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Purpose. This study was conducted to enhance comprehension of the dynamic process of synthesis of
phenolic compounds by representatives of the genus Xylaria, and the correlation between phenol content
and antioxidant properties found in biomass and culture liquid during submerged cultivation.

Methods. Cultivation of Xylaria polymorpha and Xylaria longipes fungal strains from the IBK
Mushroom Culture Collection was carried out on a glucose-yeast-peptone nutrient medium under sub-
merged conditions. Harvesting of both biomass and culture liquid was done on the 3rd, 5th, 7th, and 9th
day of cultivation, followed by extraction with ethyl acetate. The total phenol content of extracts was
determined using the Folin—Ciocalteu method and the antioxidant potential was evaluated through the
DPPH assay.

Results. Findings revealed that the accumulation of phenolic compounds by fungal species of the
Xylaria genus was specified on a strain level. Notably, X. longipes strains exhibited higher production of
phenolic constituents compared to X. polymorpha and demonstrated superior antioxidant activity at a
specific time of cultivation. Furthermore, a strong correlation was established between the dynamics of
polyphenol accumulation and antioxidant activity in both mycelial biomass and culture liquid.

Conclusions. Natural phenolic compounds with antioxidant properties were extracted from the bio-
mass and culture liquid of the studied strains. Significantly higher concentrations of phenolic com-
pounds and values of antioxidant activity were found in the biomass compared to the culture liquid. The
results indicate that a later day of cultivation is not necessarily equivalent to the production of more
phenols, emphasizing the need for a comprehensive assessment of the accumulation of these compounds

and the dynamic study of related parameters.
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According to many scientists, fungi of
the genus Xylaria Hill ex Schrank can be
attributed to promising producers of a variety
of biologically active substances, serving
both the final and a side product during
cultivation. In previous studies regarding
metabolites of Xylaria species different groups
of natural products such as diterpenoids,
sesquiterpenoids, diterpene and triterpene
glycosides, steroids, alkaloids and phenolics
were discovered [1—-3]. Since these compounds
proved to possess antibacterial [4], antifungal
[5, 6], cytotoxic [7], and other pharmacological
activities, the interest in xylariaceous fungi
as producers of biologically active substances
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has been growing. Among them, phenolic
constituents are of particular interest because
of their remarkable potential as free radical
scavengers [8]. However, it is worth noting that
most of these compounds were obtained from
the fruiting bodies of these fungi, while there
are rather limited studies on their cultivation.
Nevertheless, the practical use of fungi is
closely related to the production of mycelium
through different methods of cultivation, which
is why many modern studies are focused on the
optimization of culture conditions [9, 10]. The
method of submerged cultivation applied in
this study presents a promising approach for
obtaining both mycelium and culture liquid
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containing bioactive compounds, facilitating
their subsequent analysis.

As a result of a preliminary screening of
species of the genus Xylaria from the IBK
Mushroom Culture Collection for biological
activity, Xylaria polymorpha (Pers.) Grev.
and Xylaria longipes Nitschke were selected
for the study. Cultural and morphological
data on growth rates on different nutrient
media were used to select two strains of both
species [11]. This study aimed to analyze
the growth-associated dynamics of phenol
production and antioxidant capacity during
submerged cultivation of these fungi. Since
phenolic compounds have been registered
among the main contributors to the antioxidant
activity of fungi [12] a correlation between
the accumulation of phenolic compounds and
antioxidant activity in both biomass and culture
liquid extracts was of particular interest.

Materials and Methods

The basal glucose-yeast-peptone nutrient
medium (GYP) composed of (g/1): glucose,
25; peptone, 3; yeast extract, 3; MgSO,,
0.25; KH,PO,, 1; K,;HPO, was used for the
cultivation of the mycelium. Fungal strains
IBK 2720, 2736 of X. polymorpha and IBK
2718, 2726 of X. longipes used in this study
are from the IBK Mushroom Culture Collection
of the M.G. Kholodny Institute of Botany.
Strains were initially grown in Petri dishes for
7 days at 25=1 °C on a basal medium with an
additional 20 g/1 of agar-agar.

The obtained inoculum was homogenized and
sterilely inoculated (10% v/v, in 6 duplicates)
in 250 ml Erlenmeyer flasks containing 100 ml
of GYP medium. Cultivation was carried out
for 9 days in darkness on a laboratory shaker
under the following conditions: temperature
25%1 °C, agitation speed 120 rpm. The mycelial
biomass was harvested by filtration on 3, 5, 7,
and 9th day of cultivation and dried at 60 °C
until constant weight.

