Arch Biol Sci. 2024;76(3):257-265 https://doi.org/10.2298/ ABS240523018K

Evaluation of Fomitopsis betulina strains for growth on different media and
exopolysaccharide production

Tetiana Kizitska', ©®Victor Barshteyn', ®Mustafa Sevindik*?, and Tetiana Krupodorova*

'Department of Plant Foods and Biofortification, Institute of Food Biotechnology and Genomics of the National Academy of
Sciences of Ukraine, 2a Baidy-Vyshnevetskoho Str, 04123, Kyiv, Ukraine

*Department of Biology, Engineering and Natural Sciences Faculty, Osmaniye Korkut Ata University, 80000, Osmaniye, Tiirkiye
*Department of Life Sciences, Western Caspian University, 31 Istiglaliyyat Str, 1001, Baku, Azerbaijan

*Corresponding author: krupodorova@gmail.com

Received: May 23, 2024; Revised: June 18, 2024; Accepted: June 20, 2024; Published online: July 2, 2024

Abstract: Fomitopsis betulina is a widespread macromycete with valuable medicinal potential. This study screened 22 dif-
ferent E betulina strains for mycelial growth on various media and exopolysaccharide production. Strain-specific features
of E betulina growth and exopolysaccharide production on different media were observed. Variations in the growth rate of
the studied strains ranged from 3.50+0.33 to 8.75+0.50 mm/day, biomass synthesis from 2.28+0.26 to 13.72+0.05 g/L, and
exopolysaccharide production from 0.02+0.00 to 2.20+0.31 g/L. Maltose as a carbon source in malt extract agar (MEA)
and malt extract broth (MEB) was the most suitable for the growth, while dextrose and starch as carbon sources in potato
dextrose broth (PDB) were more suitable for exopolysaccharide production. The E betulina 311 strain has significant bio-
technological potential, demonstrated by its robust growth on different agar media, efficient biomass synthesis, and high
production of extracellular biopolymers. Our results highlight the significance of different growth media and fungal strains
in optimizing biomass and exopolysaccharide production.
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INTRODUCTION

Fungi cultivation is one of the most economically im-
portant industrial and biotechnological sectors that
has expanded significantly worldwide. Among brown
rot basidiomycetes, the polypore fungus Fomitopsis
betulina (Bull.) B. K. Cui, M. L. Han & Y. C. Dai (birch
polypore) has been used in folk medicine for years
[1-6]. Since ancient times, its fruit body powder has
been well-known in different countries for its anti-
septic, antimicrobial, blood clotting, and painkiller
properties [1,2,7,8]. E betulina has antiparasitic and
immunoenhancing applications and is used for treat-
ing stomach disorders [6].

The fruiting bodies of E betulina contain bioactive
substances with valuable therapeutic properties. Most
attention has been paid to studying its anticancer [1,9-
14] and antimicrobial [15-21] activities. Additionally,
research has focused on its anti-inflammatory
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properties [6,11]. Some activities, such as antioxidant
[22], wound-healing [23], and immune-enhancing
[24], have been studied fragmentarily. The biological
activity of this polypore fungus is mainly attributed
to triterpenoids [6,12,16,25]. Scientists have also fo-
cused on polyporenic acids [6,12,13,21] and pheno-
lic compounds [11]. Despite polysaccharides being
one of the most important compounds responsible
for the therapeutic activities of mushrooms, glucans
have been studied only sporadically [22,23,26].

Most studies have been conducted on the fruiting
bodies of E betulina, with fewer focusing on its my-
celium and liquid culture. Some studies have been
devoted to E betulina mycelial growth: morphological
and cultural properties of E betulina on agar media
[27,28], the influence of some basic cultivation con-
ditions and ultraviolet C irradiation on FE. betulina
growth [19,20], and the effect of different carbon
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and nitrogen sources, as well as medium pH, on the
growth of 11 E betulina strains [29].

