o-glucosamine and p-glucosamine units. The last treated samples showed an increase of the chitin amount
to 80%, along with typical for the natural tinder fibers degree of deacetylation and three-dimensional fibrous hollow

structure.

Glucans

Conclusions: A new approach allowed a gradual enrichment of the pulverized Fomes fomentarius fruiting bodies
with chitin or chitosan, depending on the extraction conditions. High stability and fibrous structure of the fungal
cell walls with a drastically increased chitin ratio let us suggest a possibility of the targeted production of the chitin-
enriched fungal material biotechnologically under eco-friendly conditions.
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Background
Chitin is one of the most abundant materials in the
world. The biopolymer makes up a large part of shellfish
and insect exoskeletons and builds a base structure of the
cell walls of some fungi [1-3].

A potential of chitin as nontoxic, biocompatible and
biodegradable material is readily exploited. Chitin as well
as its derivatives chitosan and glucosamine (GlcN) are
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used as adsorbents in filtration processes, within some
wound dressings, in agriculture for plant defense and
yield increase, in food processing, as cosmetic ingredient,
to produce recyclable bioplastics, in the development of
nanomaterials, bioadhesives, improved drug delivery sys-
tems, in medical devices etc. [2, 4, 5].

Nowadays, the biopolymer is mainly extracted from
shellfish industry wastes holding up to 40% chitin. The
polymer still has to be purified from the highly-concen-
trated proteins and calcium or magnesium carbonate
(20-40% and 20-60%, respectively) usually using alkali
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and acids [2, 4]. Along with a process producing a lot of
chemical waste, the final product is not completely free
from heat-stable proteins and can cause allergic reactions
in sensitized peoples. Meanwhile, allergy to shellfish
is one of the most common food allergies, especially in
regions with high seafood consumption [6]. To date, dif-
ferent fungi species are investigated as an alternative chi-
tin/chitosan source to satisfy the expanding demand for
the high-quality polymers [3-5, 7, 8].

In fruiting bodies of the higher mushrooms, the chitin
amount ranged from 0.4% in Hypsizygus tessulatus to
30.1% dry weight in Fomitopsis pinicola [8—12]. Crystal-
line chitin microfibrils form a rigid backbone of the cell
wall networked with other polymers like glucans, poly-
phenols and hemicellulose [1, 13, 14]. It was suggested,
that in higher basidiomycetes the chitin content may be
enhanced up to 95%, depending on the type of fungi and
regime of treatment [14, 15].

In this work a new approach for the gradual chitin/
chitosan enhancement in the powdered fruiting bodies
of the wood-decay mushroom Fomes fomentarius was
presented.

Results

Repetitive alkali-acidic treatment of the E fomentarius
milled fruiting bodies led to the gradual increase of the
GlcN content from 5.3% to 69% (Table 1). Separated
acquisition of the acetyl groups using high-performance
liquid chromatography with refractive index detection
(HPLC-RI) allowed us further calculation of degree of
deacetylation (DD) to understand in which form—chitin
or chitosan—the polymers were presented.

Naturally, chitin is a random mix of chitin and chitosan
composed of f3-(1,4)-linked N-acetyl-D-glucosamine
(GleNAc) and GleN units. DD less as 50% points to chitin
and more than 50% is characteristic for chitosan. During
the study, the molar fraction of GIcN in the copolymer,
measured as DD, was changed from approximately 30%
in raw material to around 50% after the first and second
alkali treatments (samples #1 and #2) followed by fur-
ther decrease of the parameter to the end of treatment
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(Table 1). Thus, a proportion of chitin/chitosan was tem-
porarily shifted toward chitosan in the middle of treat-
ment. Otherwise the polymer was presented mainly as
chitin with DD less than 50%.

Using molar fractions of GlcN and GlcNAc, a precise
calculation of the total chitin and chitosan amount in the
samples was performed. Within alkali-acidic treatment of
the raw material, more than 13-fold increase of the poly-
mers was obtained, reaching as much as 80% (Fig. 1, Y1,
solid line).

Fibers of the E fomentarius contained naturally around
40% of the total glucans with majority of the B-glucan.
The alkali-acidic treatment gradually decreased their
amount until 2.5 g in 100 g dw (Table 2).

