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Abstract:
Background: The Birch polypore fungus (Fomitopsis betulina), a well-known brown-rot macromycete parasitizing
Betula spp., is recognized as a medicinal mushroom due to its antimicrobial, antiviral, antioxidant, anti-inflammatory,
anticancer,  and  other  bioactivities.  Recently,  mushrooms  have  been  explored  as  potential  therapeutic  agents  in
veterinary medicine and livestock farming, suggesting that F. betulina could contribute significantly to these fields.

Objective:  This  study  aimed  to  evaluate  the  antibacterial  and  antioxidant  activities,  as  well  as  the  phenolic
compounds content, in ethyl acetate extracts of 22 F. betulina strains.

Methods: The agar well diffusion method was used to assess antibacterial activity. Antioxidant activity and total
phenolic content (TPC) were measured spectrophotometrically using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay
and the Folin-Ciocalteu method, respectively.

Results: All 22 F. betulina strains exhibited antibacterial and antioxidant activities, as well as phenolic compound
content, with variations attributed to strain-specific characteristics. The fungal extracts demonstrated susceptibility
against  Bacillus  subtilis,  Escherichia  coli,  Klebsiella  pneumoniae,  Pseudomonas  aeruginosa,  and  Staphylococcus
aureus. Zones of bacterial growth inhibition ranged from 8.0±0.0 mm to 22.5±0.5 mm. The free radical scavenging
activity varied from 7.74±2.40% to 96.66±0.40%. TPC ranged from 0.01±0.00 to 8.57±0.18 mg GAE/g of dry sample.

Conclusion:  Ethyl  acetate  extracts  derived  primarily  from  the  mycelia  of  F.  betulina  strains  were  identified  as
particularly beneficial, with strains F. betulina 2777 and 2778 emerging as promising biotechnological producers. F.
betulina mycelium has a wide potential for human use, including as feed additives for livestock and the development
of veterinary therapies.

Keywords: Birch polypore fungus, Basidiomycetes, Biological activity, Bacteria, Antibiotic resistance, Free radical
scavenging, Phenolic compounds.
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1. INTRODUCTION
Fomitopsis betulina (Bull.) B.K. Cui, M.L. Han, and Y.C.

Dai  is  a  widely  distributed  brown  rot  macrofungus,
particularly prevalent in the northern temperate zones of
Europe, North America, and Asia, primarily found on dead
and living trees of Betula spp. The fruiting bodies of this
species  have  been  used  in  folk  medicine  for  centuries.
Modern  studies  have  confirmed  its  anticancer,  anti-
inflammatory,  antiviral,  antimicrobial,  antioxidant,
antimalarial,  and  other  biological  activities.  [1-3].

In  addition  to  research  into  the  medical  uses  of
mushrooms, there is also growing interest in cosmetology
and veterinary applications. These areas have formed the
foundation  of  medicinal  mushroom  studies  at  the
Jagiellonian  University  Medical  College  over  the  past
thirty years [4]. Derkach and Klymenko [5] conclude that
pharmacokinetics  and pharmacodynamics  studies  on the
biologically active metabolites of basidiomycetes provide
new  opportunities  for  the  scientifically  grounded  use  of
certain mushroom species in veterinary medicine.

The  review  of  the  cytotoxic  activity  of  F.  betulina
against  normal  and  cancer  cells  suggests  that  extracts,
especially  ethanolic  and  methanolic,  exhibit  selective
cytotoxicity  against  cancer  cells  while  the  impact  on
healthy  cells  is  minimal.  The  strongest  effects  were
observed in prostate cancer and melanoma cell lines. The
cytotoxic effects were largely attributed to triterpenes and
glucans  [6].  Sułkowska-Ziaja  et  al.  [7]  showed  cytotoxic
and anti-inflammatory activity of F. betulina extracts from
fruiting  bodies  and  mycelial  cultures.  The  anti-
inflammatory  activity  of  fruiting  bodies  and  mycelium
extracts  had been evaluated based on their  inhibition  of
pro-inflammatory  enzymes.  Sevindik  et  al.  [8]  collected
information about F. betulina antiviral activity against the
Herpes  virus,  Influenza,  Poliovirus,  and  Vesicular
stomatitis  virus.

Developing new antibacterial drugs is a pressing need
due  to  the  continuous  emergence  of  pathogens  that  are
multi-resistant to existing antibiotics, as well as new types
of  pathogens.  Researchers  are  especially  interested  in
drugs  derived  from  natural  sources  that  exhibit  anti-
bacterial  activity  and  have  minimal  side  effects.
Consequently, the antibacterial potential of higher fungi is
attracting growing interest [9, 10].

Krupodorova  et  al.  [11]  examined  the  antibacterial
activities  of  thirty  mushroom  species  (F.  betulina  among
them), cultivated in two liquid media. The study found that
the antibacterial potential of the culture liquids from these
species  was  higher  than  the  activity  of  their  mycelia.  F.
betulina demonstrated high antibacterial efficiency, which
was compared with that  of  certain commercial  antibiotics
and  natural  essential  oils  of  Salvia  and  Eucalyptus.  The
culture liquid of F. betulina shows potential for use in the
development of antibacterial products. Various preparations
of  F.  betulina  culture  liquid,  including  native,  native
concentrated, lyophilized, and dried forms, were assessed
against  a  range  of  standard  bacterial  strains  and  clinical
isolates  [12],  highlighting  the  potential  of  F.  betulina  in
antimicrobial applications.

An  equally  important  area  of  research  is  the
antioxidant  potential  of  mushrooms.  Reactive  oxygen
species  (ROS)  and  reactive  nitrogen  species  (RNS)  are
free  radicals  capable  of  destroying  healthy  cells  in  the
body. An imbalance in the formation of free radicals as a
result  of  overproduction  is  known  as  oxidative  stress,
which is a major factor in ageing and the development of a
number of degenerative diseases in humans [13].

Vunduk et al. [14] tested F. betulina hot water (HW),
partially  purified  (PP),  and  alkali  (HA)  extracts  for
antioxidant  activity.  HA  was  a  good  1,1-diphenyl-2-
picrylhydrazyl  radical  scavenger  and  exhibited  the
strongest  ferric-reducing  power.  Among  other  fungal
species, F. betulina has also been mentioned as a source
of  antioxidants  in  a  research  [13].  The  researcher  [3]
collected data on 109 secondary metabolites and various
small  molecules  found  in  F.  betulina  fruiting  bodies  (96
compounds)  and  mycelial  fermentation  broth  (13
compounds).  The  authors  described  the  therapeutic
activity  of  these  compounds:  anticancer,  anti-
inflammatory,  antimicrobial,  and  antioxidant  properties.
The  importance  of  the  process  of  secondary  metabolite
biosynthesis in higher fungi has been evident.

It is important to consider that research should focus
not  only  on  the  fruiting  bodies  of  mushrooms,  as  is
common, but also on other vegetative forms and products
of  their  cultivation,  such  as  mycelia  and  culture  liquids.
Studies that allow for both the evaluation and comparison
of these different forms are particularly valuable.

Consequently,  information  on  the  antimicrobial  and
antioxidant properties of F. betulina mycelium is scarce. It
is  important  to  note  that  different  strains  of  the  same
mushroom  vary  in  their  properties  [15-18].

The  study  aimed  to  evaluate  22  different  F.  betulina
strains for their antibacterial and antioxidant activities in
mycelial and culture liquid extracts, as well as to measure
their total phenolic content.

2. MATERIALS AND METHODS

2.1. Fungal and Bacterial Cultures
Twenty-two F. betulina strains (under the numbers F.

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  provided  by  the  IBK
Mushroom  Culture  Collection  of  the  M.G.  Kholodny
Institute of Botany of the National Academy of Sciences of
Ukraine [19]. All fungal cultures were stored at 4°C on the
malt  extract  agar  (MEA,  Thermo Fisher  Scientific,  USA)
slants.

