BICHUK

KMIBCbKOIo HALIIOHAJIbHOIO YHIBEPCUTETY IMEHI TAPACA LUEBYEHKA

ISSN 1728-2748

BlONoris 1(84)/2021

3acHoBaHo 1958 poky

DOI 10.17721/1728_2748.2021.84.1-67

HaBeneHo ekcnepuMeHTanbHi AaHi Npo oco6nnsocTi 6yaoBK, po3BUTKY Ta (PYHKLLIOHYBaHHA POC/IMHHUX | TBAPUHHKUX Op-
raHismiB, conopy Ta payHy YkpaiHu, ogep)kaHi Ha OCHOBI AOCNIAXEHD, WO NPoBOAATLCA HaykoBusaMu HHL, "IHcTuTyT 6ionorii
Ta MeauuuHn" y ranysax ¢isionorii pocamH i TBapyH, reHeTukn, 6otaHiku, 3oonorii, Mikpob6ionorii, Bipyconorii. BuknageHo
TaKOoX HOBi AlaHi CTOCOBHO 6ioxiMiuHMX i 6i0chiz3MuHUX OCHOB perynsauii y KniTMHax i opraHax y HOpMi Ta nicns BN/MBY pi3-
HOMaHITHMX Pi3nKO-XiMiuHMX (PaKTOPiB, HABeA€HO pe3y/ibTaTu HOBMX METOANYHUX PO3PO6OK.

[Ans BuKNapavis, HAYKOBUX CNiBPO6iTHUKIB, acnipaHTiB i CTyAEHTIB.

MpuBepeHbl 3KCNepMMeHTabHble AaHHble 06 0CO6eHHOCTSAIX CTPOEHUS, Pa3BUTUA U (DYHKLIMOHUPOBaHUSA PacTUTENIbHbIX
M XXMBOTHbIX OopraHu3MoB, c¢iope u c¢ayHe YKpauHbl, NOJlyueHHbleé Ha OCHOBE WUCC/Ief0BaHUi, NPOBOAUMbBIX Y4YE€HbIMU
YHU "MHcTuTyT 6MONOrMm n MmeamumHbl” B 061acTsix (pu3nMonorun pacteHni u XXMBOTHbIX, FreHeTUKKU, 60TaHUKK, 300/10rUH,
MUKpo6nonorumn, Bupycosioruu. U3noxeHbl TaKkxe HOBble flaHHbIE 0 6MOXUMUUYECKNX N BModU3NUECKUX OCHOBaX perynsaunm
B KJIETKAX U opraHax B HOpMe U NnocJsie BO3AEeACTBUS Pa3/IMYHbIX (PU3NMKO-XUMMMNUYECKUX (PAKTOPOB, NpUBeAeHbl pe3ynbTaTbl
HOBbIX METOANYECKUX pa3paboTok.

[ns npenoaaBaTeniei, Hay4YHbIX COTPYAHUKOB, aClMPAHTOB U CTYAEHTOB.

Collection of articles written by the scientists of ESC "Institute of biology and medicine" contains data on research in
molecular biology, physiology, genetics, microbiology, virology, botanics, zoology concerning the structure, development and
function of the plant and animal organisms, flora and fauna of Ukraine. Results of newly developed biophysical methods of
biological research, biochemical data regarding metabolic regulation under the influence of different factors are presented.

For scientists, professors, aspirants and students.

BIANOBIAANIbHUW PEAAKTOP 1. I. OctanuyeHko, a-p 6ion. Hayk, npod.
PEOAKUIAHA €. 0. Toprano, kaHa. 6ion. Hayk (Bian. cekp.); C. €. Bakan, kaHa. 6ion. Hayk (TexH.
KOJEris cekp.); LWaHaop Makaii, a-p 6ion. Hayk, npod. (M. Com6aTxeii, YropwuHa); IsaH By6-