Microscopic examination of the chitin/chitosan-
enriched products was fulfilled to prove whether integ-
rity of the E fomentarius cell walls was affected. Instead
of the severe compositional changes, the samples showed
a clear fibrous structure, identified under a digital micro-
scope VHX-7000 (Keyence Deutschland GmbH, Neu-
Isenburg, Germany) (Fig. 2).

Discussion

In accordance with the previously published data [12],
E fomentarius wild growing fruiting bodies composed
of the 6% chitin (Fig. 1, raw material). Around 38% of
B-glucan was measured presently, that is slightly higher
than 25-32% published for tinder fungus before [12, 16].
The differences could be caused by improved hydrolysis
of the cell walls after using the sulfuric acid instead of the
hydrochloric one, as was recommended in the updated
Megazyme protocol [17].

According to already published work, mild treatment
did not lead to strong changes in composition of the main
structural compounds of the E fomentarius milled fruit-
ing bodies. Chitin as well as B-glucans slightly increased
(15 and 25%, respectively) in relation to the raw material
[12].

It was obvious, that more severe treatment of the fruit-
ing bodies was necessary to get a product essentially
enriched in chitin or chitosan. Thus, hot alkali and acid

Table 1 Glucosamine (GIcN), acetyl groups and degree of deacetylation (DD) after alkali-acidic treatment of F. fomentarius

Samples GlcN, % Acetyl groups, % DD, %

Mean SD Mean SD Mean SD
Raw material 5.30° 0.10 0.90° 0.10 27.58% 463
#1 9.35° 0.05 0.95 0.05 54.75P 215
#2 25.98° 2.38 3.40° 0.10 48.80° 0.90
#3 69.05° 5.28 13.53¢ 235 21.38? 11.13

Data were obtained from three or more independent experiments, performed in triplicate and represent mean in g/100 g dw = SD of the mean. Means in a column
that do not share a superscript letter are significantly different at p <0.05 by one-way ANOVA. See Fig. 3 for identification of the samples
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Fig. 1 Chitin/Chitosan amount and dry weight of the F. fomentarius biomass within alkali-acidic treatment. The asterisks represent significant
differences from raw material (P <0.01). Means in g/100 g dw are presented). See Fig. 3 for identification of the samples

Table 2 Glucans in the cell walls of the F. fomentarius after repetitive alkali-acidic extraction

Samples Total glucan, % a-glucan, % -glucan*, %

Mean SD Mean SD Mean SD
Raw material 3848° 049 0.94° 041 37.54° 0.08
#1 35.25° 475 0.18° 0.05 35.07° 472
#2 1942° 0.12 037° 013 19.05° 001
#3 2.74¢ 0.63 0.20° 0.12 2.54¢ 0.51

Data were obtained from three or more independent experiments, performed in triplicate and represent mean in g/100 g dw £ SD of the mean. Means in a column
that do not share a superscript letter are significantly different at p <0.01 by one-way ANOVA. See Fig. 3 for identification of the samples. *B-glucan values were

calculated based on total glucan and a-glucan measurements

treatments were combined consequently to wash out
other cell wall compounds like glucans, polyphenols,
minerals etc.

In the present work a gradual increase of the chitin or
chitosan percentage accompanied by decrease of the glu-
can content was presented after repetitive alkali-acidic
extraction. Within the treatment, described in “Methods’,
the chitinous compound raised up to 13-fold, reaching a
level of 80%, whereas B-glucan content decreased by fac-
tor 14 to 2.5% (Fig. 1, Table 2). Comparable high amounts
of the chitinous polymers were detected earlier in iso-
lated chitin-glucan complexes from E fomentarius, Phan-
erochaete sanguinea and Ganoderma applanatum (72,
59 and 64-74%, respectively) after consequent extrac-
tion with different solvents like water, alcohol, benzene,

alkalis and acids under varying time and temperature.
The method used in this reference was unfortunately
described too briefly to be reproducible [15].

