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Abstract

Antifungal activity of two terricolous (Cetraria aculeata, Cladonia foliacea) and four epiphytic (Parmelia
sulcata, Pseudevernia furfuracea var. furfuracea, Ramalina farinacea and Tornabea scutellifera) lichens were
investigated by using acetone, methanol and chloroform extracts against five fungal pathogens: Aspergillus fumigatus,
Aspergillus parasiticus, Fusarium moniliforme, Fusarium solani and Alternaria brassicicola. The microbroth dilution
method was used for minimal inhibitory concentration (MIC) values of the lichen extracts. The MIC values of the
lichen extracts were determined ranging from 156.25 t01250 pg/ml for tested fungi. Generally, all of the lichen extracts
showed the strong antifungal activity. F. moniliforme and A. brassicicola were the most sensitive fungal species against
the lichen extracts, whereas A. fumigatus was the most tolerant pathogenic fungus.
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*

Baz epifitik ve terrikol liken ekstraktlarmin antifungal aktivitesinin aragtirilmasi

Ozet

Iki terrikol (Cetraria aculeata, Cladonia foliacea) ve dort epifitik (Parmelia sulcata, Pseudevernia furfuracea
var. furfuracea, Ramalina farinacea ve Tornabea scutellifera) likenin aseton, metanol ve kloroform ekstraktlarinin
Aspergillus fumigatus, Aspergillus parasiticus, Fusarium moniliforme, Fusarium solani ve Alternaria brassicicola
fungal patojenlerine karg1 antifungal aktivitesi incelenmistir. Liken ekstraktlariim minimum inhibisyon konsantrasyonu
(MIK) degerlerinin belirlenmesinde mikrobroth diliisyon yontemi kullanilmistir. Liken ekstraktlarimin MIK
degerlerinin, test edilen funguslar i¢in 156.25 ila 1250 pg/ml araliginda degistigi belirlenmistir. Genel olarak, liken
ekstraktlarimin tamamu giiglii antifungal aktivite gostermistir. F. moniliforme ve A. brassicicola liken ekstraktlarina karsi
en duyarli fungal tiirler olarak belirlenirken, A. fumigatus en direngli patojen fungus olarak bulunmustur.

Anahtar kelimeler: antifungal aktivite, liken ekstraktlari, patojenik funguslar
1. Introduction

Lichens are symbiotic organisms consisting of fungi, algae and/ or cyanobacteria. They produce various
secondary metabolites known as lichen substances, are mostly low molecular weight and generally insoluble in water
but can be extracted into organic solvents. Their secondary metabolites have a wide various biological activities such as
antibacterial, antifungal, antiviral, antiprotozoal, antiherbivore, antimutagenic, antitumor, antioxidant, antiulcerogenic,
antiinflammatory, antiproliferative, antipyretic, analgesic (Kosani¢ and Rankovi¢, 2011; Mitrovi¢ et al., 2011; Xu et al.,
2016).

Plant pathogenic fungi cause huge economic loss worldwide by destroying crops in the field and during storage
in agriculture and the food industry (Goel et al., 2011; Song et al., 2017). Numerous environmental and human health
problems are caused by synthetic chemicals used for control of these pathogenic fungi in agriculture (Halama and Van
Haluwin, 2004). Natural products obtained from plants, bacteria, fungi, lichens etc. have been proposed as potential
alternatives to synthetic fungicides for control of pre- and postharvest diseases. Environmentally safe, biodegradable
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and economical compounds obtained from natural origin can be ideal candidates for use as agrochemicals (Goel et al.,
2011).

There are only a few reports on antifungal activities of lichens from Turkey (Aslan et al., 2006; Giilliice et al.,
2006; Tiirk et al., 2006; Candan et al., 2007; Karabulut and Ozturk, 2015; Y1lmaz Cankilig et al., 2017; Bilgin Sékmen
et al., 2018). The aim of the present study is to investigate antifungal activity of the acetone, methanol and chloroform
extracts of the lichens Cetraria aculeata, Cladonia foliacea, Parmelia sulcata, Pseudevernia furfuracea var. furfuracea,
Ramalina farinacea and Tornabea scutellifera against five plant pathogenic fungi.