puak, kaHa. mea. Hayk (Okcdopa, Benmka Bputanis); B. I'. Xonepis, A-p mea. Hayk,
npod.; A. M. NloBopyH, A-p 6ion. Hayk, npod., un.-kop. HAH Ykpainu (M. KuiB, YkpaiHa);
B. C. MaptuHiok, a-p 6ion. Hayk, npod.; M. 0. Makapuyk, a-p 6ion. Hayk, npod.;
H. 10. TapaH, Aa-p 6ion. Hayk, npod.; A. B. CusBono6, p-p 6ion. Hayk, npod.;
B. B. )xaraH, kaHA. 6ion. Hayk, gou.; A. I'. MoiliceeHok, a-p 6ion. Hayk, npod.,
un.-kop. (M. poagHo, Binopycb), O. B. Xonoc, a-p 6ion. Hayk, npod.; BpaiioH
KaneHrxemMm, o-p mea. Hayk, npod. (M. Kem6pupxk, Benuka BpuraHin); T. B. BeperoBa,
BA-p 6ion. Hayk, npod.; C. B. MuamneHko, a-p 6ion. Hayk, npod. (M. MonTaBa, YkpaiHa);
M. €. [isep>XuHCbkWiA, A-p 6Gion. Hayk, npod.; O. . CknsApoB, A-p MeA. HaykK, npod.
(m. JlbBiB, YKpaiHa); A6eHaBoni Jlrogosiko, A-p men. Hayk (M. KataHasapo, ITanis)

Appeca pepkonerii HHL "IncTuTyT 6ionorii Ta MeguumnHN";
npocn. akaa. MnywkoBa, 2 a, M. Kuis, 03127, YkpaiHa
® (38044) 521-35-98; www.biovestnik.com; bulletin.vestnik@gmail.com

3aTBepaXKeHo BueHoro paporo HHL "IHcTutyT 6ionorii Ta MmeanumHm "
09.02.21 (npotokon N2 8)

ATtecToBaHO Buuoro aTecTauiiiHOO KOMicCielo YKpaiHu.
MNocraHosa Mpe3unaii BAK YkpaiHu
N2 1-05/3 Bia 14.04.10

3apeecTpoBaHO MiHicTepcTBOM HOCTULIT YKpaiHK.
CBigouTBO NPO AAepXKaBHY peecTpauito
KB N2 16053-4525 MNP Big 09.11.09

3aCHOBHMK KuiBCcbKkuii HauioHanbHMi yHiBepcuTet iMeHi Tapaca LLleBueHka,
Ta BUAaBeLlb BuaaBHuuo-nonirpacdiuHmii ueHTp "KuniBcbKkuii yHiBepcuTet".
CBiAoOLTBO BHECEHO A0 [lep)xaBHOro peecTpy

AK N2 1103 Bip 31.10.02

Appeca Buaasus BIL, "KuiBcbknit yHiBepcuteT",
6-p Tapaca LLleBueHka, 14, M. Kunis, 01601, YkpaiHa,
= (38044) 239 31 72, 239 32 22; chakc 239 31 28

XXypHan BxoauThb Index Copernicus (3 2012 p. ICV — 2019 = 65,93), Cite Factor (3 2014 p.), Research
AO HayKOMeTpu4yHux 6as: Bible (i3 2013 p.). Academic Keys (3 2013 p.), DOAJ (3 2013 p.), EBSCO.EJS (i3 2012 p.),
Free medical journals list of Geneva Foundation for Medical Education and
Research (i3 2014 p.); HINARI (i3 2013 p.); Medical Journals Links (3 2013 p.);
OAJI (i3 2012 p.); The Knowledge Network (i3 2014 p.); Ulrich's Periodicals
Directory (i3 2012 p.); WorldCat (i3 2013 p.); "HaykoBa nepioauka YkpaiHn" B
HauioHanbHii 6i6nioTeui Ykpainu imeHi B. I. BepHagcbkoro Ta B HauioHanbHoMy
Aeno3uTapii akageMiuyHUX TeKCTiB

© KwuiBcbkuii HauioHanbHMi1 yHiBepcuTeT iMeHi Tapaca LLleBueHka,
BIL| "KuiBcbkuii yHiBepcutet”, 2020




~14 ~ B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LleBueHka ISSN 1728-3817

YK 582.284.5 : 579.222
DOI 10.17721/1728_2748.2021.84.14-18

D. Boromenskyi, PhD Student, N. Bisko, Dr Hab., G. Al-Maali, PhD, O. Polishchuk, PhD
M. G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine, Kyiv, Ukraine