Currently, E betulina is the subject of research by
mycologists, biotechnologists, and pharmacologists
due to its established medicinal properties. Research
with pure cultures not only deepens the understand-
ing of their nutritional, chemical, and environmental
requirements for growth and metabolism but also
facilitates the discovery and identification of new
compounds and activities. The practical implemen-
tation of mycobiotechnologies requires a scientifically
based selection of promising producer strains and ex-
panded knowledge about their growth and metabolite
synthesis. Since metabolites are produced in varying
amounts depending on the culture conditions, study-
ing in vitro culture conditions to optimize their pro-
duction is relevant and of great practical importance.
However, limited information on the stimulatory ef-
fects of the culture medium on the growth and me-
tabolite production of E betulina has been reported in
the literature. It is important to note that the growth
of mycelium and the synthesis of metabolites signifi-
cantly depend on the strain of the fungus [30-32].
Therefore, this study aimed to screen 22 different F.
betulina strains for mycelial growth on various media
and exopolysaccharide production.

MATERIALS AND METHODS

Ethics statement

This research does not involve any ethical issues.
Nomenclature

The fungus used in the present study was Fomitopsis
betulina (Bull.) B. K. Cui, M. L. Han & Y. C. Dai (birch
polypore), a member of the Fomitopsidaceae family.
Fungal cultures

Twenty-two E betulina strains were examined in this
study. All strains (designated E betulina 311, 327, 978,
988, 989, 2269, 2290, 2363, 2364, 2366, 2399, 2770,

2771,2772,2773,2774, 2775, 2776, 2777, 2778, 2785,
and 2786) were generously provided by the Mushroom
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Culture Collection of the M.G. Kholodny Institute of
Botany (IBK) of the National Academy of Sciences
of Ukraine [33]. All cultures were maintained on the
malt extract agar (MEA, Thermo Fisher Scientific,
USA) slants at 4°C.

Culture media and cultivation conditions

Potato dextrose agar (PDA; Difco, USA), Sabouraud
dextrose agar (SDA; HiMedia Pvt Limited, Mumbai,
India), MEA, and glucose peptone yeast agar (GPYA)
contained g/L: 25 g glucose (Lycadex® PF, France), 3
g yeast extract (Conda, Spain), 2 g peptone (Conda,
Spain), 1 g K HPO, (Hebei Ruisite Technology Co.,
Ltd, China), 1 g KH,PO, (Haifa Group, Israel), 0.25
g MgSO, x7H,O (Poluks Group, Poland), and 20 g
agar (Conda, Spain). The following 4 media without
agar: potato dextrose broth (PDB), malt extract broth
(MEB), Sabouraud dextrose broth (SDB), and glucose
peptone yeast broth (GPYB) were used as liquid media
for surface liquid static cultivation. All prepared media
were autoclaved for 15 min at 121°C. The mycelium
of each F betulina strain was transferred from slants
to GPYA Petri dishes and then incubated in the dark
at 25°C with ventilation for 10 days. Inoculum (1 my-
celial disk 7 mm in diameter from 10-day cultures of
E betulina strains) was added to the plates containing
a specific medium and incubated at 25°C until the
medium in the Petri dish was completely covered with
the strain mycelium. Inocula (3 mycelial disks 7 mm
in diameter from 10-day cultures of E betulina strains)
were added to the flasks with a specific medium and
incubated at 25°C for 14 days.

Growth and biomass assay

The growth of fungal strains on agar media was mea-
sured by the radial growth rate (RGR, mm/day) ac-
cording to the following equation [34]:

(R2-R1)

RGR = (t2-t1)’

where RGR is the radial growth rate, R2 is the colony
radius at the end of the linear growth phase in mm,
R1 is the colony radius at the beginning of the linear
growth phase in mm, and t2-t1 is the duration of the
linear growth phase in days.
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Fig. 1. Effect of media on Fomitopsis betulina strains: A - radial growth rate, B -
biomass production, C - exopolysaccharide production. GPYA - glucose peptone
yeast agar, SDA - Sabouraud dextrose agar, PDA - potato dextrose agar, MEA —
malt extract agar, GPYB - glucose peptone yeast broth, SDB - Sabouraud dextrose
broth, PDB - potato dextrose broth, MEB - malt extract broth. Data are expressed
as the mean+SD (n=3).