Bacterial  cultures  (Bacillus  subtilis,  Escherichia  coli,
Klebsiella  pneumoniae,  Pseudomonas  aeruginosa,  and
Staphylococcus aureus) were generously supplied by the
Collection  of  microorganisms  of  the  M.G.  Kholodny
Institute of Botany of the National Academy of Sciences of
Ukraine  and  were  used  for  further  investigation  of
antibacterial  activity.  These  strains  were  maintained  on
the  Mueller-Hinton  Agar  (MHA,  Sanimed-M,  Ukraine)
slants  at  4°C.
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2.2. Cultivation Conditions and Preparing of Extracts
Glucose  peptone  yeast  agar  (GPYA)  containing  g/L:

25.0 g glucose (Lycadex® PF, France), 2.0 g yeast extract
(Conda,  Spain),  3.0  g  peptone  (Conda,  Spain),  1.0  g
K2HPO4 (Hebei Ruisite Technology Co., Ltd, China), 1.0 g
KH2PO4 (Haifa Group, Israel), 0.25 g MgSO4·7H2O (Poluks
Group, Poland), and 20.0 g agar (Conda, Spain); and the
same medium without agar – glucose peptone yeast broth
(GPYB) were used for F. betulina cultivation. All prepared
media were autoclaved at 121°C for 15 min.

The  inoculum  of  each  F.  betulina  strain  was  carried
from  slants  to  GPYA  Petri  dishes  and  then  incubated  at
25±1°C  in  the  dark  with  ventilation  for  10  days.
Afterward, 3 mycelial disks 8 mm in diameter from 10-day
cultures  of  F.  betulina  strains  were  inoculated  in  each
flask with GPYB and incubated at 25±1°C for 14 days in
the method of surface liquid static cultivation.

The  mycelia  and  culture  liquid  of  each  strain  were
separated by filtration using Whatman No 4 filter paper.
Mycelia were washed twice with distilled water and dried
at 60°C to constant weight.

The  dry  mycelia  of  each  F.  betulina  strain  were
extracted by adding ethyl acetate (Carlo Erba, Italy) at a
1:10 (w/v) ratio. The mixtures were shaken for two days at
100 rpm and 30°C. Extracts were then separated from the
mycelia  by  centrifugation  at  4000  rpm  for  10  minutes,
followed  by  filtration  using  Whatman  No.  4  filter  paper.
The culture liquid of each strain was extracted by adding
ethyl acetate at a 2:1 (v/v) ratio. The mixtures were kept at
8°C for  two days and then separated using a separatory
funnel.  Ethyl  acetate  fractions  were  concentrated to  dry
mass using a rotary evaporator (RVO-64, Czechoslovakia)
at 40°C. The dry weight of each extract was determined,
and  each  dried  extract  was  dissolved  in  5  mL  of  ethyl
acetate.

2.3. Evaluation of Antibacterial Activity (ABA)
The  tested  microorganisms  (B.  subtilis,  E.  coli,  K.

pneumoniae, P. aeruginosa, and S. aureus) were activated
in Mueller Hilton agar (MHA) at 37°C for 24 hours. Each
microorganism was suspended in sterile saline and diluted
to 106 colony-forming units (CFU) per ml. Petri dishes with
MHA  were  then  inoculated  with  0.5  ml  of  the  bacterial
suspensions. The antibacterial activity was determined by
the agar well diffusion method. Holes with a diameter of 7
mm were aseptically cut out in the agar layer of previously
inoculated Petri dishes using a sterile cork borer. A total
of 120 µL of each F. betulina strain's mycelial and culture
liquid extract was aseptically pipetted into the wells. Then,
agar plates were incubated at 37°C for 24 h.

The  antibacterial  activity  was  determined  by
measuring  the  inhibition  zone  diameter  (mm),  which
appeared  as  clear  zones  around  each  well.  The  activity
was  detected  when  the  inhibition  zone  exceeded  7  mm.
Ethyl acetate, used for extraction, served as the negative
control.

2.4. Evaluation of Antioxidant Activity (AOA)
AOA  was  determined  using  the  2,2-diphenyl-1-

picrylhydrazyl (DPPH) method (Thermo Fisher Scientific,
USA)  [20].  The  analysis  was  performed  spectrophoto-
metrically  (UV-1800  PC,  Shanghai,  China)  following  the
protocol  [17].  Ascorbic  acid  (Thermo  Fisher  Scientific,
USA)  was  used  as  the  positive  control.

2.5. Evaluation of Total Phenolic Content (TPC)
Phenolic  compounds  in  prepared  extracts  were

determined spectrophotometrically by the Folin-Ciocalteu
method  [21].  0.5  ml  of  each  mycelial  and  culture  liquid
extract  were  transferred  into  25  ml  volumetric  flasks.
Then,  2.0  ml  of  10%  water  Folin-Ciocalteu  (Carl  Roth,
Germany) solution was added.  After a few minutes,  10.0
ml  of  7.5%  water  solution  of  Na2CO3  (Thermo  Fisher
Scientific,  USA)  were  loaded  in  flasks,  and  all  reaction
mixtures were filled up to 25 ml with water. After 40 min
of exposition, the prepared solutions were measured at a
wavelength of 750 nm. The mixture containing 2.0 ml of
Folin-Ciocalteu  solution  and  10.0  ml  of  7.5%  Na2CO3

solution, diluted to a final volume of 25 ml, was used as a
blank. The content of phenolic compounds was calculated
according  to  the  calibration  curve  with  gallic  acid  (TCI
America™, USA) as a standard (y = 0,0758x + 0,0583; R2

= 0,9685).
Gallic acid concentrations ranging from 2 to 40 μg/ml

were used. The determined TPC values are expressed as
milligrams of gallic acid equivalent (GAE) per gram of dry
sample (dry mycelia or dry culture liquid extract).

2.6. Statistical Analysis
All  assays  were  performed  in  five  replicates  to

calculate  the  mean  value.  Results  were  presented  as
means  ±  standard  deviation.  Pearson  correlation
coefficients (r) were calculated for ABA, AOA, and TPC, as
well as for biomass and exopolysaccharide (EP) production
determined  in  a  previous  study  [18],  using  the  online
statistical  software  available  at
https://www.statskingdom.com/.  Statistical  analysis  was
conducted  using  Fisher’s  LSD  test,  with  differences
considered  significant  at  P  <  0.05.

3. RESULTS

3.1. ABA of F. betulina Strains
All  of  the  investigated  F.  betulina  strains  (100%)

demonstrated  the  presence  of  ABA  in  mycelial  and/or
culture  liquid  extracts  (Table  1).  The  zone  of  bacterial
growth inhibition varied from 8.0±0.0 mm to 22.5±0.5 mm
in diameter.

The  screening  identified  F.  betulina  strains  with  the
highest  levels  of  bacterial  growth  inhibition.  Notably,
strain  978  exhibited  maximum  inhibition  against  B.
subtilis,  E.  coli,  and  K.  pneumoniae,  while  strain  2269
demonstrated  specific  activity  against  P.  aeruginosa.  All
mycelial extracts (100%) exhibited varying levels of ABA,
while 90.9% of culture liquid extracts were active, except
for F. betulina 2770 and 2772 (Figs. 1 and 2). Regarding

https://www.statskingdom.com/
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the  spectrum  of  activity  and  frequency  of  occurrence,
mycelial  extracts  demonstrated  higher  ABA  rates  than
culture liquid extracts.The test bacteria B. subtilis and K.
pneumoniae  were  more  susceptible  to  mycelial  extracts,

with inhibition observed in 95.5% and 90.9% of samples,
respectively  (Fig.  1).  E.  coli  and  S.  aureus  also  showed
considerable sensitivity to both culture liquid and mycelial
extracts.

Fig. (1). Activity of F. betulina strains against each of the test bacteria. Note: B. s. – B. subtilis, E. c. – E. coli, K. p. – K. pneumoniae, P. a.
– P. aeruginosa, S. a. – S. aureus.

Fig. (2). Antibacterial spectra of F. betulina strains. Note: B.s.+E.c.+K.p.+P.a.+S.a. – inhibition of growth of all bacteria: B. subtilis, E.
coli, K. pneumoniae, P. aeruginosa, S. aureus; B.s.+E.c.+K.p.+P.a., B.s.+E.c.+K.p.+S.a., B.s.+K.p.+P.a.+S.a. – inhibition of growth of four
respective bacteria; B.s.+K.p.+P.a. – inhibition of growth of three respective bacteria; B.s.+K.p., B.s.+S.a., E.c.+P.a., E.c.+S.a., K.p.+S.a.
– inhibition of growth of two respective bacteria; B.s., E.c., K.p., P.a., S.a. – inhibition of growth of one respective bacteria.
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The  broadest  spectrum  of  activity  against  all  five
tested  bacteria,  in  both  mycelial  and  culture  liquid
extracts,  was  observed  in  F.  betulina  strains  978  and
2778.  Additionally,  mycelial  extracts  of  F.  betulina
exhibited  broader  activity,  inhibiting  five,  four,  or  three
bacteria  in  81.9%  of  fungal  strains,  while  18.1%  were
active  against  two  or  one  pathogen.  In  contrast,  culture
liquid  extracts  showed  narrower  activity,  with  86.4%  of
strains  inhibiting  two  or  one  bacterium  and  only  13.6%
affecting all tested bacteria.

