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Pathogenic fungi, along with fires and insect pests, are among the most important factors affecting coniferous forests in 

Siberia. Conifers are attacked by fungi that cause stains and decay of wood. The decrease in quality and timber loss due to stain 

and decay caused by fungi can be significant. The early detection of fungi in wood allows taking preventive measures to reduce 

the potential threats caused by fungi in the forests. The mycelia of brown-rot (Fomitopsis betulina, Phaeolus schweinitzii) and 

white-rot (Trametes versicolor, Phellinus chrysoloma) fungi and mycelia extracts were studied using methods of pyrolysis-gas 

chromatography-mass spectrometry (Py-GC/MS) and GC/MS, respectively, to find out whether the chemical compounds can be 

useful as fungal markers. Py-GC/MS of mycelia showed pyrolysis products of glucans, chitin, chitosan, proteins, and lipids. 

Volatile organic compounds (VOCs) of mycelia extracts were represented by 14−28 individual volatile compounds: Phaeolus 

schweinitzii Phellinus chrysoloma Fomitopsis betulina Trametes versicolor. The presence of N-bearing compounds, 1-oc-

tene, 1-decanol among pyrolysis products of wood and some fungal VOCs emitted from wood may be indicative of fungi. The 

usefulness of the markers detected needs to be further confirmed by examining wood infected by these fungi. 
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Introduction 

Coniferous forests in Siberia are of great ecological and economic importance. At the same time, conifers 

are significantly affected by fungal pathogens. Fungal diseases cause massive decline and death of stands and sig-

nificant damage to timber. Losses of merchantable volume may reach up to 75%. Weakening and decline of infected 

trees usually results in bark beetle and wood-borer infestations [1]. Therefore, detection of fungal pathogens at early 

stage of wood damage allows taking preventive measures to reduce the potential threats caused by fungi in the 

forests. 

Fungi of Basidiomycota are largely responsible for degradation of wood in the forests. Wood-decaying Ba-

sidiomycota fungi of the systematic class Agaricomycetes have adopted unique strategies for decomposition of car-

bohydrates (hemicelluloses, cellulose) and lignin. White rot fungi are able to degrade all wood components by ex-

pression of carbohydrate active enzymes and various oxidoreductases. Agaricomycetes brown rot fungi can decom-

pose hemicelluloses and cellulose but cause only minor structural changes in lignin [2]. 

Upon fungal colonization of wood by hyphal extension, decomposition of carbohydrates and lignin may 

result in release of volatile organic compounds (VOCs) from wood or generated as fungal metabolites [2]. Fungi 

produce over 300 of volatile organic compounds comprising aliphatic and aromatic hydrocarbons, acids, esters, 

alcohols, ketones, aldehydes, phenols, thiols, which play role in the initiation and regulation of fungal interac-

tions [3]. The specific profile produced by each species or microbial consortium is influenced by environmental 

factors [4]. Several studies showed that fungal VOCs can be used as markers for the presence of fungi [5−7]. Guo 

et al. [3] confirmed that the distinct VOC patterns can predict trophic modes, (non)symbiotic lifestyle, substrate-use 

and host type of fungi. 

 
* Corresponding author. 



O.A. SHAPCHENKOVA, A.A. ANISKINA, N.V. PASHENOVA, S.R. LOSKUTOV 274 

Pyrolysis−gas chromatography−mass spectrometry (Py-GC/MS) has the advantages of being a fast, sensitive, 

one-step procedure and the ability to identify many structurally related compounds. Therefore, it has been success-

fully used to study the structure of complex organic macromolecular materials [8]. Approach to characterize micro-

organisms (bacteria, fungi) with analytical pyrolysis was used by Schwarziger [9], Melucci et al. [10], Wan et al. 

[11]. Application of analytical pyrolysis for microbial characterization is based on detecting chemical marker com-

pounds that are biological products from the microbial structure and unique in a group of organisms [12]. 