The growth of fungal strains in liquid media was
quantified by measuring biomass and expressed as
gram dry weight (dw) per liter (g/L). Mycelia grown
in liquid medium were separated from the medium
by filtration using Whatman N 4 filter paper, washed
twice with distilled water, and dried at 85°C to con-
stant weight.
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an overnight at 4°C, the mixture was
separated by centrifugation at 7,245xg
for 10 min. The precipitate was then
collected, dialyzed against water, and
dried at 60°C. The crude EP content
in the precipitate was examined by the
phenol-sulfuric acid method [35], with
glucose used as a reference.

Statistical analysis

All experiments were performed three
times for each variant. Values were ex-
pressed as the means+tstandard devia-
tion. An analysis of variance (ANOVA)
was performed to test for significance
between variables using one-way
ANOVA, calculated with Statistica
11.5 (StatSoft Inc., USA), followed by
Tukey’s HSD test. Differences were
considered significant at P<0.05.

RESULTS

The study screened 22 different E betu-
lina strains for mycelial growth on vari-
ous media and EP production.

Growth on agar media

The influence of each medium on the
growth of E betulina strains was estab-
lished, with the growth rate varying
from 3.50+0.33 to 8.75+0.50 mm/day
(Fig. 1A). GPYA supported the maxi-

mal growth rate of E betulina 2786 (7.25+0.12 mm/
day). SDA and PDA promoted the best growth of E
betulina 2366 (7.25+0.40 and 8.06+0.00 mm/day;, re-
spectively), while MEA was best for E betulina 2775
growth (8.75£0.50 mm/day). The lowest growth rates
on all tested media were observed in only one strain

- E betulina 2778. One particular medium proved

Exopolysaccharides assay

more suitable for the growth of most strains (59.09%).

Specifically, 11 strains (50%) showed optimal growth

After biomass separation, the culture broth was evalu-
ated on exopolysaccharide (EP) production. EPs were
obtained by precipitation with 95% ethanol, applied
in a 1:4 (v/v) ratio of supernatant to ethanol. After

on MEA, E betulina 2773 thrived on SDA, and E. betu-
lina 2366 exhibited the best growth on PDA. Some
strains (27.27%) were able to grow at the same rate on
different media: on SDA and MEA - E betulina 2785,
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on PDA and MEA - E betulina 989, 2771, 2778, on
PDA and SDA - F. betulina 2399, on GPYA and SDA
—F betulina 989. It should be noted that some strains
showed equal growth rates on three tested media: F
betulina 311 and 2777 on GPYA, SDA, and PDA, and
F betulina 978 on GPYA, SDA, and MEA.

Growth on liquid media

All tested liquid media were suitable for biomass pro-
duction of E betulina strains (Fig. 1B). The amount of
obtained mycelial biomass significantly varied from
2.28+0.26 to 13.72+0.05 g/L depending on the media
and used strain after 14 days of growth. GPYB and
SDB media supported maximum mycelium biomass
for E betulina 311 (9.06+0.01 and 12.44+0.06 g/L,
respectively); PDB and MEB provided maximum
growth of E betulina 2290 (9.98+0.02 and 13.72+0.05
g/L, respectively). Of the 4 tested media, MEB was the
best medium for biomass production for most stud-
ied strains (72.73%) whereas SDB was favorable for
strains 311 and 2771. Certain strains were adapted to
grow in different media producing the same amount
of biomass: strains 327 and 2269 in MEB and SDB;
growth: strain 2363 in SDB, PDB, MEB; cultivation:
strain 2773 in GPDB, SDB, MEB.