Depending on the different extraction steps, the vari-
ous ratios of chitin and chitosan were observed in this
work. Thus, raw material contained more chitin than
chitosan with a deacetylation grade of around 30%
(Table 1). Comparable 26.5% DD was published for the
wood decay fungus Fomitopsis pinicola [10]. After the
first alkali treatment, the ratio chitin/chitosan was shifted
toward chitosan with about 50% of deacetylation. Dif-
ferent from chitin, a positively charged chitosan could
be soluble under certain conditions to be removed by
extracting solutions. This was the case during further
treatment to get 80% of the insoluble polymer. The final
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Fig. 2 Microscopic images of the . fomentarius samples after repetitive alkali-acidic treatment. a Raw material, b sample #1, ¢ sample #2, d sample
#3. See Fig. 3 for identification of the samples. Digital microscope VHX-7000 (Keyence Deutschland GmbH), transmitted light, magnification of x 667

chitin-enriched product (sample #3) showed typical
for natural tinder fibers DD of maximal 30%, thus to be
defined as chitin (Table 1).

Instead of the severe compositional changes, the three-
dimensional structure of the cell walls of the all sam-
ples was maintained fibrous. Microscopic images using
transmitted light demonstrated hollow structure of the
chitin-enriched fibers (Fig. 2d), that is common for tinder
fungus (Fig. 2a) [12]. The treatment did not destroy the
basic framework of the fungal cell wall, that, according
to the literature, is arranged as three-dimensional crys-
talline chitin microfibrils [1, 13, 14]. Certain amounts of
chitosan as well as more amorphous matrix like glucans
etc. were washed out during treatment.

It is worth mentioning, that the economic rationale
to produce chitin-enriched material from F fomentar-
ius fruiting bodies is not very promising because of the
chemical waste, long and energy-consuming producing
cycle and poor, lowered by the time of treatment yield of
the end product. In our experiments, only around 1% of
the sample with 80% chitin was recovered from the initial
dry weight of the biomass (Fig. 1, Y2, dotted line), giving
0.86% of the total chitin yield in the last treated sample.
In the literature, 1.3-1.4% recovery of the chitin-glucan

complex after alkali-acidic extraction was mentioned for
another wood-decay basidiomycete Fomitopsis officinalis
[18], commonly known as Agarikon.

Other rationale includes rapid growing market of chitin
and chitosan application, in particular in food, cosmetic,
pharmaceutical, biomedical, chemical, agriculture, bio-
technological and textile industries [4, 5, 9]. From 5 to
32% chitin and chitosan could be recovered from crusta-
cean shells [19]. Among the disadvantages of the mostly
used chemical methods, a lot of alkali and acid waste
as well as remaining protein rests that can elicit allergic
reactions in sensitized peoples should be mentioned [2,
3]. Compared to shellfish-derived polymers, the fungal
ones have close to zero amount of allergic proteins, less
minerals and therefore pose a potential for use in the
areas of personal care, food and biomedicine [3-5, 7, 8].
Especially attractive should be fungal waste processing or
biotechnological cultivation of the chitin-enriched fungal
strains.

Conclusions

A huge potential of chitin and its derivative chitosan is
readily exploited. The biopolymers are used in food, cos-
metic, pharmaceutical, biomedical, chemical, agricultural
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and textile industries. Nowadays, chitin and chitosan are
mostly recovered from the crustacean shells after obliga-
tory deproteinization and decalcification steps. Along
with expensive manufacturing accompanied by a lot of
chemical waste, the end product can be often contami-
nated with the remaining heat-stable proteins that cause
allergic reactions in sensitized peoples. Fungi are consid-
ered to become an alternative source of the chitin and
chitosan due to the reduced minerals and absence of the
allergenic substances.

In the present work a new chemical approach to
change the basic polymer composition of the milled E
fomentarius fruiting bodies was presented (Fig. 3, “Meth-
ods”). Up to 13-fold enrichment of the fungal biomass
with chitin and chitosan was monitored after repeti-
tive alkali-acidic treatment, depending on the extrac-
tion conditions (Fig. 1). A gradual increase of the chitin
and chitosan from 6 to 80% was accompanied by 14-fold
decrease of the total- and p-glucans (Table 2). Raw mate-
rial contained mainly chitin with 30% degree of deacety-
lation. After the first and second alkali treatments, the
polymer was defined as chitosan with comparable pro-
portion of N-acetyl-p-glucosamine and D-glucosamine
units. The last treated samples showed an increase of the
chitin amount to 80%, along with typical for the natural
tinder fibers degree of deacetylation and three-dimen-
sional fibrous hollow structure. High stability and fibrous
structure of the severe treated tinder fungus cell walls let
us suggest a possibility for biotechnological production
of chitin-enriched fungal material to overcome problems
with chemical waste and low yield of the end product.