3.2. AOA of F. betulina Strains
The  AOA  of  F.  betulina  strains  was  assessed  as  the

percentage  of  free  radical  inhibition.  All  investigated
samples  (100%)  demonstrated  DPPH  radical  scavenging
activity (Fig. 3). The AOA of culture liquid extracts ranged
from  18.32±0.50%  to  96.66±0.40%,  while  mycelial
extracts exhibited activity levels between 7.74±2.40% and
90.95±0.60%. The highest AOA values were observed in F.

betulina strain 2773 for culture liquid and strain 988 for
mycelium.  Moreover,  the  culture  liquid  extract  of  F.
betulina 2773 showed activity comparable to the positive
control, ascorbic acid (95.97±0.30%). Among F. betulina
strains,  68.2%  showed  higher  activity  in  culture  liquid
than in mycelium, while 31.8% exhibited greater activity
in  mycelium  than  in  culture  liquid.  However,  regarding
free radical scavenging percentages, an AOA rate of ≥70%
was observed more frequently in mycelial samples (36.6%
of all  fungal  strains)  compared to culture liquid samples
(22.7%).

In  addition,  F.  betulina  strains  2777  and  2778
exhibited  relatively  similar  activity,  with  strain  2777
showing 90.86±0.60% in culture liquid and 81.37±0.50%
in  mycelium,  while  strain  2778  demonstrated
91.02±0.45%  and  79.61±0.50%,  respectively.  These
values are considered relatively high in both mycelial and
culture liquid extracts.

Table 1. ABA of mycelia and culture liquids extracts of F. betulina strains.

Strain

Zone of inhibition by culture liquids extracts, mm in diameter Zone of inhibition by mycelial extracts, mm in diameter

B. subtilis E. coli
K.

pneumoniae
P.

aeruginosa
S. aureus B. subtilis E. coli K. pneumoniae P. aeruginosa S. aureus

311 10.0±0.0с 16.5±0.5ab 14.5±0.5b 14.5±0.5c 14.5±0.5d 17.5±0.2bd – 13.0±0.0f 11.5±0.5e 8.0±0.0hg

327 – 14.0±0.0d – 13.0±0.0c – 10.0±0.0j 8.5±0.5g 18.0±0.0b 9.5±0.5f 8.5±0.5g

978 12.0±1.0a 15.5±0.5bc 16.0±1.0a 18.0±1.0b 17.5±0.5c 18.0±0.4b 15.0±1.0c 15.0±0.0d 15.0±1.0cd 18.5±0.5b

988 – 10.0±0.0h – – 18.0±0.0c 17.0±0.2de 15.5±0.5c 21.5±0.5a 15.0±1.0cd 16.5±0.2c

989 – 10.0±0.0h – – 10.0±0.0e 9.0±0.0k – 9.5±0.5i 9.0±0.0g –

2269 – 17.0±0.0a – 20.0±0.0a – 16.0±1.0ef 16.0±0.3c 17.0±0.4c 19.0±0.3a 12.5±0.5f

2290 – 13.0±0.0e – – 22.0±0.0b 14.0±0.0h 14.0±0.0d 15.0±1.0cd 14.5±0.5d 18.5±0.5b

2363 – 11.0±0.0g – – 10.0±0.0e 14.0±0.0h 19.0±1.0ab 15.0±1.0cd 17.0±0.2b 20.5±0.5a

2364 – – 9.0±0.0d – – 13.5±0.5hi – 13.0±0.0е – –

2366 – 12.0±0.0f – – – 17.5±0.5b 14.0±1.0cd 14.0±1.0de 16.5±0.5bc 14.0±1.0e

2399 9.0±0.0d – – – 10.0±0.0e 21.0±0.4a 19.0±0.3b 16.0±1.0c 15.0±0.0d 16.0±0.2d

2770 – – – – – 17.5±0.5b 8.0±1.0fg 15.0±0.0d 15.0±1.0cd –

2771 – 10.0±0.0h – – – 8.5±0.5k 14.0±0.0d 21.0±0.3a – 14.5±0.5e

2772 – – – – – 13.0±0.0i – 13.0±1.0e – –

2773 – – 9.5±0.5c – 10.0±0.0e 14.0±1.0gh 12.5±0.5e 12.5±0.5ef 14.5±0.5d 15.0±0.5e

2774 11.0±0.0ab – – – 10.0±0.0e 16.0±0.4f 10.0±0.0f 11.5±0.5fg – 9.0±0.0g

2775 – – – – 10.0±0.0e 15.5±0.5fg – – – –

2776 – – 9.0±0.0d – – 20.0±1.0a 9.5±0.5f 15.0±0.3d 16.0±1.0bc 11.0±1.0f

2777 – 10.0±0.0h – – 10.0±0.0e 14.0±0.0h 13.0±0.0e 14.0±1.0de 16.0±0.2c 14.5±0.5e

2778 9.0±0.0d 9.0±0.0i 9.0±0.0d 10.0±0.0d 9.0±0.0f 16.0±0.3f 20.5±0.5a 18.0±0.3b 15.0±0.0d 16.5±0.5c

2785 12.0±0.0а – – – 22.5±0.5a 8.0±1.0k – 17.0±1.0bc 12.5±0.5e 9.0±0.0g

2786 – 12.0±0.0f – – – – – – 10.0±0.0f –
Note: «–» - the absence of ABA; maximal values of ABA are emphasized by the bold font. Data represent mean±standard deviation (n=5). Different letters
indicate samples that differ significantly from each other within the column (P<0.05) according to LSD test.
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Fig. (3). AOA of F. betulina strains. Note: control – percent of free radical scavenging by 0.3 mg/ml solution of ascorbic acid in methanol.
Data represent mean±standard deviation (n=5). Different letters indicate samples that differ significantly from each other within the
column (P<0.05) according to LSD test.

Fig. (4). TPC of F. betulina strains. Note: content of phenols in cultural liquid extract was calculated using masses of dried extract, while
content of phenols in mycelium extract was calculated using values of dried biomass. Data represent mean±standard deviation (n=5).
Different letters indicate samples that differ significantly from each other within the column (P<0.05) according to LSD test.
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Table 2. The Pearson correlation coefficient (r) between ABA, AOA, TPC, EP for culture liquid, and between
ABA, AOA, TPC, amount of biomass for mycelia.

Correlation Culture liquid Mycelia

ABA/AOA

B. subtilis/AOA -0.01225 0.11440
E. coli/AOA -0.06057 0.72470
K. pneumoniae/AOA 0.06948 0.49270
P. aeruginosa/AOA -0.03707 0.41580
S. aureus/AOA -0.09897 0.76190

ABA/TPC

B. subtilis/TPC -0.21320 0.03796
E. coli/TPC 0.21280 0.56180
K. pneumoniae/TPC -0.23030 0.46800
P. aeruginosa/TPC -0.06924 0.24010
S. aureus/TPC 0.07679 0.66500

ABA/EP (for culture liquid)

B. subtilis/EP 0.24700 –
E. coli/EP -0.22640 –
K. pneumoniae/EP -0.09976 –
P. aeruginosa/EP 0.02700 –
S. aureus/EP 0.04268 –

ABA/biomass (for mycelia)

B. subtilis/biomass – 0.08667
E. coli/biomass – -0.47760
K. pneumoniae/biomass – -0.03541
P. aeruginosa/biomass – -0.18350
S. aureus/biomass – -0.37730

AOA/TPC 0.52030 0.90510
AOA/EP (for culture liquid) 0.10150 –
AOA/biomass (for mycelia) – -0.43240
TPC/EP (for culture liquid) 0.23430 –
TPC/biomass (for mycelia) – 0.90510
Note: ABA – antibacterial activity, AOA – antioxidant activity, TPC – total phenolic content, EP – exopolysaccharide production. Terms, written through a slash,
mean a correlation between respective characteristics. Description of correlation level: |r|<0.1 – very small, 0.1≤|r|<0.3 – small, 0.3≤|r|< 0.5 – medium,
0.5≤|r| – large.

3.3. TPC of F. betulina Strains
Phenolic  compounds  were  detected  in  all  (100%)  F.

betulina  strains  (Fig.  4).  TPC  in  culture  liquid  extracts
ranged  from  0.01±0.00  to  8.57±0.18  mg  GAE/g  of  dry
extract,  while  in  mycelial  extracts,  it  varied  from
0.01±0.00 to 5.48±0.10 mg GAE/g of dry mycelium. The
highest TPC values were observed in the mycelial extract
of F. betulina strain 2771 and the culture liquid extract of
strain 2777.

