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A comparison between some wood bark extracts: Antifungal activity

Ozlem OZGENC*, Sefa DURMAZ?, Umit Cafer YILDIZ!, Emir ERISIR®

!Karadeniz Technical University, Department of Forest Industry Engineering, Trabzon, TURKEY
2Mugla Sitk1 Kogman University, Kavaklidere Vocational School, Department of Forestry and Forest
Products, Mugla, TURKEY
3Karadeniz Technical University, Department of Pulp and Paper Technology, Trabzon, TURKEY
*Corresponding author: oozgenc@ktu.edu.tr

Received Date: 30.12.2016 Accepted Date: 10.11.2017

Abstract

Aim of study: The need for eco-friendly and bio-soluble wood preservatives has increased recently. In
this study, antifungal effects of tree barks were researched.

Area of study: The maritime (Pinus pinaster L.), iron (Casuarina equisetifolia L.), mimosa (Acacia
mollissima L.), calabrian pine (Pinus brutia Ten.), and fir (Abies nordmanniana) tree barks were used.

Material and Methods: The the solution at two concentrations was prepared to the substance obtained
with alcohol benzene extraction method from the tree bark according to TAPPI standard. The effectiveness
of bark extracts was evaluated against brown-rot fungus; Coniophera puteana, and white-rot fungus;
Trametes versicolor.

Main results: This study indicates that tree bark extracts have potential to use as wood preservatives.
Maritime pine and fir tree barks showed good resistance against T. versicolor more than C. puteana. On the
contrary, iron and mimosa tree barks were more resistance against brown-rot fungus, C. puteana.
Concentration is the most important factor for inhibition of fungal activity. Inhibition of fungal growth
increased parallel with concentration.

Research highlights: It is thought that the rich structure of the bark extract in terms of natural phenolic
compounds could inhibit fungal activity. This study indicates that tree bark extracts have potential to use
as wood preservatives.
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Baz1 odun kabuk ekstraktlar arasinda karsilastirma:

Anti-fungal aktivite olarak

Ozet

Calismanin amaci: Cevre dostu ve dogada ¢oziinebilen odun koruma maddelerine olan ihtiyag son
yillarda artmustir. Bu calismada, aga¢ kabuklarinin antifungal etkileri incelenmistir.

Calisma alani: Sahil gami (Pinus pinaster L.), demir (Casuarina equisetifolia L.), mimoza (Acacia
mollissima L.) kizilgam (Pinus brutia Ten.), ve géknar (Abies nordmanniana) agag¢ kabuklar1 kullanilmustir.

Materyal ve Yontem: TAPPI standardma gore alkol-benzen ekstraksiyonu sonucu elde edilen
ekstraklarin iki farkli konsantrasyonu hazirlanmistir. Kabuk ekstraklarinin etkinligi esmer ¢iiriiklitk mantari
Coniophera puteana, ve beyaz ¢iiriikliik mantar1; Trametes versicolor’a kars1 degerlendirilmistir.

Sonuglar: Sahil cami1 ve goknar aga¢ kabuk ekstraktlar1 T. Versicolor mantarina karsi, C. puteana
mantarindan daha fazla dayanim gostermistir. Bunun aksine demir ve mimoza aga¢ kabuk ekstraktlar
esmer ¢iriiklik mantar1 C. puteana mantarina karst daha dayamklidir. Mantar aktivitesinin
engellenmesinde konsantrasyon en onemli faktordiir. Mantar gelisiminin durdurulmasi konsantrasyona
paralel bir sekilde artmugtir.

Aragtirma vurgulari: Dogal fenolik bilesikler bakimindan zengin olan kabuk ekstraktlarinin mantar
aktivitesini engelledigi diisiiniilmektedir. Aga¢ kabuklarinin odun koruma maddesi olarak kullanilabilme
potansiyeline sahip oldugu goriilmiistiir.

Anahtar kelimeler: Antifungal aktivite, Kabuk ekstrakti, Odun koruma maddesi, Aga¢ kabugu
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Introduction

Wood has been known as a renewable and
natural material of biological origin since its
primitive state. However, wood is the material
that is degraded by biological hazards.
Various microorganisms, such as fungi, mold,
insect, and bacteria degrade the wood in its
natural environment (Daniel et al., 2003). For
this reason, the service life of the wood is
extended by impregnating some preservatives
(Ozgen¢ and Yildiz, 2014). Certain wood
preservatives in the markets have been
removed or limited for some applications such
as chromated copper arsenate (CCA),
pentachlorophenol (PCP) due to containing
toxic chemicals (EPA, 13.02.15; Mourant et
al., 2005). New wood preservatives,
modification and impregnation methods have
been developed to ensure effective protection
for wood industry. Markets for natural wood
preservatives have been called
environmentally friendly or chemical free
alternatives to treated wood (Kirker et al.,
2013). Moreover, preservatives containing
organic  substances could be easily
disappeared in the nature (Onuorah, 2000).
Considering all of this, natural bark extracts
may be as alternatives for intended purposes
in wood preservation industry. For this
purpose, wood barks, fruits, seeds, heartwood
of durable species have been investigated in
recent years (Yang, 2009; Tascioglu et al.,
2013; Kartal et al., 2006; Mohan et al., 2008).