The aim of our work was to identify fungal markers from pyrograms of mycelia and VOCs profiles of wood-

decaying Basidiomycota fungi (Fomitopsis betulina (Bull.) B.K. Cui, M.L. Han & Y.C. Dai, Phaeolus schweinitzii 

(Fr.) Pat., Phellinus chrysoloma (Fr.) Donk, Trametes versicolor (L.) Lloyd) common in boreal forests of Siberia. 

Materials and methods 

Sample preparation. Four cultures of Basidiomycota (Basidiomycetes) class Agaricomycetes: the order Pol-

yporales species F. betulina, P. schweinitzii, T. versicolor and P. chrysoloma from the order Hymenochaetales were 

used. The cultures were isolated by staff of V.N. Sukachev Institute of Forest from woods and are maintained in the 

collection on beer wort agar (2° sugar content according to Balling). 

The growth of fungal biomass was carried out on liquid beer wort (sugar content 2°B) in a stationary culture. 

Each culture was grown in 4 replicates. Cultivation was carried out in the dark at a constant temperature of 24 °C 

for 45 days. Biomass was collected and washed five times with distilled water by filtration through technical capron 

(P. chrysoloma, T. versicolor) or by centrifugation at 5000 rpm for 10 min (F. betulina, P. schweinitzii). The col-

lected biomass was frozen at (-18 °C). Four replicates were combined into a common sample for each culture. My-

celia samples were crushed in liquid nitrogen to get a homogeneous mass then dried at 50 °C. The dried samples 

were again pulverized in a mortar, avoiding heating, to a fine powder. The powered samples have been analysed by 

Py-GC/MS. 

We used solvent-based extraction method. The resulting solution contains dissolved fungal volatile metabo-

lites. Ca 10 mg of each powered mycelium sample was extracted with 50 ml of pentane (≥99%, Panreac) over a 

week. Then, each of the extracts was further subjected to gas chromatography–mass spectrometry (GC/MS) analysis 

to identify VOCs of studied fungi. 

Pyrolysis-gas chromatography-mass spectrometry (Py-GC/MS). The pyrolysis products of mycelia were de-

termined using EGA/PY-3030D pyrolyzer (Frontier Laboratories) and GCMS-QP2020 (Shimadzu, Japan). Pyroly-

sis was carried out at 600 °C, sample mass ~70−95 µg. A capillary column Ultra ALLOY-5 with a length of 30 m, 

inner diameter 0.25 mm, thickness of the liquid phase layer (5% biphenyl, 95% dimethylpolysiloxane) 0.25 μm was 

used with a temperature program from 50 °C (held for 10 min) to 240 °C at 5 °C/min, from 240 to 300 °C (held for 

5 min) at 10 °C/min. The injector temperature was 250 °C. Injection mode was split (1 : 50 split ratio) and gas carrier 

was helium at 1.0 mL/min flow rate. The mass spectrometer ion source was set to 250 °C and the interface to 300 °C, 

scan range was from 40 to 550 m/z. The identification of pyrolysis products was based on match with the NIST 

mass spectra library (2017) and literature data. The compounds identified with more than 90% quality (as estimated 

by the software comparing library and measured mass spectra) are presented. 

Gas chromatography-mass spectrometry (GC/MS). GC-MS analysis was carried out using «Agilent 5975С-

7890А» equipped with an HP-5ms column (5%-phenyl-methylpolysiloxane; length 30 m; inner diameter 0.25 mm; 

film thickness 0.25 m). The injection volume was 0.2 L. The carrier gas was helium with a constant flow rate of 

1 mL/min. The temperature of GC oven was initially held at 50 C for 2 min. Thereafter, the temperature was 

increased from 50 to 200 °C at the rate of 4 °C/min, then to 220 °C at the rate of 10 °C/min, holding for 10 min. The 

temperature of injector was 280 °C. Volatile organic compounds were identified using the National Institute of 

Standards and Technology Mass Specral Library (NIST05а. L), Automated Mass Spectral Deconvolution and Iden-

tification System (AMDIS), and by comparison of the Kovats retention indices. The compounds with 90% or greater 

spectral matching accuracy are reported. 