THE CONTENTS OF GANODERIC ACIDS IN MYCELIUM
OF DIFFERENT GANODERMA SPECIES (GANODERMATACEAE) OBTAINED
BY DIFFERENT METHODS OF CULTIVATION

The effect of different cultivation methods on the content of ganoderic acids of 7 species, 10 strains of the Ganoderma genus
(Ganoderma applanatum 1899; Ganoderma carnosum 2502; Ganoderma lucidum 1904; Ganoderma resinaceum 2477, 2503;
Ganoderma sinense 2516; Ganoderma tsugae 1848, 2024, 2566, Ganoderma oregonense 2560) genus fungi from the IBK Mushroom
Culture Collection M.G. Kholodny Institute of Botany of National Academy of Sciences of Ukraine was investigated. It has been shown
that the submerged cultivation method is more efficient for the accumulation of ganoderic acids for five strains. In the mycelium of the
strain G. sinense 2516 was the highest content of ganoderic acids — 25.2 + 1.5 mg / g. The productivity (yeld) of ganoderic acids
synthesis is much higher with using the submerged culture cultivation method for mycelium of all used species and strains since the
use of this method provides the accumulation of much more biomass in comparison with the static liquid cultivation method. The
highest yield amount of ganoderic acids was in the mycelium of the G. tsugae 2024 and G. tsugae 2566 species, namely: 0.35 * 0.019
and 0.36 + 0.028 g/ I. It was proved that the modified extraction method significantly reduces the extraction time of ganoderic acids.
Extraction time is reduced from 14 to 2 days. For the G. sinense 2516 and G. tsugae 2024 strains was determined content of the
ganoderic acids and their yield in dynamics of grows in the submerged culture on 6, 8, 10, 12, 14, 16, 18 and 20 day of cultivation. The
highest amount of the ganoderic acids content was accumulated by the mycelium of the strain G. sinense 2516 — it was 26.4*1.5mg/g
on the 14th day of cultivation. The highest yield of the ganoderic acids was in G. sinense 2516 on 14th day, and G. tsugae

2024 mycelium on the 16th day of cultivation with the next numbers 0.6 £ 0.031, 0.62 % 0.033 and 0.62 + 0.027 g/I.
Keywords: Ganoderma, ganoderic acids, submerged cultivation, Ganoderma tsugae, Ganoderma sinense.

Introduction. Ganoderma P. Karst. is a genus of
polypore fungi, growing on different types of both conifers
and deciduous trees. Species of Ganoderma are well-known
for their medicinal effects, and in Asian countries they have
been used in traditional medicine for over 2000 years [1]. It
was discovered that not only fruit bodies, but also mycelium
of fungi of this genus contain biologically active compounds
[2]. Among them are polysaccharides, proteins, amino acids,
cytokines and more than 150 different triterpenoids, including
ganoderic acids [3, 4, 5]. According to the PubChem
database, there are currently over 60 types of ganoderic acids
[https://pubchem.ncbi.nim.nih.gov]. Ganoderic acids show
antitumor, antiviral (including HIV), anti-inflammatory,
antihistamine activity [6, 7]. Such properties make these
substances promising for medical and pharmaceutical
applications. However, most of the global studies were
focused on Ganoderma Iucidum (Curtis) P. Karst. as a
source of ganoderic acids, while other species have not
been sufficiently studied [8]. Therefore, the study of
ganoderic acids from different species and strains of
Ganoderma and the effect of cultivation conditions on their
amount in the fungal biomass is promising and necessary.

Material and methods. Strains from the IBK Mushroom
Culture Collection of the M.G. Kholodny Institute of Botany
NASU [9] cultivated by static and submerged cultivation
methods were selected for the study: Ganoderma
applanatum 1899 (Pers.) Pat., G. carnosum 2502 Pat.,
G. lucidum 1904 P. Karst., G. resinaceum 2477, 2503 Boud.,
G. sinense 2516 J.D. Zhao, LW. Hsu & X.Q. Zhang,
G. tsugae 1848, 2024, 2566 Murrill, G. oregonense 2560 Murrill.