2. Materials and methods

2.1. Lichen samples

The lichen samples were collected from as follows; Cetraria aculeata (Schreb.) Fr., Bozdag Eskisehir;
Cladonia foliacea (Huds.) Willd., Bozdag-Eskisehir; Parmelia sulcata Taylor, Bozdag-Eskisehir; Pseudevernia
furfuracea var. furfuracea (L.) Zopf., Mihaliggik-Eskisehir; Ramalina farinacea (L.) Ach., Bozdag-Eskisehir and
Tornabea scutellifera (With.) J.R. Laundon, Cevrepmar mountain-Kahramanmarag (Figure 1). The samples were
identified using standard keys (Smith, 2009; Wirth, 2013). The lichen specimens were deposited in the Department of
Biology, Herbarium of Anadolu University (ANES), Eskisehir, Turkey.

Figure 1. Lichen samples: A. Cetraria aculeata, B. Cladonia foliacea, C. Parmelia sulcata, D. Pseudevernia furfuracea
var. furfuracea, E. Ramalina farinacea, F. Tornabea scutellifera.

2.2. Preparation of the lichen extracts

Air-dried and ground thalli of the lichen samples (10 g) were extracted in 100 ml of acetone, methanol and
chloroform using ultrasonic bath for 30 min, then left at room temperature overnight and filtered. Then the extracts
concentrated under reduced pressure in a rotary evaporator. The dry extracts were stored at 4 °C.

2.3. Microorganisms and media

Five fungal strains were used in this study: Aspergillus fumigatus NRRL 113, Aspergillus parasiticus NRRL
465, Alt

ernaria brassicicola, Fusarium moniliforme NRRL 2374 and Fusarium solani. The strains obtained from our
laboratory. Fungal test cultures were grown on Potato Dextrose agar (PDA) at 25 °C for 5-7 days.
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2.4. Antifungal activity

Minimal inhibitory concentration (MIC) of the lichen extracts was determined by microbroth dilution method
using 96-well microtiter plate (Winn, 2006; CLSI, 2008). The extracts were dissolved in dimethyl sulphoxide (DMSO)
and two-fold dilutions prepared from 10 mg/mL to 19.53 pg/mL concentrations in double-strength Potato Dextrose
broth (PDB). Fungal cultures were grown on PDA at 25 °C for 5-7 days. The suspensions of fungal spores were
prepared using sterile 0.1% Tween 80 and standardized to about 10° colony forming unit / ml (CFU/ml). Ketoconazole
used as a positive control of the fungal growth inhibition. As a negative control DMSO solution was used for the
influence of the solvents. The microplates were incubated at 25 °C for 5-7 days. Antifungal activity was determined
with stereo microscope by investigation of mycelia growing. MIC defined as the lowest concentration that inhibited
fungal growth. All experiments were performed in duplicate..

3. Results

The antifungal activities of the acetone, methanol and chloroform extracts of C. aculeata, C. foliacea, P.
sulcata, P. furfuracea var. furfuracea, R. farinacea and T. scutellifera against the tested five filamentous fungi were
investigated and results are shown in Table 1. The antifungal activity of the lichens extracts were determined by the
microbroth dilution method. The MIC values of the lichen extracts were found ranged from 156.25 t01250 pg/ml for
tested fungi.

Table 1. Minimal inhibitory concentration (MIC) of acetone, methanol and chloroform extracts of C. aculeata, C.
foliacea, P. sulcata, P. furfuracea var. furfuracea, R. farinacea and T. scutellifera against selected fungi

Filamentous fungi

Lichens Lichen A. fumigatus A. parasiticus  A. brassicicola F. moniliforme F. solani
extracts