Results and discussion 

Pyrolysis-gas chromatography-mass spectrometry (Py-GC/MS). The brown-rot (F. betulina, P. schweinitzii) 

and white-rot (T. versicolor, P. chrysoloma) fungi are common representatives of wood-decaying fungi communities 

in boreal forests of Siberia [1]. P. schweinitzii is a plant pathogen that causes butt rot in living trees; a saprobe on dead 
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trees, stumps and logs. P. chrysoloma causes white pocket rot in both living and dead coniferous trees. T. versicolor 

and F. betulina grow mainly as saprophytes on dead trees and occasionally as parasites of living trees [13−16]. 

The fungal cell wall consists of glucans, chitin, and glycoproteins. Glucans are the major structural polysaccha-

rides comprising around 50–60% of the cell wall by dry mass. Chitin is considered as the second most abundant poly-

mer in the fungal cell wall. The amount of chitin in fungi is variable, ranging from 1−2% to 10−20%. Glycoproteins 

constitute 20–30%. Lipids are found in fungi as major constituents of the membrane systems and minor components 

in the cell wall [17, 18]. It has been reported that Basidiomycetes can contain not only chitin but also chitosan in their 

cell walls [19]. Mario et al. [20] isolated chitinous material from the mycelium of seven Basidiomycetes species and 

found that the yield of chitin ranged from 8.5 to 19.6% dry weight and the yield of chitosan was about 1%. 

Pyrograms of mycelia of F. betulina, P. schweinitzii, P. chrysoloma, T. versicolor fungi produced compounds 

resulting from the thermal decomposition of polysaccharides (glucans, chitin), proteins, lipids. The relative abun-

dance of pyrolysis products provides information about chemical composition of fungi. The list of compounds iden-

tified on the pyrograms is shown in Table 1. The identified compounds accounted for 82−91% of the total area of 

the recorded peaks. Pyrolysis products were further grouped based on the precursors, which are the main constituent 

components of fungi [21]. 

All pyrograms are dominated by compounds with a polysaccharide origin. The peaks derived from polysaccha-

rides are issued mainly from glucans and chitin. The dominant pyrolysate in all pyrograms was levoglucosan (17−51%). 

Levoglucosan (1,6-anhydro-β-D-glucopyranose) is a characteristic anhydrosugar produced by pyrolysis of glucans 

[22]. Other compounds such as furfural, 1,4:3,6-dianhydro-alpha-d-glucopyranose, and 1,6-anhydro-beta.-d-gluco-

furanose were also present in appreciable amounts. T. versicolor was characterized by the highest content of levoglu-

cosan. Therefore, very likely T. versicolor contains the highest amount of glucans among the studied fungi. 

Most of polysaccharide-derived products listed in Table 1 can be also generated during wood pyrolysis. They 

originate from cellulose and hemicelluloses [23]. Thus, polysaccharide-derived products originating from mycelia 

of fungi cannot be well distinguished from those derived from wood with pyrolysis and cannot be useful to detect 

fungal infections in wood. 

Protein pyrolysis products are represented by isobutyronitrile, 3-methylbutanenitrile, phenols, styrene and 

others. N-bearing compounds such as pyrrole, pyridine and their derivatives may originate from pyrolysis of both 

proteins and chitin, chitosan. The pyrogram of T. versicolor showed both the smallest number and proportions of 

individual compounds of strictly protein origin. In contrast, a significant contribution of 4-methylphenol, phenol, 

styrene has been found after pyrolysis P. chrysoloma mycelium. The pyrolysis products such as toluene, styrene, 

phenol, 4-methylphenol, indole, pyridine, pyrrole are indicative of amino acids as tryptophan, phenylalanine, tyro-

sine, proline, hydroxyproline, glutamine, alanine [21]. It is worth noting that phenols and styrene are also formed 

during wood pyrolysis [23]. Generally, proteins can have not been considered to be important components of wood. 