In  72.7%  of  F.  betulina  strains,  TPC  was  higher  in
mycelia than in culture liquid, while only 13.6% of strains
had higher TPC values in culture liquid. Strains F. betulina
989,  2772,  and  2773  showed  no  statistically  significant
differences in phenol content between culture liquid and
mycelium. Additionally, TPC values in culture liquid were
more variable than in mycelial content.

3.4.  Correlation  between  ABA,  AOA,  TPC,  EP,  and
Biomass

The Pearson coefficient (r) was calculated to reveal the
potential  correlation  between  ABA,  AOA,  and  TPC  in  F.
betulina  strains  (Table  2).  In  addition,  the  relationship
between  the  obtained  results  and  the  biomass  and
extracellular polysaccharide (EP) production of the same

F.  betulina  strains  on  GPDB  medium  was  investigated,
with  data  presented  in  our  previous  study  [18].

No significant dependence was found for values gained
for culture liquid,  except for AOA and TPC levels,  which
showed a strong positive correlation. In contrast, mycelial
parameters showed more interrelations. A strong positive
correlation was observed between AOA and TPC (similar
to  culture  liquid),  as  well  as  between  TPC  and  biomass
synthesis.  Positive  correlations  of  varying  strength  were
detected  between  TPC  and  ABA,  and  between  AOA  and
ABA. Specifically, ABA against E. coli, K. pneumoniae, and
S. aureus was significantly associated with AOA and TPC
levels,  as  was  ABA  against  P.  aeruginosa  with  AOA.  A
strong  positive  correlation  was  also  found  between  TPC
and biomass amounts.

Additionally, a negative correlation was noted between
biomass  synthesis  levels  and  biological  activities,  with  a
medium dependence for AOA and ABA against E. coli and
S.  aureus  and  a  weaker  dependence  for  ABA  against  K.
pneumoniae and P. aeruginosa.

4. DISCUSSION
Mushrooms  are  recognized  as  natural  analogues  of

chemical therapeutic agents. The antimicrobial, antitumor,
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anti-inflammatory,  antioxidant,  and  other  therapeutic
activities  of  higher  fungi  are  well-documented  and
extensively  studied.  The  identification,  isolation,  and
purification  of  biologically  active  compounds  from  fungi
are  key  objectives  of  numerous  studies  [1–3,  7,  9,  13].
Mushrooms  are  increasingly  recognized  for  their
antioxidant  and  antimicrobial  activities  due  to  their  rich
bioactive  compounds,  including  phenolics,  polysacc-
harides,  terpenoids,  and  flavonoids,  which  help  combat
oxidative stress and inhibit microbial growth [1–3, 9, 10,
13].  This  presents  potential  applications  in  health,
medicine, veterinary science, and the food industry (e.g.,
preservation),  aligning  with  the  increasing  demand  for
natural and sustainable solutions. Animal husbandry and
veterinary  medicine  face  ongoing  challenges,  including
antibiotic-resistant  bacteria,  farm  animal  mortality,
productivity enhancement, and animal health support. The
use  of  edible  mushrooms  for  animal  feed  and
supplementation  is  currently  being  studied  and  applied.
Various fungal compounds have demonstrated therapeutic
properties:  polysaccharides  enhance  immune  response,
support  gut  microbiome health,  lower cholesterol  levels,
and resist avian digestive enzymes, while phenols improve
the antioxidant status of chickens [4, 5, 22].  In addition,
certain  antibiotics,  such  as  pleuromutilin,  have  been
isolated from the macrofungi Omphalina mutila (formerly
Pleurotus mutilus) and Clitopilus passeckerianus (formerly
P. passeckerianus). Pleuromutilin derivatives, tiamulin and
valnemulin, are used in veterinary medicine for pigs and
poultry [23]. This underscores the importance of exploring
basidiomycetes as potential sources of natural antibiotics
and  antioxidants.  The  antibacterial,  antioxidant  actions
and  phenolic  compounds  of  F.  betulina  have  been
previously  determined  in  numerous  studies  [1-5,  7,  8,
10-14, 24]. Most studies on Birch polypore fungus focus on
wild fruiting bodies for their ABA, AOA, and TPC content
[7,  24-29,  30].  Limited  data  are  available  on  artificial
cultivation,  with  liquid-submerged  dynamic  cultivation
being  the  preferred  method  [7,  31,  32].  In  contrast,  our
study utilized the liquid surface static culture method. Our
results confirmed the presence of ABA, AOA and phenolic
compounds in products (culture liquids and mycelia) of the
artificial cultivation of Birch polypore fungus.

The ABA of F. betulina 327 strain from IBK [19], used
in  our  research,  was  previously  investigated  with  other
bacterial  strains  [11,  12,  33,  34].  These  studies  mainly
focused on the crude mycelia and culture liquids prepared
in different methods but without extraction.

For instance, Krupodorova et al. [11] examined ABA in
crude  concentrated  culture  liquid  and  freshly  ground
mycelia  cultivated  on  GPYB  and  amaranth  flour-based
media. In particular, crude concentrated culture liquids of
F. betulina IBK 327, based on GPYB and amaranth flour,
showed significant ABA against B. subtilis  and S. aureus
(inhibition zones ≥19 mm), and the amaranth flour-based
culture liquid showed the same activity against E. coli.

In contrast, our ethyl acetate extract from the culture
liquid of this fungal strain, grown on GPYB, exhibited no
activity against B. subtilis and S. aureus. A comparison of

ABA  against  E.  coli  revealed  that  the  extract’s  activity
(inhibition  zone:  14.0±0.0  mm)  was  slightly  lower  than
that of the amaranth flour-based culture liquid but higher
than that of the crude GPYB culture liquid. These results
can be explained by selective extraction with ethyl acetate
and  differences  between  the  bacterial  strains  used.  In
addition,  the  crude  culture  liquid  has  a  wider  range  of
extracellular  metabolites  with  a  greater  potential  for
biological  activity,  some of  which are not  extracted with
ethyl acetate. It has been reported that the total indicators
of  biological  activity  of  substances  contained  in  crude
extracts and mushroom products can be higher than those
of  isolated  compounds  due  to  synergistic  interactions
between different substances synthesized by mushrooms
[1].

When comparing the ABA of mycelia, our ethyl acetate
extract of F. betulina 327 exhibited a broader antibacterial
spectrum,  demonstrating  activity  against  all  five  tested
cultures.  In  contrast,  the  crude  ground  mycelia  in  the
referenced  study  [11]  were  effective  against  only  B.
subtilis and E. coli after cultivation in a nutrient medium
based on amaranth flour. However, the ABA levels against
B.  subtilis  and  E.  coli  were  comparable  to  those  in  our
study.  The  zone  of  inhibition  against  both  bacteria  was
estimated to be 10.0±0 mm against both B. subtilis and E.
coli in the case of crude mycelia, 10.0±0.0 mm against B.
subtilis and 8.5±0.5 mm against E. coli with ethyl acetate
extracts. Despite similar ABA levels, crude mycelia likely
require additional concentration steps, while ethyl acetate
extraction effectively concentrates bioactive compounds.

Compared to extracts, fresh fungal materials are less
suitable  for  storage  due  to  spoilage  risks  and  low
metabolite  concentrations,  necessitating  extraction,
drying,  or  other  processing methods.  Krupodorova et  al.
[12]  demonstrated  the  use  of  dry  culture  liquid  from  F.
betulina IBK 327, cultivated on a modified GPYB medium.
Minimum bactericidal concentrations (MBC) were tested
against standard bacterial strains (S. aureus ATCC 25923,
E.  coli  ATCC  25922,  and  P.  aeruginosa  ATCC  27853).
While  MBC  decreased  with  increasing  concentration
(native culture liquid to dried), E. coli ATCC 25922 showed
greater  resistance  to  dried  compared  to  lyophilized  or
native liquid.  This  variability  could be attributed to heat
sensitivity during drying or hygroscopicity in freeze-dried
materials.

Notably,  both  concentrated  native  and  dried  culture
liquid  exhibited  bactericidal  effects  against  clinical
isolates resistant to certain antibiotics. In comparison, our
ethyl acetate extracts demonstrated activity against E. coli
and K. pneumoniae but lacked ABA against P. aeruginosa
and  S.  aureus.  These  findings  highlight  the  need  to
optimize concentration and extraction methods to enhance
ABA for individual fungal cultures.