The inoculum was initially prepared by cultivating
mycelium on a glucose-yeast-peptone agar medium at 26 +
0.1 °C containing (g/l): glucose — 25, peptone — 3, yeast
extract — 3, MgSO4 — 0,25; KH2PO4 — 1; K2HPO4 — 1; agar-
agar — 22; pH — 6,0. Glucose Peptone Yeast (GYP) was
used for static and submerged cultivation (g/l): glucose — 25,
peptone — 3, yeast extract — 3, MgS0O4 - 0,25; KH2PO4 — 1;
K2HPO4 - 1; pH - 6,0.

Liquid static cultivation was conducted under the
following conditions: temperature 26 + 0.1 °C, 50 ml of GYP
in 250 ml Erlenmeyer flasks for 14 days. Inoculation was
performed with 5 discs of mycelium grown on a glucose-
yeast-peptone medium. Mycelium discs 5 mm in diameter
were cut out with a sterile steel tube at a distance of 8-10
mm from the edge of active colony growth.

Submerged cultivation was conducted on a laboratory
shaker under the following conditions: temperature 26 + 0.1 °C,
agitation speed 120 rpm, 100 ml of GYP in 500 ml Erlenmeyer
flasks for 14 days. Inoculation was conducted with
homogenized inoculum, which was grown in Petri dishes on
a glucose-yeast-peptone agar medium. The inoculum was put
into flasks in the amount of 10% of the nutrient medium.

To study the dynamics of biomass and productivity of
synthesis of ganoderic acids, mycelium was grown by
submerged cultivation method. Biomass was taken on 6, 8,
10, 12, 14, 16, 18, and 20 days of cultivation. After
cultivation, the mycelium was separated from the nutrient
medium by filtration through a nylon filter and washed with a
potassium-phosphate buffer. The mycelium was dried to a
constant weight at 60 + 0.1 °C. The amount of dry biomass
was calculated in g/l considering the mass of inoculum.

Ganoderic acids (GAs) were extracted from biomass by
two methods — according to the classical method [10]: in the
initial stage, the mycelium biomass (0.1 g) was extracted in
3 ml 70% methanol by temperature 4 + 0.1 °C for 7 days;
the procedure was repeated twice; after mycelium removal
by centrifugation, the supernatant was evaporated at 50 °C
under vacuum. The residue was dissolved in distilled water,
after which chloroform extraction was performed. GAs from
chloroform extract were further extracted with 5% NaHCOs.
At the next stage, the pH of the NaHCOs-phase was brought
to 2.5 with 2N HCI, after which GAs were extracted from
NaHCO3-phase with chloroform. After chloroform removal on
vacuum evaporator, the residue containing GAs was
dissolved in absolute methanol. Concentration of GAs was
measured at 245 nm on spectrophotometer SF 46 LOMO
(USSR). A modified version of the classic extraction method
was also used. At the initial stage, the mycelium biomass (0.1 g)
was extracted in 3 ml 70% methanol at 26 + 0.1 °C and 120 rpm,
for 24 hours. The procedure was repeated twice. Further
stages of extraction were carried out according to the classical
method. The productivity of GAs synthesis was determined as
the amount of ganoderic acids in biomass (g) per unit of
nutrient medium (l) during the time of cultivation [11].

The number of repeats was 4. Statistical analysis was
performed using Microsoft Excel software.

Results and discussion. When comparing the amount
of GAs in mycelium of different species and strains of
Ganoderma fungi in different cultivation conditions, the
higher concentrations were generally observed while using
submerged cultivation methods (Fig. 1).

© Boromenskyi D., Bisko N., Al-Maali G., 2021
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The strains of G. tsugae 1848 and G. sinense 2516
contained 58% and 42.9% more GAs, respectively, when
cultivated by submerged method, as compared to static liquid.
Strains of G. resinaceum 2477, 2503, G. oregonense 2502
and G. carnosum 2502 produced approximately the same
amount of GAs under static liquid and submerged cultivation
conditions (the values are within statistical error limits).
Mycelia of G. tsugae 2024, 2566, G. applanatum 1899, and
G. lucidum 1904 grown by submerged cultivation had
significantly higher amounts of GAs then those grown under
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static liquid conditions (Fig. 1). The highest level of GAs,
25.2 + 1.5 mg/g, was found in the mycelium of G. sinense
2516, grown by submerged cultivation. As for the strain
diversity of species, the GAs content of both strains of
G. resinaceum was practically the same under both cultivation
conditions. At the same time, G. fsugae strains had
differences in the GAs content in the mycelium grown under
static liquid conditions. Namely, the mycelium of G. tsugae
strain 2566 accumulated 23.3% more GAs than G. tsugae
2024 and 56.7% more than G. tsugae 1848 (Fig. 1).
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Fig. 1. The content of ganoderic acids in the mycelium of various species and strains of Ganoderma fungi under static
and submerged cultivation conditions