The concentration of total nitrogen in the wood is 0.03−0.1% by dry weight [24]. Therefore, N-bearing compounds 

can be used as markers for the presence of fungi. 

Pyrolysates formed during pyrolysis of chitin and chitosan, in addition to pyrrole, pyridine and their derivatives, 

are represented by compounds such as methyl 2-(acetylamino)-2-deoxy-alpha-D-galactopyranoside, 2-pyridinecarbox-

aldehyde and methylpyrazine. Many compounds characteristic of chitin, chitosan were not found for T. versicolor 

whereas they were abundant for P. chrysoloma. The compounds 1-octene and 1-decanol are derived from the degrada-

tion of fatty acids and lipids [25]. They were found in the pyrolysates of the fungi F. betulina, P. schweinitzii, P. 

chrysoloma but not T. versicolor. Pyrolysis products of chitin and lipids may be indicative markers of fungi in wood. 

Gas chromatography-mass spectrometry (GC/MS). The chromatograms of the mycelia extracts showed from 

14 to 28 individual volatile compounds (peaks): P. schweinitziiP. chrysolomaF. betulinaT. versicolor. Identified 

compounds are listed in Table 2. They counted 69.8–99.8% of the total area of all recorded peaks. The volatile 

compounds were classified into following types of compounds: monoterpenes, triterpenes, aromatic monoterpe-

noids, alkanes, fatty acids, fatty acid esters, polycyclic aromatic hydrocarbons (PAHs), Si-containing compounds, 

phenols, bicyclic heterocycles, steroids. 

The composition of VOCs from the mycelium extract of P. schweinitzii was dominated by fatty acids (oleic 

acid, palmitic acid) and linoleic acid ethyl ester together representing ca. 57% of the total peak area. (E)-9-octade-

cenoic acid ethyl ester was characteristic for P. schweinitzii. Fatty acids and their derivatives as components of 

fungal VOCs have been reported in literature [26]. Johnathan [27] found that the volatile compounds from the fatty 

acid group were the most predominant in hexane extract of Lignosus rhinocerus "Tiger milk mushroom". 
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Table 1. Relative abundance (percent peak areas) of micelia pyrolysis products 