Culture  liquids  from  artificial  cultivation  have  been
analyzed. Suay et al. [31] studied methanolic culture liquid
extracts  from  four  F.  betulina  strains  cultivated  under
submerged dynamic conditions. Three strains (F-048,838,
F-051,849, and F-054,152) showed high activity against P.
aeruginosa and Serratia marcescens (zones ≥15 mm). All
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strains  inhibited  B.  subtilis  growth,  with  three  strains
exhibiting  inhibition  zones  ≥15  mm  and  one  strain
showing a zone <15 mm. Strain F-048,838 demonstrated
moderate (<15 mm) activity against S. aureus. Weak ABA
was detected against Mycobacterium smegmatis  (strains
F-048,838  and  F-054,152)  and  S.  aureus  (strain
F-054,152).  Our  ethyl  acetate  culture  liquid  extracts
showed some similarity in ABA to the referenced study. F.
betulina  strains  311,  978,  and 2269 exhibited analogous
activity  against  P.  aeruginosa,  with  inhibition  zones  of
14.5±0.5  mm,  18.0±1.0  mm,  and  20.0±0.0  mm,
respectively.  F.  betulina  978,  2774,  and  2785  also
demonstrated intermediate ABA against B. subtilis, similar
to strain F-051,849 from the study. Some of our cultures
exhibited stronger activity against S. aureus compared to
strain  F-048,838:  F.  betulina  311  (14.5±0.5  mm),  978
(17.5±0.5 mm), 988 (18.0±0.0 mm), 2290 (22.0±0.0 mm),
and 2785 (22.5±0.5 mm). Weak activity against S. aureus,
comparable  to  strain  F-054,152,  was  observed  in  F.
betulina  989,  2363,  2773,  2774,  2775,  2777,  and  2778.
These findings suggest that both submerged dynamic and
surface  static  cultivation  can  support  the  synthesis  of
extracellular  antibacterial  compounds.  Ethyl  acetate
extracts have also been highlighted in previous research.
Schlegel et al. [32] identified a novel antibiotic, piptamine,
from the F. betulina Lu 9-1 culture liquid obtained through
submerged dynamic cultivation. Piptamine demonstrated
high  effectiveness,  with  a  minimum  inhibitory
concentration  (MIC)  of  0.78‒12.5  μg/mL  against  B.
subtilis,  E. coli,  Enterococcus faecalis,  and S.  aureus.  In
our study, strains such as F. betulina 311, 978, and 2778
exhibited  broad-spectrum  activity,  suggesting  that  ethyl
acetate  extraction  and  strain  selection  could  further
enhance  antibacterial  compound  discovery.

The  biosynthesis  of  target  compounds  can  also  be
enhanced  through  mutagenesis.  UVC  irradiation  at  254
nm increased ABA in  F.  betulina  IBK 327 culture  liquid,
particularly  against  E.  coli,  at  an  optimal  dose  of  0.85
kJ/cm2.  However,  ABA  against  B.  subtilis  and  S.  aureus
decreased  with  higher  doses  [33].  This  approach
highlights the potential of physical mutagenesis to modify
bioactivity based on targeted conditions.

During our ABA investigation of F. betulina strains, the
tested  cultures  demonstrated  greater  susceptibility  to
mycelial  extracts.  Consequently,  cultivated  mycelial
products were considered more effective as antibacterial
agents.  Among  the  strains,  F.  betulina  978  and  2778
exhibited the broadest spectrum of activity. Additionally,
F. betulina 2269 strain showed specific activity against P.
aeruginosa  ,  with  both  its  mycelia  and  culture  liquid
deemed  suitable  for  use.

An  example  of  ethyl  acetate  extraction  from  fruiting
bodies  has  also  been  effective  for  isolating  lanostane
triterpenes,  including  3β-acetoxy-16-hydroxy-24-oxo-5α-
lanosta-8-ene-21-oic acid, polyporenic acids, betulinic acid,
ergosterol  peroxide,  and  fomefficinic  acid  [  24  ].  These
compounds displayed varying levels of ABA, primarily low
or trace activity. Our ethyl acetate mycelial extracts were

more effective, with inhibition zones ranging from 8.0±0.0
to 22.5± 0.5 mm. Possibly, the complex of compounds in
extracts  could  be  more  efficient  than  one  separate
compound.

The AOA of our tested extracts varied widely, ranging
from  7.74±2.40%  to  96.66±0.40%.  Notably,  mycelial
samples were more frequently observed as highly efficient.
An AOA rate of ≥70% was detected in mycelial extracts of
F.  betulina  strains  988,  2269,  2290,  2363,  2366,  2771,
2777, and 2778, as well as in culture liquid extracts of F.
betulina  strains 327, 2770, 2773, 2777, and 2778. These
findings  indicate  that  F.  betulina  strains  2777  and  2778
were the most likely to produce antioxidant compounds in
mycelium  and  synthesize  them  in  culture  liquid.  Other
studies  often  determine  IC50  values  to  assess  the
antioxidant activity (AOA) of F. betulina extracts, primarily
using  fruiting  bodies  [27–29].  In  addition  to  the  DPPH
assay,  other  methods  such  as  2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic  acid)  (ABTS),  reducing
power,  ferric  reducing antioxidant power (FRAP),  and β-
carotene  bleaching  are  also  employed.  Comparing  AOA
across  different  studies  is  complex  due  to  variations  in
fungal material, solvents, and methodologies. Kozarski et
al. [29] evaluated AOA using multiple assays, and reported
that  F.  betulina  methanolic  extracts  exhibited  low  AOA
compared  to  other  fungi.  However,  they  achieved
significant  inhibition  in  DPPH  (94.44%)  at  5  mg/mL,
similar  to  our  ethyl  acetate  extracts  (94.04±0.90%  for
strain  2770).

Compounds  inducing  ABA  and  AOA  include  phenolic
acids,  triterpenes,  and betulinic  acid,  establishing a  link
between TPC and AOA [1–3, 24, 29]. In our study, mycelial
TPC values were higher and more consistent than those in
culture liquids, except for strain 2777, which exhibited the
highest  TPC  in  culture  liquid.  Relative  to  literature
[27-30],  F.  betulina  shows  lower  TPC  in  water  and
methanol  extracts  of  fruiting  bodies  than  other  fungal
species  (e.g.,  32.6±2.1  mg  GAE/g  vs.  F.  pinicola  at
387.7±0.1 mg GAE/g). Our ethyl acetate extracts had even
lower  TPC  (max  8.57±0.18  mg  GAE/g).  Thus,  solvent
choice  and  extraction  parameters  significantly  impact
phenolic yields, alongside fungal biosynthesis capacity. Of
course,  the  possibility  of  biosynthesis  by  specific  fungus
should  also  be  considered.  The  presence  of  specific
phenolic  compounds  in  F.  betulina  was  established.
Sułkowska-Ziaja  et  al.  [7]  identified  syringic  acid,  gallic
acid, 5-hydroxybenzoic acid, and 3,4-dihydrophenylacetic
acid in both F. betulina artificially cultivated mycelia and
fruiting  bodies  from  nature  using  methanolic  extracts.
Kozarski et al. [29] also confirmed various phenolic acids,
including  protocatechuic  and  chlorogenic  acids,  in  F.
betulina.  Also,  the  presence  of  phenols,  vitamin  C,
lycopene,  and  β-carotene  in  methanolic  extracts  further
highlighted their antioxidant potential.