All strains, except G. oregonense 2560, had a significant
advantage in the productivity of GAs synthesis by mycelium
when grown under submerged cultivation conditions (Fig. 2).
This is due to the fact that most species and strains
accumulate significantly higher amounts of biomass in
submerged culture, which was described in our previous
study [11]. The highest productivity of GAs synthesis
= 0.35g /1, was in G. tsugae 2024 and 2566 strains grown
in submerged culture, with the difference between them
being in the range of statistical error (Fig. 2). Also the highest
yield of endopolysaccharides synthesys was in mycelium of
G. tsugae 2024, that was demonstrated in our previous
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experiment [11]. These results are due to the fact that strain
G. tsugae 2024 acummulated the highest level of biomass,
than other strains.Based on the results of this part of the
study, strains of G. sinense 2516 (with the highest GAs
content) and G. tsugae 2024 (with the highest biomass
accumulation and productivity of GAs synthesis) in
submerged culture were selected for further research. The
application of the modified method of GAs extraction
allowed to significantly reduce the total time of GAs
extraction without loss of substance in comparison with the
classical method. Therefore, in our further research a
modified method was used.

"I«b‘ o

© a

I S I S o

eV e \ ,\'L My My

& & & &
N & &’ > &
& o & P o“
G (o P al (9.\
o &
o

@ Static liquid culture

Fig. 2. Productivity of synthesis of ganoderic acids by the mycelium of various species and strains of Ganoderma fungi
under static and submerged cultivation
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As the diagram in Fig. 3 shows, the mycelium GAs
content of G. tsugae 2024 and G. sinense 2516 strains
increased gradually from the 6th day to a peak on the
14th day of cultivation, and after that, it began to decline. On
the 6th day of cultivation, the amount of GAs in mycelium of
both species was almost equal, and increased significantly
already on the 8th day of cultivation, by 56.5% and 63.3% in
G. tsugae 2024 and G. sinense 2516, respectively. In all
other days there was a gradual increase in the content of
GAs, with a dominant strain of G. sinense 2516. On the 14th
day, the GAs content in the mycelium of both strains

3L
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8 day

Content, mg /g

& day 10day

| G. tsugae 2024

12 day

reached its maximum, while in G. tsugae 2024 this
parameter was 9% lower than for G. sinense 2516. After that
the trend of higher content of GAs was maintained in
G. sinense 2516 (Fig. 3) In addition, on the 16t, 18" and
20" day of cultivation, the content of GAs in G. sinense
2516 mycelium varied within the statistical error and was
lower than that on the 14th day of cultivation. On the
16th day of cultivation, the GAs content in mycelium of
G. tsugae 2024 was as high as on the 14th day of
cultivation, but decreased and remained almost
unchanged on the 18th and 20th days of cultivation.

14 day 16 day 18 day 20day

aG. sinense 2516

Fig. 3. The dynamics of ganoderic acids content in the mycelium of G. tsugae 2024 and G. sinense 2516