EP production

Our results indicated that studied E betulina strains
were capable of producing EPs when grown in all used
media (Fig. 1C). EP formation varied from 0.02+0.00
to 2.20+0.31 g/L depending on the culture medium
and the strain used on day 14 of growth. GPYB was
the most suitable medium for achieving maximum EP
production in E betulina 2399 (0.23+0.10 g/L). For E
betulina 311, SDB was optimal (2.20+0.31 g/L). PDB
and MEB yielded the highest EP formation in E betu-
lina 2269 (1.68+0.40 g/L) and 2770 (1.28+0.41 g/L),
respectively. Of the 4 tested media, the lowest EP con-
tent was observed during cultivation in GPDB. One
particular medium proved more favorable for EP pro-
duction in a majority of strains (54.54%): MEB was ef-
fective for strains 978, 2770, and 2775; PDB for strains
988, 989, 2269, 2366, 2399, 2774, and 2777; and SDB
for strains 311 and 2290. Some strains (36.36%) were
capable of producing the same EP content in different
media. This trend was observed for strains 2363, 2772,
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2773, and 2778 in SDB and PDB; for strains 2776 and
2785 in SDB and MEB; for strains 2771 and 2786 in
PDB and MEB. EP synthesis in F betulina 327 and
2364 did not show statistically significant differences
across three cultural media (SDB, PDB, and MEB).

We investigated the potential correlation between
biomass and EP production of the studied strains
grown in different media. Pearson’s correlation coef-
ficient values are presented in Table 1. Our results
showed a positive correlation between biomass and
EPs in 2 media, SDB and MEB. This correlation is
weak (R=0.32 and 0.38) according to the scale pro-
posed by Evans [36].

Table 1. Pearson’s correlation coefficient (R) between fungal
biomass and EP production in studied Fomitopsis betulina strains

Biomass
Media GPYB SDB PDB MEB
EPs -0.27754 | 0.324725 | -0.05111 0.381848

GPYB - glucose peptone yeast broth, SDB - Sabouraud dextrose broth,
PDB - potato dextrose broth, MEB — malt extract broth,
EPs - exopolysaccharides.

Variations in the growth rate, biomass synthesis,
and EP production of the studied strains have been
established. Agar and liquid media based on malt ex-
tract provided the maximum growth effect for most
strains, while liquid potato dextrose medium was
more suitable for EP production. The F. betulina 311
strain has biotechnological potential attributed to its
growth ability on different agar media, biomass syn-
thesis capability, and highest EP production.

DISCUSSION

There is a growing interest in studying F. betulina
fruiting bodies to find a new source of valuable bio-
logically active metabolites with a wide range of ben-
eficial effects. However, there needs to be more infor-
mation in the scientific literature about the growth
and physiological characteristics of F. betulina strains.
This work focuses on the strain-specific features of F.
betulina growth in different media and EP produc-
tion. Our results illustrate the diverse growth capa-
bilities of the studied E betulina strains on the media
used. The growth rate is a crucial characteristic of
fungi that should be considered when evaluating the
biotechnological potential of a culture. The growth
characteristics of mycelia can be determined as the
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mycelial growth rate (GR) and the average growth
rate (GR ) [37-39] or as radial growth rate (RGR
or Vr) [34,40,41]. The 22 strains of F. betulina exam-
ined were capable of growth, with some variations
depending on the agar media used: RGR=3.50-7.25
mm/day (GPYA), RGR=3.69-7.25 mm/day (SDA),
RGR=3.83-8.06 mm/day (PDA), RGR=3.80-8.75 mm/
day (MEA). Slightly better results were observed when
the growth characteristics of 11 strains of E betulina
were studied [33]. Their growth was recorded on 4
agar media as follows: Vr=4.1-7.2 mm/day (GPYA),
Vr=4.6-7.5 mm/day (beer agar), Vr=5.0-9.5 mm/day
(PDA), Vr=4.8-7.5 mm/day (MEA). It was established
that the average growth rate (GR_ ) for the three stud-
ied strains of E. betulina was 3.6-4.9 mm/day on beer
agar [28]. Based on proposed growth strategies [42],
all studied F betulina strains belong to the intermedi-
ate P-strategist group, with a growth rate (Vr) ranging
from 1.1 to 11 mm/day. Overall, the growth rate of
the studied strains remained consistent, with only F.
betulina 2778 exhibiting the lowest relative growth rate
(RGR) on the 4 agar media. The culture medium is
also a critical factor affecting mycelial growth in vitro,
and screening is to some extent the starting point for
determining the biosynthetic potential of a culture.
We tested standard media used for basidiomycete
cultivation, including MEA and PDA [43]. GPYA
media were also investigated in a previous study on
the growth of E betulina strains [27]. Based on growth
measurements in this study, the agar media can be
ranked as follows: MEA>SDA>PDA>GPYA. However,
the PDA medium was favorable for most studied F
betulina strains in other similar investigations [27].
In our study, the preference for a particular medium
for biomass synthesis corresponds to the same order
as the growth of E betulina strains on the agar media
used. Analysis of biomass production indicates that
the highest growth after two weeks, depending on
the optimal liquid medium, can be ranked as follows:
MEB>SDB>PDB>GPYB. From our results, maltose as
a carbon source in MEA and MEB was the most suit-
able for the growth of most of the studied E betulina
strains on the tested media. All studied media, except
for PDA and PDB, contained peptone as a nitrogen
source (in varying amounts from 2 to 10 g). GPYA
and GPYB media also included yeast extract (3 g) as
a nitrogen source. The suitability of the culture me-
dia used for the growth of E betulina strains is also
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determined by the varying ratios of carbon and ni-
trogen sources required by each strain. Overall, agar
and liquid media containing malt extract facilitated
maximum growth owing to their rich and complex
natural composition. The differences in growth of the
studied strains, depending on the media used, are due
to the availability of accessible nutrients in the me-
dium, including inorganic or organic compounds,
carbohydrates, nitrogen, and their ratios, as well as
the nutritional requirements of each strain.