Methods

Identification of species

The wild growing fruiting bodies of the wood-destroying
tinder fungus (Fomes fomentarius (L.) Fr.) were identified
morphologically and by sequencing the nuclear riboso-
mal internal transcribed spacer (ITS) region. Molecular
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identification was performed by Alvalab molecular analy-
sis service (LA Rochela, Spain) [20].

Assay to change the polymer composition

in the milled Fomes fomentarius fruiting bodies

An approach to change the polymer composition in the
E fomentarius isolated cell walls was based on the extrac-
tion methods published previously for different fungi
[15, 21-25]. A large amount of preliminary studies using
different solvents, temperature, time and ways of treat-
ment was performed to test suitable conditions, but not
included in the present work.

Dried E fomentarius fruiting bodies were fine milled
to obtain fibers of an average length of 10 to 50 pm,
mixed 1:10 w/w with extraction agents (NaOH or HCI)
and incubated for 3 or 24 h at different temperatures as
described (Fig. 3). The liquid phase was filtered and dis-
posed. Before changing the extraction agent, the solid
phase was washed several times with demineralized hot
water until neutral pH was attained. Some aliquots of the
solid phase (Samples #1-3) were dried at 60 °C and used
for further analysis.

Chitin and chitosan measurement

The chitin and chitosan were quantified after hydrolysis
with 6 N HCI (Merck, Darmstadt, Germany) for 7 h at
100 °C [26] followed by determination of the resulting
GIcN using high-performance anion exchange chroma-
tography coupled with pulsed amperometric detection
(HPAE-PAD). Briefly, an ICS-5000 system (Dionex, Sun-
nyvale, CA, USA) equipped with a CarboPac-PA20 guard
column (3x30 mm) and a CarboPac-PA20 analytical
column (3 x 150 mm) was used for HPAE-PAD. Detec-
tion was accomplished using integrated pulsed ampero-
metric detection (IPAD) with a gold working electrode
and an Ag/AgCl reference electrode. A standard carbo-
hydrate quadruple potential waveform was used. System
controlling and data processing were performed using a
Chromeleon 7.2 SR5 software. Elution was carried out

* 6% HCl,

I 6 % NaoH 24 h, 50°C 24 h, 50°C
material o =161% R6)0
) 3h, 80°C NaOH, 3 NaOH, 3

h, 80°C

* 18 % HCl,

h, 80°C

Fig. 3 Extraction steps to change the polymer composition in the powdered F. fomentarius fruiting bodies. Dried . fomentarius fruiting bodies were
fine milled, mixed with extraction agents (NaOH or HCl) and incubated for 3 or 24 h at different temperatures as described. The liquid phase was
filtered and disposed. Before changing the extraction agent, the solid phase was washed several times with demineralized hot water until neutral
pH was attained. Some aliquots of the solid phase (Samples #1-3) were dried at 60 °C and used for further analysis
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with NaOH (Merck, Darmstadt, Germany) at a flow rate
of 0.4 mL/min; 0.1 mL aliquots was injected. The concen-
tration of the GlcN in the samples was calculated using
an internal standard calibration method.

The amount of chitin/chitosan was calculated as a sum
of the molar fraction of GIcNAc and the molar fraction of
GIcN according to the following equation:

Page 6 of 7

a neutralization step with 6 mL of 8 M NaOH, the sam-
ples were adjusted to 100 mL with sodium acetate buffer
(200 mM, pH 4.5). 0.1 mL aliquots were incubated with
exo-1.3-B-glucanase (20 U/mL) and B-glucosidase (4 U/
mL) at 40 °C for 60 min. Then, 3 mL of glucose oxidase/
peroxidase (GOPOD) was added to each tube and incu-
bated at 40 °C for 20 min.