Biomass extraction was conducted with ethyl
acetate in a ratio of 1:5 (w/v) for 24 h at room
temperature (20=1 °C). Then, the extracts were
centrifuged for 15 min at 3000 rpm, after which
the supernatant was separated and concentrated
using a vacuum rotary evaporator at 40 °C. The
culture liquid was initially concentrated using
a vacuum rotary evaporator at 40=1 °C and
extracted with ethyl acetate in a ratio of 1:2, for
24 h at room temperature (20=1 °C). The upper
ethyl acetate fraction was separated using a
separatory funnel and then concentrated using a
vacuum evaporator at 401 °C.

The antioxidant activity of the prepared
extracts was determined by 2,2—-Diphenyl—-1-
picrylhydrazyl (DPPH) scavenging assay
following Liu et al. [13].

Total phenol content was estimated using
a Folin—Ciocalteu (FC) reagent-based assay
following Elfahri et al. [14]. The total phenolic
value of the samples was obtained from the
regression equation y = 0.0033x+0.0462 with
R?=0.9904. The content of total phenolics was
estimated as gallic acid equivalents (GAE) and
converted into mg/g of dry weight (for biomass
extracts) and mg/ml of cultural media (for
culture liquid extracts).

Experimental data are indicated as the
mean value of at least three independent
experiments = SD (standard deviation).
The Student’s t-test was applied to express
the significance; values at P <0.05 were
considered significant. Correlations were
obtained by Pearson correlation coefficient in
bivariate correlations. Results were analyzed
in standard statistical packages Microsoft
Excel and Statistics 6.

Results and Discussion

Diverse patterns were noted in the
accumulation of phenolics for each strain on
different days. In the case of X. polymorpha
IBK 2720 and 2736 strains, the peak total
phenolic content (TPC) was observed on days
3 and 7, with recorded amounts of 0.92+0.05
and 1.53+0.09, respectively (Figs. 1, 2).
Strain X. longipes IBK 2726 demonstrated the
highest TPC value of 2.53+0.10 on the 5th
day of cultivation, surpassing all other strains
studied. Conversely, the strain X. polymorpha
IBK 2720 exhibited the lowest TPC value
among all biomass extracts, also on the 5th day
of cultivation (Fig. 1).

The distinct variations in phenolic
accumulation across different strains may be
attributed to various factors associated with
the cultural and morphological characteristics
of the strains, as well as their diverse origins.
Contrary to the assumption that the decline in
phenolic levels is a result of their extraction
into the culture medium, the data did not
support this claim.

The quantity of phenolics in the biomass
exhibited similar fluctuations to those in the
culture liquid, as illustrated in Fig. 1-4, but
with higher rates. Notably, for the strain
X. longipes IBK 2726 the phenolic content
initially increased on day 5, decreased nearly
threefold on day 7, and halved by the 9th day of
cultivation. Similarly, but not so pronounced,
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the content of phenols in the culture liquid of
this strain changed (Fig. 4). A similar trend was
observed when comparing the phenolic content in
the biomass and culture liquid of X. polymorpha
IBK 2720. However, in this case, the amount of
phenolics first decreased, then increased sharply
and fell again on the 9th of cultivation (Fig.1).

In general, the culture liquid extracts
contained notably lower quantities of phenols
compared to the biomass, with the peak value
of 0.45+0.03 recorded on day 9 for strain IBK
2726. Although the method applied here allows
estimation of the total phenolic content, it is
susceptible to various factors that may affect
the values. In fungal cultivation, factors
such as extraction methods, solvent choices,
and culture media composition can influence
bioactive compound concentrations.
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Regarding the antioxidant activity,
the biomass extracts of all strains studied
showed high rates of DPPH scavenging
activity. The maximum value was recorded
for X. longipes IBK 2718 — 87.82+0.19%
on the seventh day of cultivation, and a
close value was obtained for X. polymorpha
IBK 2720 on the third day of cultivation
at 87.37+0.75% . As compared to other
antioxidant assays, the obtained values are
high. For instance, in the already mentioned
study conducted by Liu et al. [13], the ethyl
acetate extracts of the endophytic Xylaria
sp. had a substantially higher phenol
content, than obtained by us. Nevertheless,
their antioxidant activity was notably lower
compared to the results obtained in our
research and amounted to 29.66+0.97%.