The 22 strains of E betulina showed significant
differences in mycelial biomass production depend-
ing on the liquid media used: 4.40-9.06 g/L (GPYB),
2.28-12.44 g/L (SDB), 3.03-9.98 g/L (PDB), 6.75-13.72
g/L (MEB). According to these data, using maltose
as a carbon source in the nutrient medium tends to
result in a greater yield of mycelial biomass. MEA and
Hagem medium, both containing malt extract, were
utilized for growing E betulina [17]. The biomass pro-
duction of the studied E betulina strains was higher
than other E betulina strains grown on a synthetic
medium: 0.9-4.7 g/L (depending on tested carbon
sources) and 1.1-4.7 g/L, depending on tested nitrogen
sources [29]. We obtained a slightly lower amount of
synthesized biomass (7.74 g/L) of E betulina strain 327
on GPYB compared to our previous study [19], where
we observed 8.1 g/L biomass on the same medium.
UV irradiation of E betulina strain 327 reduced bio-
mass production (2.6-3.7 g/L) when grown in GPYB
medium [20]. E betulina can also be cultivated on
Oddoux medium [11].

Another important biotechnological characteris-
tic of any culture is the production of bioactive com-
pounds during growth. Fungal EPs are significant
extracellular metabolites that evolutionarily play a
crucial role in adaptation and functionality [44,45].
In recent years, considerable attention has been paid
to EPs, recognized as highly valuable compounds with
numerous applications [46-48]. We focused our atten-
tion on studying the levels of EP production. To our
knowledge, this is the first report on the formation of
E betulina EPs in vitro. Screening for EP production
enabled the selection of the most promising strain, F.
betulina 311, and identified SDB as a suitable medium
for its growth. This unique ability of E betulina 311
to biosynthesize extracellular biopolymer at a higher
level may be genetically determined as an adaptive
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property for survival in colder climatic conditions,
as this strain was isolated from the fruiting body col-
lected in a boreal habitat.

The studied 22 strains of F. betulina were ca-
pable of producing EPs with significant variations,
depending on the liquid media used: 0.07-0.22 g/L
(GPYB), 0.02-2.20 g/L (SDB), 0.12-1.68 g/L (PDB),
0.09-1.12 g/L (MEB). The media supporting EP
production of E betulina strains can be ranked as
PDB>SDB>MEB>GPYB. Dextrose and starch as
carbon sources and the presence of peptone as a ni-
trogen source in the media used were favorable for
the synthesis of EPs by E betulina strains. PDB me-
dium was also suitable for EP production by Grifola
frondosa [49], Clavariadelphus truncatus, Cerrena
unicolor, Coprinus comatus, Ganoderma carnosum,
Lenzites betulina, Lentinus strigosus, and Laetiporus
sulphureus [50].