Data analysis in Fig. 4 indicates that both studied strains,
G. tsugae 2024 and G. sinense 2516 showed extremely low
yield of GAs synthesis on the 6th day of cultivation. This is
related both to the small amount of biomass and the low
level of GAs. On the 8th day of cultivation, the yield of GAs
synthesis by both strains increased remarkably, although in
G. sinense 2516 this value was almost twice as high as in
G. tsugae 2024. However, on the 10th, 12th, and 14th days
this parameter was almost the same for each of the strains
(the values lied within the statistical error limits). The peak
of productivity in G. sinense 2516 occurred on the 14™ day
and gradually decreased up to the 20" day of cultivation,
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which was related to the reduction of biomass and GAs
content. The difference between the yield of G. sinense
2516 on the 14th and 6th days of cultivation (the highest and
lowest value) was 98% (Fig. 4). For the mycelium of
G. tsugae 2024, the peak of productivity occurred on the
16th day of cultivation, but on the 14th, 18th, and 20 days of
cultivation the value varied within the statistical error, which
was associated with an increase in the biomass
accumulation of the mycelium of this strain. The difference
between the synthesis productivity of G. tsugae 2024 on the
14th and 6th days of cultivation (the highest and lowest
value) was also 98% (Fig. 4).

14 day 16 day 18 day 20 day

0AG. sinense 2516

Fig. 4. Dynamics of synthesis productivity of ganoderic acids by G. tsugae 2024 and G. sinense 2516
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Analysis of literature data on the content and productivity
of GAs in the mycelium of different species and strains of
the genus Ganoderma, including the impact of different
cultivation conditions shows that the majority of researchers
used strains of G. lucidum in their studies [14].

Fang and Zhong report GAs content of 18.6 mg/g and
GAs synthesis yield of 0.267 g/l under submerged cultivation
conditions for G. lucidum [12], which is 29.5% and 57.1%
lower, respectively than similar parameters in the highest
results, what we got in our study: GAs content of
G. sinense 2516 is 26,4 mg/g, and productivity of G. tsugae
2024 is 0.623 g/I. In another study, Zhang and Tang [13]
published the results on the positive effect of light exposure
on G. lucidum mycelium in submerged culture and GAs
content was 31 mg/g, which is 14.8% more than the same
parameter in our experiment, but the productivity was
0.466 g/l [13], which is 25% lower than the maximum value
in our study. According to Tang et al. [15], the GAs content
and productivity were higher, but they were using a
bioreactor for G. lucidum cultivation. The two-stage
cultivation method in flasks allowed to obtain very high
values for the specified parameters, GAs content was
44.7 mg/ g, and the productivity of GAs synthesis was 1.427 g/l
in mycelium of G. lucidum [16], which was 50% and 56.3%
higher than the maximum values obtained in our study.

Wei et al. [8] in their study screened different species
for GAs content and optimized cultivation conditions for the
selected G. lucidum strain. As a result, after selecting the
optimal nutrient medium and using 300 | bioreactor, the
values of 20 mg/g on the GAs content and productivity of
0.677 g/l were obtained. Therefore, the highest GAs
content of G. sinense 2516 strain we used in the study was
24.2% higher than that of the above researchers, but the
maximum yield what we got was 7% lower. It should be
noted that the cultivation time in our study was 5 days
longer. It was, because using a bioreactor is better way to
cultivation mycelium biomass then the Erlenmeyesr's
flasks with laboratory shaker.

Based on the results of the experiment, it is advisable to
consider strains G. tsugae 2024 and G. sinense 2516 from
the IBK Mushroom Culture Collection of the M.G. Kholodny
Institute of Botany NASU as promising producers of valuable
biologically active substances — ganoderic acids.

Conclusion. It was found that the submerged cultivation
method has an advantage over the static cultivation method
in terms of GAs accumulation parameter for 5 out of
10 studied strains and species (for 2 strains of G. tsugae,
G. sinense 2516 as well as G. lucidum 1904 and
G. applanatum 1899).

It was proved that the submerged cultivation method has
a significant advantage over the static culture in terms of
GAs synthesis productivity for all strains and species used
in the study, except G. oregonense 2560.

It was established that our modified method of GAs
extraction allows to significantly reduce the total time of their
extraction from mycelium.

