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Abstract: Fungus Fistulina hepatica represents one of the especially important
fungi in forestry. Due to better knowledge of Fistulina hepatica bioecology as well as the
possibility of usage, effect of temperature and nutrient media on pure cultures was
investigated. Temperature of 25 °C was optimal for mycelium growth, while the biggest
growth of cultures was recorded on MEA nutrient medium. Somewhat slower growth was
recorded on SMA and PDA nutrient medium while the slowest growth was on CMA nutrient
medium. On all nutrient media mycelium was white, while there were differences in shape of
cultures. Obtained results indicate better possibility of stimulating and growing certain
strains of Fistulina hepatica. Medicinal properties and usage of obtained results were
discussed.
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UTICAJ TEMPERATURE | HRANLJIVE PODLOGE NA RAZVOJ
Fistulina hepatica

Sazetak: Gljiva Fistulina hepatica predstavija jednu od posebno znacajnih gljiva u
Sumarstvu. Zbog boljeg poznavanja bioekologije Fistulina hepatica, kao i mogucnosti njenog
intenzivnijeg koriscenja, ispitan je uticaj temperature i hranljive podloge na razvoj Cistih
kultura. Temperatura 25 °C je bila optimalna za razvoj micelije, dok je najveci rast kultura
zabelezen na MEA hranljivoj podlozi. Nesto sporiji rast je zabelezen na SMA i PDA
hranljivoj podlozi dok je najsporiji rast bio na CMA hranljivoj podlozi. Na svim hranljivim
podlogama micelija je bila bele boje, dok su postojale razlike u izgledu kultura. Dobijeni
rezultati ukazuju na bolju mogucnost stimulisanja i gajenja pojedinih sojeva Fistulina
hepatica. Lekovita svojstva gljive i upotreba dobijenih rezultata su diskutivani.
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1. INTRODUCTION

The genus Fistulina consists of poroid fungi including edible species
(Gonzaélez et al., 2021). Fistulina hepatica (Schaeff.) With. causes brown heart rot,
most often in oaks (Quercus spp.), that in the initial phase leads to change in colour
of the wood, and that is why this type of wood is especially valued in industry
(Schwarze et al., 2000; Karadzi¢ 2010). In addition to oaks, the occurrence of F.
hepatica has also been confirmed on sweet chestnut (Castanea sativa Mill.) on which
it causes similar damages (Pi¢tka & Ciurzycki 2018).

In the case of sweet chestnut (Castanea sativa), a correlation was established
between certain environmental factors such as altitude, stand density, average annual
temperature, or exposure, and increase in rot intensity (Regué et al., 2019). The time
of ripening of F. hepatica fruiting bodies has a greater significance then the
temperature for spreading of spores of this fungus (Mar¢iulynas & Menkis 2023).
Therefore, the objective of the research was to examine the influence of temperature
and nutrient medium on the development of tested isolate of F. hepatica. The
obtained results will have simultaneous importance in the protection of forests as
well as in better production, i.e. the use of this fungus.

2. MATERIAL AND METHOD

2.1 The examining of the effect of temperature on the growth of
cultures

The isolate of F. hepatica, strain HF1 was taken from mycological collection
of the Institute of Forestry, Belgrade. Fragments measuring 5x5 mm were placed in
the centre of petri dish on 3% MEA (malt extract - Biolab, Hungary; agar - Torlak,
Serbia) nutrient medium.

The petri dishes were exposed to temperatures of 12 °C, 17 °C, 25 °C and
30 °C. The experiment was completed after 34 days when the first culture filled the
petri dish, and all cultures showed clear growth. Each of the temperatures contained
3 repetitions. The diameter of the cultures was measured in 2 directions at right
angles from the centre of the petri dish. The average diameter value was used for
comparing the growth.

2.2 The examining of the effect of nutrient medium on the growth of
cultures

For examining of the effect of nutrient medium on the growth of cultures,
the isolate of F. hepatica, identical as in the experiment of examining the effect of
temperature was used. Four types of nutrient media were selected: sabouraud
maltose agar (SMA,; Torlak, Serbia), malt extract agar (MEA; Lab M, UK), corn
meal agar (CMA; Himedia, India) and potato dextrose agar (PDA; Lab M, UK). Each
of the nutrient media contained 9 to 10 repetitions. Cultures were stored in an
incubator at 25 °C in dark regime. The experiment was completed after 25 days when
the first culture filled petri dish. The diameter of the cultures was measured in the
same way as when examining the effect of temperature.
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2.3 Statistical methods

The dimensions of cultures in experiments were tested for normality and
homogeneity of variances, as well as normality of residuals. Depending on the
statistical significance of the result, parametric or non-parametric tests were used.
General linear model (GLM) was used for examining the effect of temperature on
the growth of cultures. Tukey’s post hoc test was used for determining the
differences in growth of cultures between different pairs of temperatures.