Our  study,  using  ethyl  acetate,  addresses  the
underexplored  potential  of  nonpolar  solvents,  which  are
less  common  (1.88%  usage)  than  water,  ethanol,  or
methanol  [35].  Screening  solvents  is  crucial,  as  solvent
choice  affects  both  AOA  and  TPC.  De  Bruijn  et  al.  [36]
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demonstrated  that  acetone  was  the  most  effective  for
DPPH scavenging in Grifola gargal, whereas water/ethanol
extracted  higher  TPC.  Similarly,  Atamanchuk  and  Bisko
[37]  found that  methanol  yielded the highest  TPC,  while
ethyl acetate extracts exhibited lower TPC but moderate
AOA  (41.28–60.83%)  in  Xylaria  polymorpha  and  X.
longipes strains. These differences highlight the influence
of  fungal  strain,  extraction  method,  and  habitat  on
optimizing  bioactive  compound  yields.  Certainly,  these
results  should  not  be  generalized  to  all  fungi,  as  the
biosynthesis  profile  of  each  species  and  strain  is  highly
specific,  and  metabolite  extraction  outcomes  may  vary.
Nonetheless, some trends can be observed. Polar solvents
such  as  water,  methanol,  and  ethanol  were  generally
preferred.  However,  ethyl  acetate  also  played  a  role  in
isolating bioactive compounds [24, 32]. In our study, the
majority of the strong and medium correlations between
different  parameters  were  found  precisely  in  mycelial
extracts  of  F.  betulina  strains.  Several  positive
correlations  were  observed  in  mycelial  characteristics
between  TPC  and  biological  activities:  ABA  and  AOA.  It
could be assumed that  mycelial  ABA is  strongly (against
used strains of E. coli and S. aureus) or partially (against
K.  pneumoniae)  related  to  phenols  synthesis.  The
antibiotic piptamine, mentioned above, is a tertiary amine
compound, and therefore has a different origin [32]. The
most  commonly  proposed  antimicrobial  agents  are
polyporenic  acids,  lanostane  triterpenes,  ergosterol
peroxide [1,  2,  24].  This  group of  compounds belongs to
the  triterpenes,  which  are  not  typically  classified  as
phenolic  compounds  [38].  However,  they  possess
structural  features  and  functional  properties  similar  to
polyphenols.  As  a  result,  these  triterpenes  may  also  be
detected during TPC estimation [39].

In  addition,  AOA  of  F.  betulina  strains  was,  in  some
cases, associated with ABA (compared to activity against
E. coli, K. pneumoniae, P. aeruginosa, and S. aureus). It is
possible  that  the mechanisms of  these biological  actions
are  congruent  and  caused  by  similar  groups  of
compounds.  For  example,  polyporenic  acid  C  possesses
both ABA and AOA [2].

It is noteworthy that mycelial ABA and AOA negatively
correlated  with  biomass  production,  suggesting  fungal
resources  prioritize  stress-related  mechanisms  (e.g.,
antioxidant/antibacterial  responses)  over  biomass
synthesis.

Establishing  correlations  between  biological  activity
and  substances  accelerates  drug  discovery,  elucidates
mechanisms of  action,  and advances precision medicine.
Our  study  demonstrated  a  positive  correlation  between
mycelial  TPC  and  biomass  quantity.  Although  TPC  is
associated  with  biological  activities  and  theoretically
should  have  an  opposite  correlation  with  biomass,  this
could  be  explained  by  the  presence  of  other  biologically
active  groups  of  compounds  in  fungal  mycelia,  different
proportions of specific phenols in biomass, and the rate of
dissolution in ethyl acetate, used in our investigation.

Culture  liquid  extracts  showed  no  significant
dependence between biological activities (ABA and AOA),

between ABA and synthesis of TPC and EP (determined in
a study [18]), between AOA and EP, and between TPC and
EP. However, fungal polysaccharides may have AOA [40,
41]. These observations could be explained by a different
composition of substances in the extracellular metabolites
and by the extraction specificity of ethyl acetate. Besides,
the  GPYB  liquid  medium  used  for  the  cultivation  of  F.
betulina  in  our  study  might  not  be  optimal  for  the
production  of  EP  [18].

The  strong  positive  correlation  found  in  our  study
between AOA and TPC, both in mycelial and culture liquid
extracts,  could  be  further  evidence  of  the  relationship
between  these  parameters.  Perhaps  the  positive
interdependence between ABA, AOA, and TPC could be an
important feature of the biological activity and metabolism
of the F. betulina. A strong correlation between TPC and
AOA of  Daedaleopsis  confragosa,  Fomes  fomentarius,  F.
betulina, Inonotus obliquus, Pycnoporus cinnabarinus, and
Trametes  versicolor  was  also  shown  in  a  study  by
Szymański et al. [27]. The same correlation was observed
between  TPC  and  AOA,  as  determined  by  OH  and  LPx
inhibition  assays,  for  the  studied  fungi  F.  betulina,  F.
pinicola,  Ganoderma.  applanatum,  G.  lucidum,  and  T.
versicolor  [29].

Strain-specific  differences in ABA, AOA, and TPC were
consistent  across  F.  betulina  and  other  fungi  such  as  P.
ostreatus  [17],  Hericium coralloides,  H.  erinaceus  [16],  F.
fomentarius,  F.  pinicola  [25],  X.  polymorpha,  X.  longipes
[37], and also F. betulina [25].

Overall,  our  research  confirms  the  biological
therapeutic  potential  of  F.  betulina  strains,  highlighting
the  strain-specific  nature  of  their  antibacterial  and
antioxidant  activities,  as  well  as  their  phenolic  content.

CONCLUSION
This  study  evaluated  the  antibacterial  and  antioxidant

activities, along with the total phenolic content, of various F.
betulina  strains.  The  findings  highlight  the  importance  of
screening studies in identifying promising producer strains.
Among the tested strains, F. betulina 2777 and 2778 stood
out.  F.  betulina  2777  exhibited  the  highest  synthesis  of
extracellular phenolic compounds, while the mycelial extract
of  F.  betulina  2778  was  among  the  most  effective
antibacterial agents. Both strains demonstrated significant
antioxidant activity in both the mycelium and culture liquid.
Based  on  the  data  from  all  F.  betulina  strains,  mycelial
extracts  generally  appeared more  advantageous  across  all
biological activities. However, using both polar and nonpolar
solvents during extraction could enhance the identification
of biologically active compounds and expand the spectrum of
synthesized  metabolites.  Further  research  is  required  to
identify  and  characterize  biologically  active  compounds.

Cultivating  Birch  polypore  mushrooms  in  culture
presents  opportunities  to  enhance productivity,  optimize
incubation  conditions,  scale  up  mycelial  production,  and
develop  biologically  active  products  for  medicinal  and
veterinary  applications.



Strain-specific Activities of Fomitopsis betulina 11

AUTHORS' CONTRIBUTION
T.Z.:  Conducted  the  research,  analyzed  and

interpreted  the  data,  and  wrote  the  manuscript;  V.B.:
Reviewed  and  analyzed  the  manuscript  content,  made
corrections, and provided critical remarks; M.S.: Analyzed
the manuscript content, edited the manuscript, and made
corrections;  T.K.:  Designed and conducted the  research,
analyzed and interpreted the data, reviewed and analyzed
the  manuscript  content,  edited  the  manuscript,  and
provided  critical  remarks.

LIST OF ABBREVIATIONS

ABA = Evaluation of Antibacterial Activity
AOA = Evaluation of Antioxidant Activity
TPC = Evaluation of Total Phenolic Content
MBC = Minimum bactericidal concentration

RESEARCH INVOLVING PLANTS
Not applicable.

CONSENT FOR PUBLICATION
Not applicable.

AVAILABILITY OF DATA AND MATERIALS
The  authors  confirm  that  the  data  supporting  the

findings  of  this  study  are  available  within  the  article.

FUNDING
This work was financially supported by the projects of

the National Academy of Sciences of Ukraine under State
Registration Numbers 0121U108000 and 0124U002425.

CONFLICT OF INTEREST
Tetiana Krupodorova is on the Editorial Board of The

Open Agriculture Journal.

ACKNOWLEDGEMENTS
We  would  like  to  thank  Prof.  Nina  A.  Bisko  (M.G.

Kholodny Institute of Botany of the National Academy of
Sciences  of  Ukraine)  for  providing  Fomitopsis  betulina
strains  from  the  Mushroom  Culture  Collection  (IBK).