Compound Origin F. betulina P. schweinitzii P. chrysoloma T. versicolor 

1 2 3 4 5 6 

Glucans, chitin and/or chitosan 

Acetaldehyde Gl, Ch 5.24 2.70 4.35 2.78 

1-Propen-2-ol, acetate Gl 6.33 4.03 10.19 5.32 

1,3-Cyclopentadiene Gl 0.13 0.14 0.26 0.20 

Propanal, 2-methyl- Gl 0.24 0.34 0.03 0.02 

Furan, 2,3-dihydro- Gl 1.83 0.49 1.15 0.91 

Acetic acid Gl, Ch 4.09 2.28 2.68 1.63 

Furan, 2-methyl Gl 1.39 0.68 0.31 0.83 

Butanal, 3-methyl- Gl, Pr 1.55 0.76 0.86 0.72 

2-Propanone, 1-hydroxy- Gl, Ch 1.19 1.06 2.30 1.27 

Cyclopentane, ethyl- Gl 0.46 0.34 0.09 − 

Furan, 2,5-dimethyl- Gl 1.35 0.99 0.63 0.48 

2-Vinylfuran Gl 0.28 0.25 0.23 0.05 

Acetic acid, (acetoxy)- Gl − − 0.77 0.27 

Propanoic acid, 2-oxo-, methyl ester Gl, Ch 0.34 0.35 1.13 0.36 

Furan, 2-ethyl-5-methyl- Gl 0.17 − − 0.05 

3-Furaldehyde Gl − 0.12 0.27 0.11 

Furfural Gl 1.08 1.2 1.51 1.27 

3-Furanmethanol Gl 0.51 0.31 0.83 0.40 

2(3H)-Furanone, 5-methyl- Gl 0.09 0.11 0.09 − 

4-Cyclopentene-1,3-dione Gl − − 0.14 0.05 

4-Cyclopentene-1,3-dione Gl 0.37 0.36 0.17 0.11 

2-Cyclopenten-1-one, 2-methyl Gl 0.14 0.11 0.10 0.05 

Hexanal, 3-methyl- Gl? 0.22 0.26 1.06 0.67 

1,2-Cyclopentanedione Gl, Ch 1.19 1.36 2.08 1.10 

2-Furanmethanol, 5-methyl- Gl − 0.31 − − 

2,5-Furandione, dihydro-3-methylene- Gl 0.19 0.08 0.13 0.10 

2-Furancarboxaldehyde, 5-methyl- Gl 1.00 0.89 0.30 0.56 

Oxazolidine, 2,2-dietyl-3-methyl- Gl 0.27 0.37 0.46 0.37 

1,2-Cyclopentanedione, 3-methyl- Gl, Ch 0.43 0.4 0.62 0.33 

Furaneol Gl 0.65 0.66 0.47 0.54 

Maltol Gl − 0.24 0.16 0.20 

4H-Pyran-4-one, 5-hydroxy-2-methyl- Gl 0.22 0.22 0.21 0.26 

4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- Gl 0.29 0.37 0.11 0.17 

4H-Pyran-4-one, 3,5-dihydroxy-2-methyl- Gl 1.24 − − 1.19 

1,4:3,6-Dianhydro-alpha-d-glucopyranose Gl 1.36 1.59 1.30 0.93 

Benzofuran, 2,3-dihydro- Gl − 2.99 −  

2,3-Anhydro-d-mannosan Gl 0.23 0.39 0.38 0.21 

Levoglucosan Gl 16.91 29.95 16.50 50.63 

Alpha-D-Glucopyranose, 4-O-beta-D-galactopyra-

nosyl- (alpha-d-Lactose) 

Gl − 0.49 0.80 1.11 

1,6-Anhydro-beta.-D-glucofuranose Gl 1.11 1.93 − 2.78 

Alpha-D-Galactopyranoside, methyl 2-(acetylamino)-

2-deoxy- 

Ch 1.29 2.04 4.17 − 

Proteins, chitin and/or chitosan 

Isobutyronitrile (2-methylpropanenitrile) Pr 0.57 0.08 0.15 − 

Butanenitrile, 3-methyl Pr − − 0.10 − 

N,N,-Dimethylaminoethanol Pr, Ch? 0.58 1.01 − − 

Pyridine Pr, Ch 0.17 0.24 0.56 0.08 

Pyrrole Pr, Ch 0.44 0.35 0.21 0.15 

Toluene Pr, Gl 1.72 2.90 1.05 0.17 

N-methyl-L-proline, butyl ester Pr 0.71 1.12 1.38 0.82 

Pyridine, 2-methyl- Pr, Ch 0.17 0.19 0.18 − 

Pyrazine, methyl- Ch 0.19 0.29 0.26 − 

1H-Pyrrole, 2-methyl- Pr, Ch 0.48 0.50 0.28 − 

1H-Pyrrole, 3-methyl- Pr 0.13 0.20 0.20 − 

Styrene Pr 0.18 0.49 0.82 0.01 
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End of table 1 