It was proved that the mycelium of the different strains of
one specie (G. tsugae) could accumulate different number
of GAs in the same conditions of cultivation.
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. BopoMeHcbkui, acn., H. Bicbko, A-p 6ion. Hayk, . Anb-Maani, kaHA. 6ion. Hayk, O. Moniwyk, kaHA. 6ion. Hayk
IHcTUTYT GoTaHiku imeHi M. I". XonogHoro HauioHanbHoi akagemii Hayk Ykpailu, KuiB, YkpaiHa

BMICT TAHOOEPOBUX KUCJTIOT
Y MILERNIT PI3HUX BUAIB POOY GANODERMA (GANODERMATACEAE),
OTPUMAHOI'O PIBHUMU CITOCOBAMU KYIIbTUBYBAHHSA

Y x00i docnidxeHHs1 nepegipeHo annue pi3Hux crnocobie KynbmueyeaHHsI Ha eéMicm 2aHodeposux kKucriom 7 eudie, 10 wmamie 2pubie pody
Ganoderma 3 Konekyii kynbmyp wanuHkosux 2pubie (IBK) Incmumymy 6omatiku imeHi M. I. XonodHozo HAH YkpaiHu: Ganoderma applanatum
1899; Ganoderma carnosum 2502; Ganoderma lucidum 1904; Ganoderma resinaceum 2477, 2503; Ganoderma sinense 2516; Ganoderma tsugae 1848,
2024, 2566, Ganoderma oregonense 2560. [JogsedeHo, w0 Ans1 5 sudie anubuUHHUl crnocié KynbmueyeaHHs1 € egheKmusHiwuM Onsi HaKONMUYeHHs 2a-
Hodepoeux Kucsiom. BuzHavyeHo, wo Hali6inbwul eMicm 2aHodepoeux Kucsiom 6ye y miyenii wumamy G. sinense 2516 — 25,2+1,5 me/2. [podykmue-
Hicmb cuHme3y 2aHodeposux Kucsiom Habazamo suuia 3a 6UKOPUCMaHHS 2/TUGUHHO20 crocoby KynbmusyeaHHs1 Onsi Miyenito ecix eudie i wmamis,
3aedsiku moMy, W0 3acimocyeaHHs1 8kazaHO20 crocoby 3abesneyye HaKOMUYeHHs 3Ha4YHO Ginbwor Kinbkocmi 6ioMacu NopieHsIHO 3 MeMoAOM Mo8epXx-
Hes020 KynbmueysaHHsi. Halibinbwa npodykmueHicmb cuHme3y 2aHodeposux Kucsiom 6yna ompumaHa ons miyeniro sudie G. tsugae 2024 ma G. tsugae
2566 3i 3HayeHHsIMu 0,35%0,019 ma 0,360,028 2/n. [JosedeHo, wyo ModudpikosaHuli crnoci6 ekcmpakuii 003eosisie 3Ha4YHO CKOpOMUMU Yac eKcmpakuii
2aHodeposux Kucsiom. [lopieHsIHO 3 Knacu4HUM MemodoM Yyac eKkcmpakyii 3meHwyembcs i3 14 do 2 0i6. [MepesipeHo emicm 2aHOOeposux Kucsom i
npodykmueHicms ixHb020 cuHme3y Ons wmamie G. sinense 2516 ma G. tsugae 2024 e duHamiuyj, eupowjeHux y 2iTubUHHIl Kynbmypi, Ha 6, 8, 10, 12, 14, 16,
18 ma 20 o6y KynbmueyeaHHsi. Halisuwly kinbkicmb 2aHOOeposux Kuc/iom Hakornuyyeas Miyeniti wmamy G. sinense 2516 — 26,4%1,5 m2/z Ha
14 o6y KynbmueyeaHHsi. Halibinbwa npodykmueHicms cuHme3y 2apodeposux Kucsiom 6yna y G. sinense 2516 ma G. tsugae 2024 Ha 14 006y Kynbmu-
sysaHHs ma G. sinense 2516 Ha 16 doby, i cknadana 0,610,031, 0,62+0,033 ma 0,62+0,027 2/n 8idnosidHo.

Knroyoei cnoea: Ganoderma, 2aHodepoei kucriomu, 2nu6uHHe KynbmueyeaHHsi, Ganoderma tsugae, Ganoderma sinense.