Chitin/chitosan, % = Acetyl x 203.19/42 + (GlcN — Acetyl x 203.19/42 x 179.17/203.19) x 161.16/179.17

= Acetyl 4+ GIcN x 0.9

where Acetyl—acetyl groups, %, measured by HPLC-RI,
GlcN—total GlcN, %, measured by HPAE-PAD, 203.19—
molar mass of acetylated unit, g/mol, 161.16—molar
mass of deacetylated unit, g/mol, 179.17—molar mass of
GIcN, g/mol, 42—molecular mass of acetyl, Da.

Estimation of acetyl groups and degree of deacetylation
Acid hydrolysis with sulfuric acid, according to NREL/
TP-510-42,618 [27], followed by HPLC-RI was used
to estimate the amount of the acetyl groups. Briefly, the
Series 200 high-performance liquid chromatography
system with refractive index detector (PerkinElmer Life
and analytical Sciences, CT, USA), equipped with Phe-
nomenex® Rezex ROA-Organic Acid H+ (8%), column
(300 x 7.8 mm) and TotalChrom 6.3.1 software (Perki-
nElmer Life and analytical Sciences, CT, USA) was used.
Elution was carried out with 5 mN sulfuric acid at a flow
rate of 0.6 mL/min and column temperature of 65 °C. The
analyte concentrations were calculated using an internal
standard calibration method.

Degree of deacetylation (DD) was defined as the GIcN
molar fraction in the copolymer and represented by the
following equation [3]:

NGIlcN

DD =100——————
NGIeN + MGicNAc

where ng—the average number of D-glucosamine
units, nga—the average number of N-acetyl- p-glu-
cosamine units.

Glucan measurements

The total-, a- and B-glucans were determined using an
enzyme-based assay developed for mushrooms and
yeasts (Megazyme International Ireland Ltd., Bray, Coun-
try Wicklow, Ireland) according to the updated pro-
tocol from 2019 [17]. For total glucan determination,
the samples (90 mg) were mixed with 2 mL of ice-cold
12 M sulfuric acid and incubated in an ice-water bath
for 2 h. After adding 10 mL of distilled water, the sam-
ples were incubated in a boiling water bath for 2 h. After

For a-glucan determination, 100 mg samples were
stirred with 2 mL of 1.7 M NaOH for 20 min on ice. After
adding 8 mL of sodium acetate buffer (1.2 M, pH 3.8) and
0.2 mL of invertase-amyloglucosidase mix (1630 U/mL
and 500 U/mL), the samples were incubated for 30 min
in a water bath at 40 °C. 0.1 mL aliquots were mixed with
0.1 mL of sodium acetate buffer (200 mM, pH 4.5) and
3 mL of GOPOD and incubated for 20 min at 40 °C. A
yeast standard and an internal mushroom powder stand-
ard were used for control. All samples were measured at
510 nm using BioSpectrometer (Eppendorf, Wesseling,
Germany) against a reagent blank. The B-glucan content
was determined by subtracting the a-glucans from the
total glucans.

Statistical analysis

Data were obtained from three or more independent
experiments, performed in triplicate and represent mean
in g/100 g dw=£SD of the mean. Data analysis was per-
formed using Microsoft Excel. Statistical differences were
evaluated through one-way ANOVA with a confidence
levels of 95% (P <0.05) or 99% (P <0.01).

Abbreviations

DD: Degree of deacetylation; dw: Dry weight; F. fomentarius: Fomes fomen-
tarius; GIcN: p-glucosamine; GIcNAc: N-acetyl-p-glucosamine; GOPOD: Glucose
oxidase/peroxidase; HCL: Hydrochloric acid; HPAE-PAD: High-performance
anion exchange chromatography coupled with pulsed amperometric detec-
tion; HPLC-RI: High-performance liquid chromatography with refractive index
detection; NaOH: Sodium hydroxide; SD: Standard deviation.

Acknowledgements

The author thanks the scientific partners from the Fraunhofer Institute for
Applied Polymer Research IAP, Niederrhein University of Applied Sciences and
Keyence Deutschland GmbH for the friendly collaboration, carrying out the
measurements and assistance with interpretation of the results.