Our results showed that EP production significant-
ly depended on the strain of E betulina and the cul-
tivation media used. The results obtained agree with
the findings of studies that showed that the composi-
tion of a medium can significantly affect EP biosyn-
thesis [50-52]. Significant differences in the amount
of synthesized polysaccharides have been established
in different studies: 0.34-16.68 g/L [53] and 3.4-6.8
g/L [54] depending on fungus species and incubation
time; 0.1-1.1 g/L depending on fungal species, incuba-
tion period, and shaking or non-shaking conditions
[55]; 0.12-10.90 g/L [50] depending on the specific
basidiomycetes and their cultivation conditions (in-
cluding the composition of the medium); 1.95-20.97
mg/L [56] depending on the fungal species.

EP production by E betulina strains is comparable
to that of other basidiomycete species such as Antrodia
camphorata, A. cinnamomea, Phellinus igniarius,
Pleurotus dryinus, P. pulmonarius [50], Ganoderma
applanatum, G. lucidum [50,57]; Grifola frondosa,
and Schizophyllum commune [55,57], Polyporus sp.,
P, florida [55]; Pleurotus sajor-caju [50,55]; Auricularia
delicata, Pleurotus ostreatus, Pycnoporus sanguineus,
and Trametes trogii [57]. EP production by E betulina
strains is higher than in the cultivation of Agaricus
subrufescens, P. ostreatus, P. eryngii, and Lentinula
edodes [56], but lower compared to Agaricus nevoi,
Auricularia auricula, Fomes fomentarius, Grifola

Arch Biol Sci. 2024;76(3):257-265

frondosa, Inonotus levis, Lentinus edodes, Phellinus
sp., P. gilvus, and Trametes versicolor [50]. It should
be noted that the amount of EPs in F. betulina can be
further increased by optimizing the cultivation con-
ditions, as has been shown in studies with other ba-
sidiomycetes like Ganoderma lucidum [58], Hericium
coralloides [59], Pleurotus citrinopileatus [60], and
Trametes versicolor [61].

Fungal growth and development exhibit species
and strain-specific characteristics. Therefore, culti-
vation protocols suitable for a specific culture or iso-
late should be developed. Each stage of cultivation
should aim to obtain the best results from the culture
at a minimum cost. From an economic standpoint, a
significant advantage is the potential to use a single
cultivation medium for both mushroom growth and
the biosynthesis of biological substances.

The Pearson correlation coefficient values showed
a weak correlation between biomass and the EP con-
tent in the two media (SDB and MEB). This result
was also suitable for the selected F. betulina 311.
Mykhaylova et al. [62] also noted a correlation be-
tween biomass and EP production under specified
conditions. However, the maximum mycelial growth
and the highest output of bioactive extracellular me-
tabolites are often achieved under different cultiva-
tion conditions [19,20,63-66]. A lack of correlation
between biomass and EP production in the cultiva-
tion of 51 different basidiomycete species has been
reported in GPYB [53]. In addition, various strains
of Schizophyllum commune, Pycnoporus sanguineus,
and Trametes villosa showed different biomass and EP
production results. A similar tendency was also found
for other strains of Agaricus subrufescens, Pleurotus
ostreatus, and Lentinula edodes [56].

CONCLUSIONS

The absence of a universal protocol or basic cultiva-
tion conditions suitable for all macrofungi to ensure
the desired biomass and EP productivity underscores
the need for screening efforts. Our results point to
strain-specific dependence and the importance of
medium selection for growth and EP production. All
studied strains of F betulina can grow and produce
EPs at different levels depending on the medium used.
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Strain-specific characteristics of E betulina growth
and EP production were observed on different me-
dia. The F betulina 311 strain has biotechnological
potential due to its robust growth on various agar me-
dia, efficient biomass synthesis, and highest produc-
tion of extracellular biopolymers. Further research is
necessary to enhance EP production from this strain,
elucidate the composition and structures of the EPs,
and identify valuable biological activities associated
with EPs.
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