. BopomeHckui, acn., H. Bucbko, a-p 6uon. Hayk, I. Anb-Maanu, kaHg. 6uon. Hayk, O. Monuwyk, kKaHAa. 6uon. Hayk
WHcTuTyT 60TaHnkn nmeHn M. I'. XonogHoro HaunoHanbHow akagemun Hayk YkpauHbl, Kues, YkpauHa

COOEPXXAHUE rAHOOEPOBbIX KNCNOT
B MULIENTUN PA3NTIMYHbLIX BUOOB POOA GANODERMA (GANODERMATACEAE),
NOJTYYEHHOI'O PA3JINYHBIMM CMNOCOBAMU KYNIbTUBUPOBAHUA

B xo0e nposedeHHo20 uccredogaHusi 6b1710 MPOBEPEHO 8IIUSHUE Pa3IUYHbIX C10c0608 KyfibmueupoeaHusi Ha codepxaHue 2aH00epPo8bIX KUC-
nom 7 eudoe, 10 wmammoe 2puboe poda Ganoderma u3 KosJleKUuu Kynbmyp WisinoyYHbix 2pu6oe (IBK) MHcmumyma 6omaHuku umeHu
M. I. Xonoduozo HAH YkpauHbi: Ganoderma applanatum 1899; Ganoderma carnosum 2502; Ganoderma lucidum 1904; Ganoderma resinaceum 2477,
2503; Ganoderma sinense 2516; Ganoderma tsugae 1848, 2024, 2566, Ganoderma oregonense 2560. [JokazaHo, Ymo 0551 5 eudoe 21y6UHHbIU cr1oco6
KynibmueuposeaHus sienisiemcsi aghghekmueHbIM 01151 HakonsieHus1 2aHodeposbix kucsom. OnpedeneHo, 4Ymo Haubosbuwee codepxaHue 2aHO0epPo8bIX
Kucsiom 6bin10 8 Mmuyenuu wmamma G. sinense 2516 — 25,2+1,5 me/y. [lpouzeodumenbHOCMb cUHMe3a 2aHO0epoe8bIX Kucsom 2opa3do ebiwe npu
ucnosnib308aHuU 251y6uUHHO20 crocoba KynbmueupoeaHusi 0151 Muyenusi ecex eudoe u wmammos, 651azodapsi Momy, Ymo UCnosib308aHuUe yKa3aH-
Ho20 crnocoba obecreyusaem HakorieHUe 3HayumesibHo 6osibuwie2o Konuyecmea 6uomMacchl Mo CPasHeHUD ¢ MeMOAGOM M08ePXHOCMHO20 KyIlb-
mueupoeaHusi. Haubonbwasi npouzeodumesibHOCMb cuHMe3a 2aHodepoebix Kucrom 6bina nosnyveHa Ons muyenusi eudoe G. tsugae 2024 u
G. tsugae 2566 co 3HayeHusimu 0,350,019 u 0,360,028 2/n. JokazaHo, Ymo MOOUGpULUPOBaHHbIL CMOCO6 IKCMpaKyuu no3eoJsisiem 3Ha4umesibHO
CoKpamumb epeMsi IKCmpakyuu 2aHodepoebix Kucrom. [1o cpasHEHUI C KiaccuyecKkuM MemodoM 3Kcmpakyuu epemsi ymeHbwaemcs ¢ 14 do
2 cymok. Bbino npoeepeHo codepxaHue 2aHOOepoe8bIX KUC0m U npou3eodumesibHOCMb UX cuHme3a onsi wmammos G. sinense 2516 u G. tsugae
2024 e OuHaMuKe, eblpaWieHHbIX 8 2i1y6uHHoU Kynbmype, Ha 6, 8, 10, 12, 14, 16, 18 u 20 cymku KynbmueupoeaHusi. Hauebicwee Konu4ecmeo 2aHo-
depoebix Kucsom Hakannuean muyenuli wmamma G. sinense 2516 — 26,4+1,5 me/2 Ha 14 cymku KynbmueupoeaHusi. Haubonbwasi npouzeodumersb-
Hocmb cuHme3a 2apodeposbix Kucsiom 6bina e G. sinense 2516 u G. tsugae 2024 Ha 14 cymku KynbmueupoeaHusi u G. sinense 2516 Ha 16 cymku, u
cocmaensna 0,6+0,031, 0,62+0,033 u 0,62+0,027 2/1 coomeemcmeeHHO.

Knroueenie cnosa: Ganoderma, 2zaHodepoesbie Kucsomsl, 2ly6uHHoe KysibmueupoeaHue, Ganoderma tsugae, Ganoderma sinense.