Authors’ contributions
The author read and approved the final manuscript.

Funding

This work was partly supported by the Ministry for Innovation, Science and
Research of the state of North-Rhine Westphalia (NRW), Germany (Innovation
Voucher F +E, Project 1607ig012).



Kalitukha Fungal Biol Biotechnol (2021) 8:5

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or
analyzed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The author declares no competing interests that could have appeared to influ-
ence the work reported in this paper.

Received: 9 November 2020 Accepted: 30 March 2021
Published online: 15 April 2021

References

1.

Bowman SM, Free SJ. The structure and synthesis of the fungal cell wall.
BioEssays. 2006;28:799-808.

Arbia W, Arbia L, Adour L, Amrane A. Chitin extraction from crustacean
shells using biological methods - a review. Food Technol Biotechnol.
2013;51:12-25.

Abo Elsoud MM, El Kady EM. Current trends in fungal biosynthesis of
chitin and chitosan. Bull Natl Res Cent. 2019;43:59. https://doi.org/10.
1186/542269-019-0105-y.

Jones M, Kujundzic M, John S, Bismarck A. Crab vs mushroom: a review of
crustacean and fungal chitin in wound treatment. Mar Drugs. 2020;18:64.
Kaur S, Dhillon GS. The versatile biopolymer chitosan: potential sources,
evaluation of extraction methods and applications. Crit Rev Microbiol.
2014;40:155-75.

Khora SS. Seafood-associated shellfish allergy: A comprehensive review.
Immunol Invest. 2016;45:504-30. https://doi.org/10.1080/08820139.2016.
1180301.

Okada T, Kubo I. Fungus useful for chitin production, Patent US5905035A,
1997.

Mario FDi, Rapana P, Tomati U, Galli E. Chitin and chitosan from Basidi-
omycetes. Int J Biol Macromol. 2008;43:8-12. doi: https://doi.org/10.
1016/j.ijbiomac.2007.10.005.

Nitschke J, Altenbach HJ, Malolepszy T, Mélleken H. A new method for
the quantification of chitin and chitosan in edible mushrooms. Carbo-
hydr Res. 2011;346:1307-10.

Kaya M, Akata |, Baran T, Mentes A. Physicochemical properties of chitin
and chitosan produced from medicinal fungus (Fomitopsis pinicola). Food
Biophys. 2015;10:162-8.

. Erdogan S, Kaya M, Akata I. Chitin extraction and chitosan production

from cell wall of two mushroom species (Lactarius vellereus and Phyl-
lophora ribis). AIP Conference Proceedings. 2017;1809(1):020012.
Kalitukha L, Sari M. Fascinating Vital Mushrooms. Tinder Fungus (Fomes
fomentarius (L.) Fr) as a dietary supplement. Intern J Res Stud Sci Eng
Technol (Online). 2019;6(1):1-9. http://www.ijrsset.org/pdfs/v6-i1/1.pdf

Page 7 of 7

13. Roy JC, Salatin F, Giraud S, Ferri A, Guan J, Chen G. Solubility of chitin:
Solvents, solution behaviors and their related mechanisms. Solub Poly-
saccharides. 2017. https://doi.org/10.5772/intechopen.71385.

14. Gorovoj LF, Kosyakov VN. Mycoton — new chitin materials produced from
fungi. In: Z.S. Karnicki ZS, Brzeski MM, Bykowski PJ, Wojtasz-Pajak A, edi-
tors. Chitin World, Bremerhaven:Wirtschaftsverlag NW; 1995. p. 632-47.

15. Osovskaya I, Budilina DL, Tarabukina EB. Nud'ga LA. Saint Petersburg:
Chitin-glucan complexes. Physical-chemical properties and molecular
characteristics. Textbook; 2010.

16. Sari M, Prange A, Lelley J, Hambitzer R. Screening of 3-glucan contents
in commercially cultivated and wild growing mushrooms. Food Chem.
2017;216:45-51.