REFERENCES
Pleszczyńska M, Lemieszek MK, Siwulski M, Wiater A, Rzeski W,[1]
Szczodrak J. Fomitopsis betulina (formerly Piptoporus betulinus):
the  Iceman’s  polypore  fungus  with  modern  biotechnological
potential.  World  J  Microbiol  Biotechnol  2017;  33(5):  83.
http://dx.doi.org/10.1007/s11274-017-2247-0 PMID: 28378220
Gafforov Y, Deshmuk SK, Verekar SA, et al. Fomitopsis betulina[2]
(Bull.) B.K. Cui, M.L. Han & Y.C. Dai; Fomitopsis pinicola (Sw.) P.
Karst.  –  Fomitopsidaceae.  In:  Khojimatov  OK,  Gafforov  Y,
Bussmann RW, Eds. Ethnobiology of Uzbekistan. Cham: Springer
2023; pp. 1085-101.
http://dx.doi.org/10.1007/978-3-031-23031-8_108
Li  J,  Li  Z,  Duan  Y,  Liu  C,  Yan  M.  Secondary  metabolites  of[3]
Fomitopsis betulina: chemical structures, biological activity and
application prospects. J Fungi 2024; 10(9): 616.
http://dx.doi.org/10.3390/jof10090616 PMID: 39330376
Muszyńska B, Sułkowska–Ziaja K, Kała K, Lazur J, Krakowska A.[4]
The  main  directions  of  research  in  the  field  of  medicinal

mushrooms in the last thirty years at the Jagiellonian University
Medical College. Med Int Rev 2022; 29(117): 182-90.
Derkach I, Klymenko S. Current state of scientific research and[5]
prospects  for  using  basidiomycetes  in  veterinary  medicine:  A
literature review. Ukr J vet Sci 2023; 14(2): 57-75.
http://dx.doi.org/10.31548/veterinary2.2023.57
Nowotarska  P,  Janeczek  M,  Wiatrak  B.  Cytotoxic  activity  of[6]
Fomitopsis  betulina  against  normal  and  cancer  cells:  A
comprehensive  literature  review.  Contemp  Oncol  (Pozn)  2024;
28(3): 191-200.
http://dx.doi.org/10.5114/wo.2024.144223 PMID: 39512529
Sułkowska-Ziaja  K,  Szewczyk A,  Galanty A,  Gdula-Argasińska J,[7]
Muszyńska  B.  Chemical  composition  and  biological  activity  of
extracts from fruiting bodies and mycelial cultures of Fomitopsis
betulina. Mol Biol Rep 2018; 45(6): 2535-44.
http://dx.doi.org/10.1007/s11033-018-4420-4 PMID: 30317427
Sevindik M, Bal C, Eraslan EC, Uysal İ, Mohammed FS. Medicinal[8]
mushrooms: A comprehensive study on their antiviral potential.
Prospect Pharm Sci 2023; 21(2): 42-56.
http://dx.doi.org/10.56782/pps.141
Alves M, Ferreira I, Dias J, Teixeira V, Martins A, Pintado M. A[9]
review  on  antimicrobial  activity  of  mushroom  (Basidiomycetes)
extracts  and  isolated  compounds.  Planta  Med  2012;  78(16):
1707-18.
http://dx.doi.org/10.1055/s-0032-1315370 PMID: 23023950
Ranadive KR, Belsare MH, Deokule SS, Jagtap NV, Harshada KJ,[10]
Vaidya JG. Glimpses of antimicrobial activity of fungi from world. J
New Biol Rep 2013; 2(2): 142-62.
Krupodorova  TA,  Barshteyn  VY,  Zabeida  EF,  Pokas  EV.[11]
Antibacterial activity of macromycetes mycelia and culture liquid.
Microbiol Biotechnol Let 2016; 44(3): 246-53.
http://dx.doi.org/10.4014/mbl.1603.03003
Krupodorova  T,  Barshteyn  V,  Pokas  E.  Antibacterial  activity  of[12]
Fomitopsis  betulina  cultural  liquid.  Eureka  Life  Sci  2019;  6(6):
10-6.
http://dx.doi.org/10.21303/2504-5695.2019.001066
Kozarski M, Klaus A, Jakovljevic D, et al.  Antioxidants of edible[13]
mushrooms. Molecules 2015; 20(10): 19489-525.
http://dx.doi.org/10.3390/molecules201019489 PMID: 26516828
Vunduk J, Klaus A, Kozarski M, et al. Did the Iceman know better?[14]
Screening  of  the  medicinal  properties  of  the  Birch  polypore
medicinal  mushroom,  Piptoporus  betulinus  (Higher
Basidiomycetes). Int J Med Mushrooms 2015; 17(12): 1113-25.
http://dx.doi.org/10.1615/IntJMedMushrooms.v17.i12.10  PMID:
26854098
Pham  VL,  Pham  NDH,  Nguyen  HLN,  et  al.  The  relationship[15]
between  mycelial  growth  and  fruit  body’s  yield  of  oyster
mushrooms  (Pleurotus  spp.)  collected  from  southern  Vietnam.
Agric Technol Thail 2023; 19(1): 203-14.
Lomberg  M,  Krupodorova  T,  Krasinko  V,  Mykchaylova  О.  The[16]
antibacterial activity of culture filtrates and mycelia of selected
strains of macromycetes from the genus Hericium. Bot Serb 2023;
47(2): 241-9.
http://dx.doi.org/10.2298/BOTSERB2302241L
Krupodorova T, Barshteyn V, Tsygankova V, Sevindik M, Blume Y.[17]
Strain-specific features of Pleurotus ostreatus growth in vitro and
some of its biological activities. BMC Biotechnol 2024; 24(1): 9.
http://dx.doi.org/10.1186/s12896-024-00834-9 PMID: 38331794
Kizitska T, Barshteyn V, Sevindik M, Krupodorova T. Evaluation of[18]
Fomitopsis  betulina  strains  for  growth  on  different  media  and
exopolysaccharide production. Arch Biol Sci 2024; 76(3): 257-65.
http://dx.doi.org/10.2298/ABS240523018K
Bisko  N,  Lomberg  M,  Mykhaylova  O,  Mytropolska  N.  BK[19]
Mushroom  Culture  Collection.  Version  1.8.  The  IBK  Mushroom
Culture Collection of the M.G. Kholodny Institute of Botany. 2024.
Available from: https://ukraine.ipt.gbif.no/resource?r=ibk
Blois MS. Antioxidant determinations by the use of a stable free[20]
radical. Nature 1958; 181(4617): 1199-200.
http://dx.doi.org/10.1038/1811199a0
Singleton  VL,  Rossi  JA  Jr.  Colorimetry  of  total  phenolics  with[21]

http://dx.doi.org/10.1007/s11274-017-2247-0
http://www.ncbi.nlm.nih.gov/pubmed/28378220
http://dx.doi.org/10.1007/978-3-031-23031-8_108
http://dx.doi.org/10.3390/jof10090616
http://www.ncbi.nlm.nih.gov/pubmed/39330376
http://dx.doi.org/10.31548/veterinary2.2023.57
http://dx.doi.org/10.5114/wo.2024.144223
http://www.ncbi.nlm.nih.gov/pubmed/39512529
http://dx.doi.org/10.1007/s11033-018-4420-4
http://www.ncbi.nlm.nih.gov/pubmed/30317427
http://dx.doi.org/10.56782/pps.141
http://dx.doi.org/10.1055/s-0032-1315370
http://www.ncbi.nlm.nih.gov/pubmed/23023950
http://dx.doi.org/10.4014/mbl.1603.03003
http://dx.doi.org/10.21303/2504-5695.2019.001066
http://dx.doi.org/10.3390/molecules201019489
http://www.ncbi.nlm.nih.gov/pubmed/26516828
http://dx.doi.org/10.1615/IntJMedMushrooms.v17.i12.10
http://www.ncbi.nlm.nih.gov/pubmed/26854098
http://dx.doi.org/10.2298/BOTSERB2302241L
http://dx.doi.org/10.1186/s12896-024-00834-9
http://www.ncbi.nlm.nih.gov/pubmed/38331794
http://dx.doi.org/10.2298/ABS240523018K
https://ukraine.ipt.gbif.no/resource?r=ibk
http://dx.doi.org/10.1038/1811199a0