The study of bark extracts as natural wood
preservatives is wide-ranging in literature.
Differences between softwood and hardwood
have been found to regard to chemical and
anatomical properties of the wood bark (Singh
and Singh, 2012). Fradinho et al. (2002)
showed that the extraction of maritime (Pinus
pinaster L.) bark with aqueous alkaline
solutions yields extracts which contain sugars,
lignin and condensed tannins. Pine bark
products including waxes, resins and phenolic
extractives, have served as adhesive
components. The wood treated with natural
waxes extracted from pine bark shows
hydrophobic properties (Singh and Singh,
2012). Tascioglu et al. (2012, 2013) indicated
that mimosa and quebracho extracts could be
utilized as an environmentally sound
alternative wood preservative chemical for
indoor applications. Significant antifungal
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effects were observed on the growth media
treated with bark extracts of Carya ovata,
Quercusrubra and Pinus strobus (Harun and
Labosky, 1984). The bark extract of Delonix
regia was found the maximum percentage
inhibition of fungal mycelial growth against
Penicillium selerotigenum (70.37%) and
Paecilomyces variotii (77.78%) by Salem et
al. (Salem et al., 2014).

The main objective of this study was to
investigate the antifungal efficiency of four
different tree bark extracts against wood-
rotting fungus. For this purpose maritime
(Pinus pinaster L.), iron (Casuarina
equisetifolia L.), mimosa (Acacia mollissima
L.), and fir (Abies nordmanniana L.) tree
barks were selected. This bark species were
examined as organic biocide for an alternative
wood protection material. To determine the
effectiveness of bark extracts, brown-rot and
white rot fungus; Coniophora puteana and
Trametes versicolor, were selected
respectively.

Material and Method
Plant materials

The barks were peeled off from the 20-30
year old maritime (Pinus pinaster L.), iron
(Casuarina equisetifolia L.), mimosa (Acacia
mollissima L.), and fir (Abies nordmanniana)
trees that were cut down in Trabzon province
in the north of Turkey. TAPPI T 257 cm-12
and TAPPI T 264 cm-07standard methods
were used for the preparation and chopping
barks of mimosa, iron, maritime pine, and fir
trees for extraction analysis. The dried barks
were prepared by milling laboratory type
Willey type mills for extraction. For
extracting, 40 mesh sieves were used and the
remaining 60 mesh sieves were used.

Extracts preparations

All tree barks were air-dried at room
temperature and then ground by using a
laboratory scale Willey mill to obtain 40 to
60-mesh wood powder. To obtain extractives,
the bark powders were extracted in a Soxhlet
extractor. The bark powder (25 g for each)
was soaked in 300 mL of ethyl
alcohol:benzene (1:2 v/v). The solvents from
each extracts were removed by using a rotary
evaporator at 50 °C and stored in sealed flasks
at 4°C until use.
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Anti-fungal test
The antifungal activity assay against the

growth of Trametes versicolor, and
Coniophera  puteana, was performed
following Salem et al. (2014). About 15 mL
potato dextrose agar (PDA) medium

containing the concentrated extract (1000,
2000 pL) was poured into each petri dish and
allowed to solidify. A 1-cm disc of 7-day-old
culture of tested fungi was placed at the center
of the Petri dish and incubated at 26 = 2°C and
70+2% relative humidity for seven days. After
incubation, the colony diameter was measured
in centimeters. Three PDA medium for each
fungi species was used as a control. The
alcohol was also added in the PDA medium
without extractives to investigate the alcohol
effect on the fungus growth. It was observed
that alcohol has no significant effect on fungal
growth. The percentage inhibition of mycelial
growth, in terms of fungi toxicity of the
extracts, was calculated using the following
formula,
%inhibition = [(Mc-Mt)/Mc] x 100 @
Where Mc is the average increase in
mycelial growth in control and Mt is the
average increase in mycelial growth in
treatment. The experiment was performed in
six replicate for each bark extract.

Results and Discussion

The bioassay for anti-fungal activity was
to evaluate the effecting of extractives against
wood-rotting fungus; Coniophera puteana,
and Trametes versicolor. The fungal grwoth
on the wood extract/agar medium was seen in
Fig 1-5. When compared to control samples
(Fig. 5), wood bark extractives did not allow
the growth of fungus, especially in high
concentration. According to results, the
inhibition index of wood bark extracts used in
this study was more effective with white-rot
fungi; T. versicolor than brown-rot fungi; C.
puteana at lower concentration (1000uL).
However, effectiveness of extracts remained
similar at high concentrations (2000 pL)
(Ozgeng and Durmaz, 2015).
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Figure 1. Iron tree bark extract against fungus;
a) 1000 pL against C.P., b) 2000 pL against
C.P.,, ¢) 1000 pL against T.V., d) 2000 puL
against T.V.