1 2 3 4 5 6 

Pyridine, 3,4-dimethyl- Pr − 0.05 − − 

2-Pyridinecarboxaldehyde Ch − 0.17 0.32 − 

4-Methyl-2-oxo-(1H)-pyrimidine Pr 0.66 0.77 0.87 0.40 

Phenol Pr, Gl 0.23 0.33 1.98 0.08 

2-Methylphenol Pr − 0.08 0.34 − 

4-Methylphenol Pr 0.84 0.64 2.25 0.30 

1H-Pyrrole, 2,5-dihydro-(Pyrroline) Pr − − 1.02 − 

Phenol, 2,5-dimethyl- Pr − 0.26 0.37 − 

Phenol, 2-ethyl- Pr − − 0.38 − 

Indole Pr 0.27 0.50 0.29 − 

2(1H)-Pyridinone, 1-methyl- Ch? − 0.71 0.85 0.12 

Lipids 

1-Octene Lp 0.30 0.21 0.20 − 

1-Decanol Lp 0.20 0.66 0.12 − 

D-Limonene Lp? − 0.14 − − 

2-Propenoic acid, 2-methyl-, octyl ester Lp 0.48 0.41 0.30 − 

Nonspecific 

Carbon dioxide  20.64 12.72 14.27 10.41 

Note: Gl − glucans, Pr − proteins, Lp − lipids, Ch − chitin, chitosan, − means not detected 

Table 2. VOCs detected in the mycelia extracts 

Compound name 
Time, 

min 

Peak area, % 

Types F. bet-

ulina 

P. schwei-

nitzii 

P. 

chrysoloma 

T. ver-

sicolor 

a-Pinene 7.52 − − − 0.937 Monoterpenes 

Cyclotetrasiloxane, octamethyl- 9.74 2.964 0.543 5.859 0.107 Si-containing compounds 

Undecane 11.7 4.382 0.732 5.122 1.405 Alkanes 

Undecane, 4,7-dimethyl- 13.28 0.275 0.267 1.342 0.444 Alkanes 

Cyclopentasiloxane, decamethyl- 15.28 0.396 0.092 1.469 − Si-containing compounds 

Benzothiazole 17.30 − 0.181 − 1.187 Bicyclic heterocycles 

Sulfurous acid, hexyl octyl ester 19.49 1.692 0.298 2.0 0.583 Esters 

Thymol 19.95 28.98 3.553 33.674 2.819 Aromatic monoterpenoids 

Cyclohexasiloxane, dodecamethyl- 21.19 − 0.288 2.44 − Si-containing compounds 

Cycloheptasiloxane, tetradecamethyl- 26.60 − 0.457 3.028 − Si-containing compounds 

Phenol, 2,4-bis(1,1-dimethylethyl)- 26.92 2.308 0.485 2.976 0.799 Phenols 

Fluorene 28.83 − 0.119 4.12 − PAHs 

Phenanthrene 34.22 15.526 0.567 3.005 0.759 PAHs 

n-Hexadecanoic acid (palmitic acid) 38.94 12.943 9.841 17.222 0.717 Fatty acids 

Oleic Acid 42.47 0.331 35.248 − − Fatty acids 

Linoleic acid ethyl ester 42.82 − 12.315 2.592 − Fatty acid esters 

(E)-9-Octadecenoic acid ethyl ester 42.93 − 4.859 − − Fatty acid esters 

3,5-Cyclo-6,8(14),22-ergostatriene 49.77 − − − 13.007 Steroids 

Squalene 50.88 − − − 76.991 Triterpenes 

The mycelium extract of P. chrysoloma yielded relatively high amounts of thymol, palmitic acid, Si-contain-

ing compounds, and undecane together accounting for ca. 69% of the VOCs peak area. The high relative content of 

thymol was unexpected. Thymol is a monoterpene phenol usually found in the essential oil of plants. The antibac-

terial and antifungal activities of thymol have been reported [28]. It is likely that the high abundance of thymol in 

VOCs from the mycelium extract of P. chrysoloma may be due to the fact that fungi can exhibit antagonistic activ-

ities against other microorganisms. In previous studies, Si-containing compounds and undecane in the volatile com-

position of fungi were reported [29]. Si-containing compound as octamethylcyclotetrasiloxane demonstrated anti-

bacterial and antifungal activities [30]. Undecane was described to have nematicidal activity [31]. 