Fig. 1. Dynamics of the total phenolic content and antioxidant activity in mycelial biomass (a)
and culture liquid (b) of X. polymorpha IBK 2720
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Fig. 2. Dynamics of the total phenolic content and antioxidant activity in mycelial biomass (a)
and culture liquid (b) of X. polymorpha IBK 2736
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Moreover, the strains we studied produced
phenols in amounts comparable to other fungi,
not only within their taxonomic group but also
among fungi that are actively cultivated on
the industrial scale. For example, according to
Cheung et al. (2003) for the edible mushrooms
Lentinula edodes (Berk.) Pegler (shiitake)
and Volvariella volvacea (Bull.) Singer (straw
mushroom) amounts of extracted ethyl acetate
phenols were 0.03+0.01 and 0.21+0.08 mg
of GAE/g of dry weight of fruiting bodies,
respectively [15]. These amounts are
comparable to our data for mycelium and
culture liquid, even though researchers
emphasize that fruiting bodies exhibit
significantly higher concentrations of
phenolic compounds compared to cultivated
mycelium.

S}

Mycelial biomass

2.00 100.00
S0.00

80.00

1.50
70.00
60.00
1.00 50.00
40.00

30.00

0.50
20.00

Total phenolic content (mg GAE/g)

10.00
0.00 0.00

Day of cultivation
—TPC ADA

DPPH inhibition (%)

Total phenolic content (mg GAE/ml)

It has been observed by numerous authors
that phenolic content correlates with
antioxidant activity. This is attributed to
the structural chemistry of phenolics, which
facilitates hydrogen or electron donation
from hydroxyl groups located along the
aromatic ring. Such mechanisms contribute
to effective free radical scavenging activities
and demonstrate metal-chelating potential
[16]. The correlation of total phenolic
content with DPPH scavenging activities of
extracts in our study is shown in Figs. 1-4
and calculated correlation coefficients are
presented in Table 1. Notably, the biomass
of X.polymorpha IBK 2736 displayed the
strongest correlation between the total
phenolic content and DPPH activity, with a
Pearson’s coefficient of 1.00.

Fig. 3. Dynamics of the total phenolic content and antioxidant activity in mycelial biomass (a)
and culture liquid (b) of X. longipes IBK 2718

a
Mycelial biomass
3.00 100.00
T . 90.00
'Y )
£ 2.50 50.00
E 2.00 70.00
= 1 60.00
g /.
5 150 - 50.00
o
% 40.00
1.
E 00 30.00
(=%
E 050 20.00
2 10.00
0.00 0.00
3 5 7 9

Day of cultivation
——TPC ADA

DPPH inhibition (%)

Total phenolic content {mg GAE/ml)

Culture liquid
0.25 30.00
A 25,
0.20 5.00
I i 2000 £
0.15 5
15.00 &
=
0.10 £
10,00 =
o
]
0.05 5.00
0.00 0.00
3 5 7 ]
Day of cultivation
—TPC AODA
Culture liquid
0.60 50.00
! 45,00
0.50 40,00
.40 35.00 g
3000 §
5
0.30 2500 5
4
2000 £
T
0.20 1500 &
a
0.10 10.00
5.00
0.00 0.00
3 5 7 9

Day of cultivation
—TPC ADA

Fig. 4. Dynamics of the total phenolic content and antioxidant activity in mycelial biomass (a)
and culture liquid (b) of X. longipes IBK 2726
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Table 1
Pearson’s correlation coefficients of antioxidant activity and phenolic contents
Species IBK strain Myecelial biomass Culture liquid
X vol Y 2736 1.00 0.93
. polymorpha
potymorp 2720 0.82 0.89
2718 0.92 0.94
X. longipes
2726 0.85 0.71

These correlations do not account for
distinguishing characteristics of phenolic
profiles, which can vary both qualitatively
and quantitatively, depending on the types
of phenolics present in the samples. It is
important to note that phenolic compounds
possess different donor-proton capacities,
which determine their antioxidant activity.
Therefore, phenolic compounds and their
characteristics remain to be investigated in
representatives of the genus Xylaria.

Conclusions

The results demonstrate that X. poly-
morpha and X.longipes accumulate
phenolic compounds strain-specifically,
which should be considered when selecting
strains that produce biologically active
substances. Most noticeable concentrations
of phenolic compounds were accumulated
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JTUHAMIKA BMICTY ®EHOJIIB TA AHTHOKCUJIAHTHOI AKTUBHOCTI
INPU I''INBUHHOMY RYJbTUBYBAHHI BUJAIB POAY Xylaria

Amamanyyk A. P., Bicvko H. A.