A? 6250 625 156.25 156.25 1250
Cetraria aculeata M 625 625 156.25 156.25 1250

C 625 312.50 156.25 156.25 625

A 625 625 156.25 156.25 625
Cladonia foliacea M 1250 625 312.50 156.25 625

C 1250 625 156.25 156.25 625

A 625 625 156.25 156.25 625
Parmelia sulcata M 625 312.50 156.25 156.25 312.50

C 625 312.50 156.25 156.25 312.50

A 625 312.50 156.25 156.25 312.50
Pseudevernia M 625 312.50 156.25 156.25 156.25
furfuracea var. C 1250 625 156.25 156.25 156.25
furfuracea

A 312.50 625 156.25 156.25 625
Ramalina farinacea M 625 625 156.25 156.25 156.25

C 625 625 156.25 156.25 625

A 625 625 156.25 156.25 1250
Tornabea scutellifera M 625 625 156.25 156.25 625

C 625 625 312.50 156.25 625

Antifungal (standard)
Ketaconazole 78.12 78.12 78.12 39.06 39.06

& A: acetone extract; M: methanol extract; C: chloroform extract
® Minimum inhibitory concentration (ug/ml)

The acetone extracts of R. farinacea showed the stronger antifungal activity against A. fumigatus with an MIC
value of 312.50 pg/ml than the other tested lichen extracts. The methanol and chloroform extracts of the lichen P.
furfuracea var. furfuracea and methanol extracts of R. farinacea exerted the stronger antifungal activity against F.
solani than the other lichens extracts with an MIC value of 156.25 pg/ml.
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All the lichen extracts showed same activity against to F. moniliforme and A. brassicicola with an MIC value
of 156.25 pg/ml except methanole extract of C. foliacea and acetone extract of T. scutellifera. Generally, A. fumigatus
was the most resistant fungi against the lichen extracts. F. moniliforme and A. brassicicola were the most sensitive fungi
among the fungal species by lichen extracts.

Candan et al. (2007) investigated the antimicrobial activities of acetone, chloroform, diethyl ether, methanol,
and petroleum ether extracts of the lichen P. sulcata and its salazinic acid constituent, and all of the extracts except of
the petroleum ether extract showed antimicrobial activity against tested bacteria, yeasts and filamentous fungi including
Aspergillus niger, Aspergillus fumigatus, and Penicillium notatum. In the present study, the methanol and chloroform
extracts of P. sulcata showed significantly antifungal activity among the test fungi ranged from 156.25 to 625 pg/ml.

Tiirk et al. (2006) reported antifungal activity of some extracts of P. furfuracea var. furfuracea against tested
filamentous fungi. All the extracts showed antifungal activity against Alternaria alternata, Ascochyta rabiei,
Aspergillus niger, Fusarium culmorum, Fusarium moniliforme, Fusarium oxysporum, Fusarium solani, and Penicillium
notatum. We determined the most strongest antifungal activity on F. moniliforme, F. solani and A. brassicicola for
extracts of P. furfuracea var. furfuracea.

Rankovic¢ et al. (2007) reported antifungal activity on A. fumigatus with an MIC value of 25 mg/ml for acetone
and methanol extracts of P. sulcata. Kosani¢ et al. (2013) find an antifungal activity for the acetone extract of the lichen
P. furfuracea against same fungus with an MIC value of 12.5 mg/ml. In our study, we determined more activity than
their results using acetone and methanol extracts of same lichen against A. fumigatus with an MIC value 625 pg/ml
(Table 1).

In a similar study, Karabulut and Ozturk (2015) was reported that ethyl alcohol extracts of Evernia prunastri,
P. sulcata and P. furfuracea var. furfuracea showed a significant inhibition against mycelia and spor growth of
Aspergillus niger, Botrytis cinerea, Fusarium culmorum, Fusarium solani, Macrophomina phaseolina, Penicillium
expansum and Rhizoctonia solani.

4. Conclusions and discussion

The extracts of C. aculeata, C. foliacea, P. sulcata, P. furfuracea var. furfuracea, R. farinacea and T.
scutellifera were exhibited significantly antifungal activity against tested pathogenic fungi. Future studies should be
done to search bioactive compounds responsible for antifungal effects in the lichen extracts. Our results indicated these
lichen extracts can be used as natural antifungals especially against some plant pathogenic fungi in future.
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