17. Mushroom and yeast 3-glucan assay procedure (K-YBGL 11/19). Mega-
zyme International Ireland Ltd.: 2019. https://www.megazyme.com/
documents/Booklet/K-YBGL_DATA pdf

18. Goryachkovskaya TN, Slynko NM, Peltek SE, Tatarova LE, Bryanskaya AV.
The method of complex processing of Fomitopsis officinalis Will. 2017.
Patent RU2619551. http://www.findpatent.ru/patent/261/2619551.html.

19. HahnT,Tafi E, Paul A, Salvia R, Falabella P, Zibek S. Current state of chitin
purification and chitosan production from insects. J Chem Techol Bio-
techol. 2020;95(11):2775-95.

20. Alvarado P, Moreno G, Vizzini A, Consiglio G, Manjén JL, Setti L. Atracto-
sporocybe, Leucocybe and Rhizocybe: three new clitocyboid genera in the
Tricholomatoid clade (Agaricales) with notes on Clitocybe and Lepista.
Mycologia. 2015;107:123-36.

21. Muzzarelli RAA, llari P, Tarsi R, Dubini B, Xia W. Chitosan from Absidia coeru-
lea. Carbohydr Polym. 1994,25:45-50.

22. Kanarskaya ZA. Obtaining and properties of chitin-glucan adsorbent from
mushroom biomass. Dissertation for the degree of candidate of technical
sciences. Kazan 2000. http://earthpapers.net/poluchenie-i-svoystva-hitin-
glyukanovogo-adsorbenta-iz-biomassy-gribovi#ixzz4vl7U8nEn. Accessed
04 Nov 2020.

23. Unrod VI, Solodovnik TV. Chitin- and chitosan-containing complexes
from mycelial fungi: receiving, properties and use. Biopolym Cell.
2001;17:526-33.

24. Versali M-F, Gautier S, Bruyere J-M, Clerisse F, Bornet A, Teissedre P-L,
Rouanet J-M. Cell wall derivatives, their preparation process, and use
thereof. Patent US20070299034A1. 2007.

25. Litvyak V. Chitin-Glucan-Complex: Production and properties. Science
and innovations. 2016. http://innosfera.by/node/3932. Accessed 04 Nov
2020.

26. Ekblad A, Nashom T. Determination of chitin in fungi and mycorrhizal
roots by an improved HPLC analysis of glucosamine. Carbohyd Res.
1996;178:29-35.

27. Sluiter A, Hames B, Ruiz R, Scarlata C, Sluiter J, Templeton D, Crocker D.
Determination of structural carbohydrates and lignin in biomass. Labora-
tory analytical procedure (LAP). U.S. Department of Energy. Technical
Report NREL/TP-510-42618. 2008, revised August 2012.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1186/s42269-019-0105-y
https://doi.org/10.1186/s42269-019-0105-y
https://doi.org/10.1080/08820139.2016.1180301
https://doi.org/10.1080/08820139.2016.1180301
https://doi.org/10.1016/j.ijbiomac.2007.10.005
https://doi.org/10.1016/j.ijbiomac.2007.10.005
http://www.ijrsset.org/pdfs/v6-i1/1.pdf
https://doi.org/10.5772/intechopen.71385
https://www.megazyme.com/documents/Booklet/K-YBGL_DATA.pdf
https://www.megazyme.com/documents/Booklet/K-YBGL_DATA.pdf
http://www.findpatent.ru/patent/261/2619551.html
http://earthpapers.net/poluchenie-i-svoystva-hitin-glyukanovogo-adsorbenta-iz-biomassy-gribov#ixzz4vI7U8nEn
http://earthpapers.net/poluchenie-i-svoystva-hitin-glyukanovogo-adsorbenta-iz-biomassy-gribov#ixzz4vI7U8nEn
http://innosfera.by/node/3932

	An approach to change the basic polymer composition of the milled Fomes fomentarius fruiting bodies
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Results
	Discussion
	Conclusions
	Methods
	Identification of species
	Assay to change the polymer composition in the milled Fomes fomentarius fruiting bodies
	Chitin and chitosan measurement
	Estimation of acetyl groups and degree of deacetylation
	Glucan measurements
	Statistical analysis

	Acknowledgements
	References