Kruskal-Wallis test was used for testing of differences in dimensions of
cultures on different nutrient media. Dunn’s post hoc test was used for comparison
of different pairs of cultures between tested nutrient media.

All statistical analyses were carried out using software packages SPSS 27
(IBM Corp.) and Microsoft Office Excel 2021 (Microsoft Corp.).

3. RESULTS AND DISCUSSION

There was statistically significant difference in the growth of F. hepatica
cultures at different temperatures (F = 662.938; p < 0.001). Cultures at 12 °C showed
the slowest growth, with an average diameter of cultures of 8.00 mm (Figure 1).
Larger dimensions of cultures, with an average value of 51.17 + 3.75 were at 17 °C
(Figure 1). The largest diameter of cultures was recorded at 25 °C, and it amounted
to 80.17 = 1.53 mm (Figure 1). At 30 °C the growth of the cultures was also good,
with an average value of 65.17 + 1.04 mm, slightly smaller then at 25 °C (Figure 1).

The colour of the mycelia was the same at all temperatures. The cultures
were white, cottony and raised around inoculum.

Diameter of culture (mm)

Temperature (°C)

Figure 1. Growth of Fistulina hepatica cultures at different temperatures
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Nutrient medium showed great influence on growth and appearance of the
cultures (Figure 2, Figure 3). There was statistically significant difference in growth
of cultures on different nutrient media (H = 27.737; p < 0.001).

The largest growth of cultures was on MEA nutrient medium (81.22 + 2.25
mm), and somewhat slower on PDA nutrient medium (78.05 = 1.99 mm). Nutrient
medium SMA showed the same growth as MEA and PDA, i.e. it was on the
transition between these two nutrient media (80.80 + 0.86 mm). The slowest growth
of the cultures was on CMA nutrient medium (69.75 + 2.62 mm).
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Figure 2. Growth of Fistulina hepatica cultures on different nutrient media

The appearance of cultures differed depending on the nutrient medium used
(Figure 3). On SMA nutrient medium, the mycelia were white, solid, compact,
occasionally grey in central part (Figure 3). On MEA and PDA nutrient media it was
white, velvety, cottony, raised around inoculum (Figure 3). On CMA nutrient
medium the mycelia were white, raised around inoculum, slightly concentric (Figure
3).
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Figure 3. Representative photographs of Fistulina hepatica cultures on different
nutrient media: a) SMA, b) MEA, ¢) CMA, d) PDA

The most important medicinal properties of F. hepatica are presented below,
based on literature review (Table 1). Several categories of the most important
medicinal properties were singled out regarding literature sources (Table 1).

Table 1. Medicinal properties of Fistulina hepatica

Use value

Component

Reference

Antibacterial properties

Methanolic extracts,
polyacetylenic fatty acid
derivatives,
octadeca-8,11-dienoic acid
methylester

Karaman et al. (2009)
Aleem et al. (2012)
Ivanova et al. (2013)

Dubljanin et al. (2018)
Whaley et al. (2023)

Antifungal properties

Feldin

Lee et al. (2020)

Antioxidant properties

Alkali extracts

Oke & Aslim (2011)
Savino et al. (2016)
Dubljanin et al. (2018)
Raseta et al. (2025)

Bioactive components

Proteins, phenols

Yildiz et al. (2017), Fedotov
(2020)

Other properties (diabetes
treatment, etc.)

Volatile components

Wau et al. (2005)
Raseta et al. (2025)

Traditional use

Jorjadze et al. (2023)
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Efficient use of F. hepatica, as well as preventing damages which occur in
woods depend on timely detection of this fungus. In the case of sweet chestnut
(Castanea sativa) wood loses its value even in the initial stage of rotting due to the
change of colour of wood (Meijer et al., 2025). It has been determined that higher
temperatures have a more favourable effect on the development of this fungus than
lower temperatures. In this sense, an increase of temperature as a consequence of
climate change can have a negative effect on the trees, increasing damages. Heart rot
has a long period of development, while infection is present on young trees (Vasaitis
2013). Therefore, earlier thinning of the stands significantly reduces occurrence of
this fungus (Meijer et al., 2024). Hence, more frequent monitoring of the health and
vitality of the trees is recommended.

On the other hand, occurrence of F. hepatica fruiting bodies can be positive
for easier isolation and use of this fungus. Determined optimal temperature and
nutrient medium can significantly accelerate the growth of certain isolates of F.
hepatica. Cultivation of F. hepatica has several advantages. First of all, there are
examples that the content of metals, including heavy metals, is higher in wild than
in cultivated specimens of F. hepatica (Yildiz et al., 2019; Thachunglura et al.,
2025).

Taxonomy of the species F. hepatica is insufficiently studied. The imperfect
stage of F. hepatica belongs to the genus Confistulina (Stalpers & VIug 1983).
Intensive cultivation of F. hepatica, comparing of different isolates, and inoculation
of trees can significantly contribute to better knowledge of morphology of this
fungus.