Figure 2. Fir tree bark extract against fungus;
a) 1000 pL against C.P., b) 2000 pL against
C.P., ¢) 1000 pL against T.V., d) 2000 pL
against T.V.

The inhibition efficiency of bark
extractives were also given in Table 1 and
Table 2. The efficiency of extractives against
wood-rot fungus is significant even in the low
concentration of extractives (1000 puL).
However maximum inhibition was 88.89%
and 86.91% at the highest concentration (2000
uL) for C. puteana and T. versicolour,
respectively. This indicates that the inhibition
of fungal growth depended on the
concentration of extractives as well as wood
species.

Figure 3. Mimosa tree bark extract against
fungus; a) 1000 pL against C.P., b) 2000 pL
against C.P. ¢) 1000 pL against T.V. d) 2000
pL against T.V.

Variation in extractive content depends on
the plant diversity. Numerous chemicals such
as terpenoids, alkaloids, condensed tannins,
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and many others consist of extractives which
are responsible for natural durability (Taylor
et al., 2002). Hardwood species typically
prone to be degraded by white rot fungus. On
the contrary, softwood species are commonly
nondurable against brown rot fungus (Panshin
and DeZeeuw, 1980). Results showed that the
bark extracts of hardwood species was more
efficient against brown-rot fungi (Fig. 1, 3); C.
puteana than white-rot fungi; T. versicolor
(Fig. 2, 4). When the hardwood species were
compared in their own, extract from mimosa
bark was more efficient against C. puteana, as
seen in Fig. 3. Conversely, fir and maritime
pine bark extract, which is a softwood species,
showed more antifungal activity against T.
versicolor, as seen in Fig 2, 4. However, the
high concentration of extracts indicated the
same efficiency against both of fungus.

Table 1. The inhibition efficiency of bark
extract against wood-rot fungus (1000 pL)

(%)
Wood C. puteana T. versicolor
species % %
Mimosa 77.78 55.37
(0.003) (0.004)
Iron 68.61 58.38
(0.001) (0.005)
Maritime 55.78 74.54
pine (0.002) (0.003)
Eir 49.39 73.33
(0.004) (0.002)

Note: Values in parentheses are the standard
deviations.

Figure 4. Maritime pine tree bark extract
against fungus; a) 1000 uL against C.P., b)
2000 pL against C.P., ¢) 1000 pL against T.V.
d) 2000 uL against T.V.

Table 2. The inhibition efficiency of bark
extract against wood-rot fungus (2000 pL)
(%)
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Wood C. puteana T. versicolor
species % %
. 88.89 86.91
Mimosa 5001y (0.002)
Iron 88.89 86.91
(0.001) (0.001)
Maritime 88.89 86.91
pine (0.002) (0.001)
Fir 88.89 86.91
(0.001) (0.002)

Note: Values in parentheses are the standard
deviations.

Numerous plants contain  organic
compounds, which are responsible for
producing of pharmaceuticals, insecticide,
and fungicide (Satish et al., 2007). According
to Hammurger and Hostettmann (1991), there
would be over 400,000 plant chemicals and
more than 10,000 of which associated with
natural durability. For this purpose, there are
diversity of studies on the plant based extract
(Kartal et al., 2006; Maoz et al., 2007; Ozgeng
et al., 2016; Satish et al. 2007; Sing and Sing,
2012; Yang, 2009; Tascioglu et al., 2012;
Tascioglu et al., 2013). However the most of
wood species have never been investigated.
Many plant chemicals, which could be
effective against pesticide, have been
remained to be evaluated.

Figure 5. Control fungus without extractives;
a) C. puteana, b) T. versicolor

Conclusion

In this study, antifungal effect of various
wood bark extracts was investigated to
elucidate their efficiency against white-rot
fungi, and brown-rot fungi; Trametes
versicolor, and Coniophera puteana,
respectively. The bark extracts showed great
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antifungal activity against both of fungus.
Results showed that the inhibition of fungal
growth increased with increasing
concentration of bark extracts. The efficient
inhibition of fungal growth against both of
fungus was obtained at high concentration
(2000 pL).

As a result of this study, bark extract
inhibited fungal activity. While mimosa
extract had an effective antifungal properties
against C. puteana, maritime pine extract
showed an efficient inhibition against T.
versicolor. Moreover, maritime and fir bark
extract showed a high inhibition against white
rot fungi in a similar manner. These results
suggested that wood bark extract have
antifungal properties and could be potentially
evaluated in  the  development of
environmentally friendly wood preservatives.
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