12   The Open Agriculture Journal, 2025, Vol. 19 Zaichenko et al.

phosphomolybdic-phosphotungstic acid reagents. Am J Enol Vitic
1965; 16(3): 144-58.
http://dx.doi.org/10.5344/ajev.1965.16.3.144
Seid  AE.  Mushroom  supplementation  in  promoting  health  and[22]
performance  of  poultry.  Open  Agric  J  2023;  17(1):
e187433152305260.
http://dx.doi.org/10.2174/18743315-v17-e230703-2023-9
Shang  RF,  Wang  GH,  Xu  XM,  et  al.  Synthesis  and  biological[23]
evaluation  of  new  pleuromutilin  derivatives  as  antibacterial
agents.  Molecules  2014;  19(11):  19050.
http://dx.doi.org/10.3390/molecules191119050
Alresly Z, Lindequist U, Lalketal M. Bioactive triterpenes from the[24]
fungus Piptoporus betulinus. Rec Nat Prod 2016; 10(1): 103-8.
Dresch  P,  D´Aguanno  MN,  Rosam  K,  Grienke  U,  Rollinger  JM,[25]
Peintner U. Fungal strain matters: Colony growth and bioactivity
of  the  European  medicinal  polypores  Fomes  fomentarius,
Fomitopsis pinicola and Piptoporus betulinus. AMB Express 2015;
5(1): 4.
http://dx.doi.org/10.1186/s13568-014-0093-0 PMID: 25642401
Keller  C,  Maillard  M,  Keller  J,  Hostettmann  K.  Screening  of[26]
European  fungi  for  antibacterial,  antifungal,  larvicidal,
molluscicidal,  antioxidant  and free-radical  scavenging activities
and  subsequent  isolation  of  bioactive  compounds.  Pharm  Biol
2002; 40(7): 518-25.
http://dx.doi.org/10.1076/phbi.40.7.518.14680
Szymański  M,  Szymański  M,  Smolibowska  J,  Szymański  A.  An[27]
investigation into the relationships between antioxidant activity
and chemical elements as well as polyphenolics in fungal fruiting
bodies growing on Betula L. J Elem 2018; 24(1/2019): 193-205.
http://dx.doi.org/10.5601/jelem.2018.23.2.1412
Reis FS, Pereira E, Barros L, Sousa MJ, Martins A, Ferreira ICFR.[28]
Biomolecule profiles in inedible wild mushrooms with antioxidant
value. Molecules 2011; 16(6): 4328-38.
http://dx.doi.org/10.3390/molecules16064328 PMID: 21613974
Kozarski M, Klaus A, Špirović-Trifunović B, et al. Bioprospecting[29]
of selected species of polypore fungi from the Western Balkans.
Molecules 2024; 29(2): 314.
http://dx.doi.org/10.3390/molecules29020314 PMID: 38257227
Sułkowska-Ziaja  K,  Muszyńska  B,  Motyl  P,  Pasko  P,  Ekiert  H.[30]
Phenolic compounds and antioxidant activity in some species of
polyporoid mushrooms from Poland. Int J Med Mushrooms 2012;
14(4): 385-93.
http://dx.doi.org/10.1615/IntJMedMushr.v14.i4.60  PMID:
23510176
Suay I, Arenal F, Asensio FJ, et al. Screening of basidiomycetes[31]
for  antimicrobial  activities.  Antonie  van  Leeuwenhoek  2000;
78(2):  129-40.

http://dx.doi.org/10.1023/A:1026552024021 PMID: 11204765
Schlegel  B,  Luhmann  U,  Härtl  A,  Gräfe  U.  Piptamine,  a  new[32]
antibiotic  produced  by  Piptoporus  betulinus  Lu  9-1.  J  Antibiot
(Tokyo) 2000; 53(9): 973-4.
http://dx.doi.org/10.7164/antibiotics.53.973 PMID: 11099232
Krupodorova T, Barshteyn V, Kizitska T, Kvasko H, Andriiash H,[33]
Tigunova  O.  Effect  of  ultraviolet  C  irradiation  on  growth  and
antibacterial activity of Fomitopsis betulina (Bull.) B.K. Cui, M.L.
Han and Y.C. Dai. GSC Biol Pharm Sci 2018; 4(3): 001-6.
http://dx.doi.org/10.30574/gscbps.2018.4.3.0073
Krupodorova TA, Barshteyn VYu, Kizitska TO, Pokas EV. Effect of[34]
cultivation  conditions  on  mycelial  growth  and  antibacterial
activity  of  Lentinula  edodes  (Berk.)  Singer  and  Fomitopsis
betulina.  Czech  Mycol  2019;  71(2):  167-86.
http://dx.doi.org/10.33585/cmy.71204
Vieira  Gomes  DC,  de  Alencar  MVOB,  dos  Reis  AC,  et  al.[35]
Antioxidant,  anti-inflammatory  and  cytotoxic/antitumoral
bioactives  from  the  phylum  Basidiomycota  and  their  possible
mechanisms of action. Biomed Pharmacother 2019; 112: 108643.
http://dx.doi.org/10.1016/j.biopha.2019.108643 PMID: 30784926
De Bruijn J, Loyola C, Aqueveque P, Cañumir J, Cortéz M, France[36]
A. Antioxidant properties of extracts obtained from Grifola gargal
mushrooms. Micol Apl Int 2009; 21(1): 11-8.
Atamanchuk  A,  Bisko  N.  Effect  of  extraction  solvents  on  the[37]
phenolic content and antioxidant capacity in Xylaria polymorpha
and Xylaria longipes strains. Bull T Shevchenko Nat Univ Kyiv Ser
Biol 2023; 94(3): 5-9.
http://dx.doi.org/10.17721/1728.2748.2023.94.5-9
Scalbert A, Andres-Lacueva C, Arita M, et al. Databases on food[38]
phytochemicals and their health-promoting effects. J Agric Food
Chem 2011; 59(9): 4331-48.
http://dx.doi.org/10.1021/jf200591d PMID: 21438636
Sabaragamuwa  R,  Perera  CO.  Total  triterpenes,  polyphenols,[39]
flavonoids, and antioxidant activity of bioactive phytochemicals of
Centella asiatica by different extraction techniques. Foods 2023;
12(21): 3972.
http://dx.doi.org/10.3390/foods12213972 PMID: 37959090
Zhao  Y,  Wang  Z,  Fu  R,  Xie  R,  Wang  B,  Li  Q.  Structural[40]
characterization  and  antioxidant  activity  of  processed
polysaccharides PCP-F1 from Polygonatum cyrtonema Hua. Front
Nutr 2023; 10: 1272977.
http://dx.doi.org/10.3389/fnut.2023.1272977 PMID: 37731400
Alvandi  H,  Hatamian-Zarmi  A,  Hosseinzadeh  BE,  Mokhtari-[41]
Hosseini  ZB,  Langer  E,  Aghajani  H.  Improving  the  biological
properties of Fomes fomentarius MG835861 exopolysaccharide by
bioincorporating  selenium  into  its  structure.  Carbohydr  Polym
Technol Appl 2021; 2: 100159.
http://dx.doi.org/10.1016/j.carpta.2021.100159

http://dx.doi.org/10.5344/ajev.1965.16.3.144
http://dx.doi.org/10.2174/18743315-v17-e230703-2023-9
http://dx.doi.org/10.3390/molecules191119050
http://dx.doi.org/10.1186/s13568-014-0093-0
http://www.ncbi.nlm.nih.gov/pubmed/25642401
http://dx.doi.org/10.1076/phbi.40.7.518.14680
http://dx.doi.org/10.5601/jelem.2018.23.2.1412
http://dx.doi.org/10.3390/molecules16064328
http://www.ncbi.nlm.nih.gov/pubmed/21613974
http://dx.doi.org/10.3390/molecules29020314
http://www.ncbi.nlm.nih.gov/pubmed/38257227
http://dx.doi.org/10.1615/IntJMedMushr.v14.i4.60
http://www.ncbi.nlm.nih.gov/pubmed/23510176
http://dx.doi.org/10.1023/A:1026552024021
http://www.ncbi.nlm.nih.gov/pubmed/11204765
http://dx.doi.org/10.7164/antibiotics.53.973
http://www.ncbi.nlm.nih.gov/pubmed/11099232
http://dx.doi.org/10.30574/gscbps.2018.4.3.0073
http://dx.doi.org/10.33585/cmy.71204
http://dx.doi.org/10.1016/j.biopha.2019.108643
http://www.ncbi.nlm.nih.gov/pubmed/30784926
http://dx.doi.org/10.17721/1728.2748.2023.94.5-9
http://dx.doi.org/10.1021/jf200591d
http://www.ncbi.nlm.nih.gov/pubmed/21438636
http://dx.doi.org/10.3390/foods12213972
http://www.ncbi.nlm.nih.gov/pubmed/37959090
http://dx.doi.org/10.3389/fnut.2023.1272977
http://www.ncbi.nlm.nih.gov/pubmed/37731400
http://dx.doi.org/10.1016/j.carpta.2021.100159

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Fungal and Bacterial Cultures
	2.2. Cultivation Conditions and Preparing of Extracts
	2.3. Evaluation of Antibacterial Activity (ABA)
	2.4. Evaluation of Antioxidant Activity (AOA)
	2.5. Evaluation of Total Phenolic Content (TPC)
	2.6. Statistical Analysis 

	3. RESULTS
	3.1. ABA of F. betulina Strains
	3.2. AOA of F. betulina Strains
	3.3. TPC of F. betulina Strains
	3.4. Correlation between ABA, AOA, TPC, EP, and Biomass

	4. DISCUSSION
	CONCLUSION
	AUTHORS' CONTRIBUTION
	LIST OF ABBREVIATIONS
	RESEARCH INVOLVING PLANTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