5. CONCLUSION

This paper presents the effect of temperature and nutrient medium on the
growth of cultures of the tested isolate of F. hepatica. The obtained results have a
great significance for understanding the intensity of the rot in natural conditions, as
well as the possibility of cultivation of the fungus F. hepatica. In accordance with
the obtained results the stated conclusions can be presented as follows:

e The optimal temperature for growth of the tested isolate was 25 °C. The
smallest growth was recorded at 12 °C. Somewhat larger growth was at 17
°Cand 30 °C.

e The average growth rate at 25 °C amounted to 2.36 mm/day, while at 12 °C
it amounted to 0.24 mm/day. At 17 °C and 30 °C the average growth rate
was 1.50 mm/day and 1.92 mm/day.

e The best nutrient medium for growth of F. hepatica cultures was malt extract
agar (MEA). Similar growth occurred on potato dextrose agar (PDA), while
the growth was somewhat smaller on corn meal agar (CMA). The smallest
growth was on sabouraud maltose agar (SMA) nutrient medium.

e The cultures of F. hepatica were white on all nutrient media. However, the
appearance of the mycelia differed depending on the nutrient medium.

e The most important medicinal properties of F. hepatica were divided in
several groups: antibacterial properties, antifungal properties, antioxidant
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properties and other properties such as the treatment of diabetes. In addition,
F. hepatica has many bioactive components which can be used in different
ways.
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Ministry of Science, Technological Development and Innovation for the year 2025 451-03-
136/2025-03/200027.
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Summary

Knowledge of bioecological characteristics of different fungi has great importance
for various aspects in forestry. Importance of fungus Fistulina hepatica is reflected in specific
influence on wood colour in initial decay stage. Moreover, F. hepatica possesses great
medicinal properties. In this study, the effect of temperature and nutrient medium on the
development of F. hepatica cultures were examined.

Results showed effect of temperature and nutrient medium on growth rate and
characteristics of cultures. The fastest growth was recorded at 25°C, followed with 30°C,
something smaller growth at 17°C while the smallest growth was at 12°C. The best nutrient
medium for F. hepatica growth was malt extract agar (MEA). Nutrient media sabouraud
maltose agar (SMA) and potato dextrose agar (PDA) showed similar and somewhat weaker
effect on growth of F. hepatica mycelium. Cultures of F. hepatica had the slowest growth on
corn meal agar (CMA) nutrient medium.

Appearance of cultures was different according to nutrient medium. On SMA
nutrient medium mycelium was compact with expressed stretches, while aerial on edges. On
MEA and PDA nutrient media mycelia was fallen, cottony, velvety, on place of inoculum
raised. On CMA nutrient medium mycelium was concentric, on place of inoculum also
raised.

Prevention of greater damages of trees and medicinal properties of F. hepatica were
discussed.
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UTICAJ TEMPERATURE | HRANLJIVE PODLOGE NA RAZVOJ Fistulina
hepatica

Aleksandar VEMIC, Sanja LAZIC, Katarina MLADENOVIC, Jelena BOZOVIC, Danilo
FURTULA, Bojan KONATAR, Radojica PIZURICA

Rezime

Poznavanje bioekoloskih karakteristika razlicitih gljiva ima veliki znacaj za razlicite
aspekte Sumarstva. Znacaj gljive Fistulina hepatica se ogleda u specifi¢nom uticaju na boju
drveta u pocetnoj fazi trulezi. Osim toga, F. hepatica poseduje velika medicinska svojstva.
U ovoj studiji je ispitan uticaj temperature i hranljive podloge na rast kultura F. hepatica.

Rezultati su pokazali uticaj temperature i hranljive podloge na brzinu i karakteristike
kultura F. hepatica. Najbrzi rast kultura je zabelezen na 25°C, potom na 30°C, ne$to manji
rast na 17°C dok je najmanji rast bio na 12°C. Najbolja hranljiva podloga za razvoj F.
hepatica je bila malc ekstakt agar (MEA). Hranljive podloge sabouraud maltoza agar (SMA)
i krompir dekstroza agar (PDA) su pokazale sli¢an i nesto slabiji efekat na rast micelije F.
hepatica. Kulture F. hepatica na hranljivoj podlozi kukuruzna kasa agar (CMA) su imale
najsporiji rast.

Izgled kultura se razlikovao na razli¢itim hranljivim podlogama. Na SMA hranljivoj
podlozi micelija je bila kompaktna sa izrazenim linijama i po ivicama vazdu$na. Na MEA i
PDA hranljivoj podlozi micelija je bila polegla, pamuéna, barSunasta, na mestu inokuluma
podignuta. Na CMA hranljivoj podlozi micelija je bila koncentri¢na, na mestu inokuluma
takode podignuta.

Spre¢avanje veéih $teta na stablima i medicinska svojstva F. hepatica su
diskutovani.
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