Imcrturyr 6oraniku im. M.T'. Xoaoguoro HamionanbHoi akagemii Hayk Yipaiuu, Kuis
E-mail: atamalyssa@gmail.com

Mema. JocnimxeHHA IUHAMIKY HaKoNU4YeHHA (DeHOJbHUX CIIONYK IIpeAcTaBHUKaMu poxny Xylaria, a
TaKO0K KOPeJIAIil Misk BMicTOM (peHOJIiB Ta aHTUOKCUAAHTHUMHU BJIACTUBOCTSIMU, BUABJICHUMHU y 6ioMaci Ta
KYJBbTYPaJIbHiN piquHi npu iX rambUHHOMY KyJIbTUBYBaHHi.

Memodu. ltamu rpubiB Xylaria polymorpha ta Xylaria longipes 3 Kosekil KyJabTyp IMIAaINHKOBUX
rpubiB Iacturyry 60oraniku imeni M.I'. Xomoguoro HAH Vkpainu (IBK) BupomiyBasu Ha TJII0K030-
IPisKIKOBO-IIEIITOHHOMY KUBUJIBHOMY CEPeIOBUIIi 3a YMOB I'IMOMHHOTO KYyJbTUBYBaHHA. Biomacy Ta
KyJAbTypaJabHy piguHy Bimboupaau Ha 3, 5, 7 ta 9-Ty 700y KyJAbTUBYBAHHSA i3 IMOAAJBIIO €KCTPAKI[IEIO
eTHJIAIleTaTOM. 3arajJbHUM BMicT )eHOJIB ¥ BCiX eKcTpaKTaxX BU3HAUYAJIHU 34 JOIOMOroio Metony Posrina-
YoxkanTey. AHTUOKCUJAHTHUH MTOTEHI[ia OI[iHIOBAJIU 3a HOIIOMOTOIO CIIeKTPO(GOTOMETPUUYHOTO aHATIZY
MOTJIMHAHHA BiTbHUX pPaguKaiiB 2,2—nudenin—1-mikpuarigpasmuiy.

Pesyavmamu. BeTaHoBiaeHO, IO HAKONMWYEeHHA (PeHOJNBHUX CIOJNYK OyJsio ImrTamMocuenudiuyHoOIO
XapaKkTepuCTUKoi. 3o0Kkpema, mramu X. longipes mpoaykyBaau 6iabiine (GeHOJSbHUX CIOJYK YIIPOIOBIK
yCBhOTO Yacy KyJbTUBYBaHH, IOPiBHAHO 3i mrTamamu X. polymorpha, Ta IpOABIAIYN BUILY aHTUOKCULAHTHY
aKTUBHICTB Ha IeBHY 100y. Kpim Toro, 6yJI0 BCTAHOBJIEHO BUCOKY KOPEJIAIliI0 MijK JTUHAMIKOI0 HAKOTIMYEHH A
(hbeHOTBbHUX CHOJYK Ta AaHTUOKCUJAHTHOIO aKTUBHICTIO AK y 6ioMaci, Tak i B KyJIbTypaJabHil piguHi.

BucHoKku. PeHOJIbHI CIIOJTYKY 3 aHTUOKCUAAHTHUMY BJIACTUBOCTAMU 0YyJI0O eKCTparoBaHo i3 6iomacu Ta
KYJIbTYPAJIbHOI PiINHY JOCTIIMKeHNX IIITaMiB. 3HAUHO BUII[I KOHIIEHTPAaIlil (DeHOJbHUX CIIOJNYK Ta 3HAUeHHSA
AHTHUOKCHUIAHTHOI aKTUBHOCTI OyJI0 BUSABJIEHO y 6ioMaci MopiBHAHO 3 KYJIbTYpaabHOIO piguHoio. ITokasamo,
110 TIPOJOBKEHHs IMPOIleCY KYJIbTUBYBAaHHS He 3aBKAU NPUSBOAUTH MO 30iJbITEeHHS KOHIlEHTpAIii
(hbeHOMBPHUX CIOJYK, M0 HiZKPECTI0e HeOOXifHICTh MOJANIBIITIOTO KOMILJIEKCHOTO BUBUEHHA HAKOIUYEHH A
IIUX PEUYOBUH Ta B3a€MO3B’ A3KiB i3 CynIyTHIiMU mapaMeTpaMu.

Knwuoei cnosa: Xylaria; GeHONBbHI CIIONYKMW; aHTUOKCUIAHTHU; NUHAMiKa; OiomMaca, KyJabTypajabHa
pimuHa.
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