The predominate volatiles detected in the mycelium extract of F. betulina were thymol, phenanthrene, pal-

mitic acid together represented ca. 57% of the total peak area. PAHs, including phenanthrene, have been previously 

detected in VOCs of hexane extracts from mycelia of Trametes pubescens and Flammulina velutipes [32]. PAH 

such as naphthalene is known as an effective insect repellent. Daisy et al. [33] suggested that role of naphthalene in 
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endophytic fungus Muscodor vitigenus may be related to its ability to inhibit some types of fungal proliferation, thus 

providing the endophyte with the capability to ward off competitors in its natural environment. The fact that PAHs 

are synthesized by some fungi also explains their ability to eliminate these compounds from the environment [32]. 

The presence of high relative contents of triterpene squalene (77%) and 3,5-cyclo-6,8(14),22-ergostatriene 

(13%) in VOC composition was characteristic for T. versicolor. Among studied fungi, only T. versicolor produced 

monoterpene (-pinene). It is worthwhile to note that T. versicolor showed the lowest content of palmitic acid. The 

volatile composition of T. versicolor mycelium has been studied by Guo et al. [3]. Carbonyl compounds, alkenes, 

fatty acids, alcohols, monoterpenoids, sesquiterpenoids and others were detected. In our study, the mycelium extract 

of T. versicolor did not show a large diversity of compounds compared to the literature data. Squalene is a key 

intermediate for the production of triterpenoids in plants, bacteria and fungi. Squalene has been reported for the 

mycelia extracts of Trametes pubescens and Flammulina velutipes [32]. 3,5-Cyclo-6,8(14),22-ergostatriene is a ster-

oid. Steroids occupy an important place among fungal constituents. The vast majority of them are ergosterol metab-

olites. Ergosterol is the main sterol of fungi involved in the regulation of membrane fluidity and structure [34]. 

Other notable VOCs of the mycelia extracts were phenol, 2,4-bis(1,1-dimethylethyl)- and benzothiazole. F. 

betulina and P. chrysoloma showed significantly higher abundance of phenol, 2,4-bis(1,1-dimethylethyl)- compared 

to P. schweinitzii and T. versicolor. Benzothiazole was detected only for T. versicolor (1.2 %) and P. schweinitzii 

(0.2%). Phenol-2,4-bis (1,1-dimethylethyl)- is a common toxic secondary metabolite produced by various groups of 

organisms including fungi [35]. 

Wood releases a low amount of VOCs, among which the most common are terpenes, aliphatic aldehydes and 

organic acids. Softwoods emit the highest concentrations of wood VOCs consisting mainly of terpenes (70−90%) 

and hexanal, acetic acid (10−25%). Emissions of VOCs from hardwoods are much lower (ca. 50 times) and include 

hexanal, pentanal, acetic acid, other VOCs, but not volatile terpenes [36]. Considering this fact, we suggest that fatty 

acids (palmitic acid, oleic acid), linoleic acid ethyl ester, Si-containing compounds (octamethyltetrasiloxane), un-

decane, phenanthrene, 3,5-cyclo-6,8(14),22-ergostatriene can be considered as marker compounds the early detec-

tion of fungi in wood. 

Conclusion 

In the present work, we characterized mycelium pyrolysis products and VOC profiles of the mycelia extracts 

from F. betulina, P. schweinitzi, T. versicolor, P. chrysoloma. The obtained results indicated differences in chemical 

composition of wood-decaying fungi common in Siberia. We suggested that such pyrolysates as pyridine, pyrrole 

and their derivatives, methyl-2-(acetylamino)-2-deoxy-alpha-D-galactopyranoside, 2-pyridinecarboxaldehyde, 

methylpyrazine, 2-methylpropanenitrile, 3-methylbutanenitrile, 1-octene, 1-decanol, and VOCs such as fatty acids 

(palmitic acid, oleic acid), linoleic acid ethyl ester, Si-containing compounds (octamethyltetrasiloxane), undecane, 

phenanthrene, 3,5-cyclo-6,8(14),22-ergostatriene can be considered as marker compounds for early detection of 

fungi in wood. This is the first step and the usefulness of the markers detected needs to be confirmed by examining 

wood infected by these fungi. 
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