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ABSTRACT Ethnobotanical uses of plant species varies depending on the knowledge and geography of civilizations, and also
prevailing diseases or nuisances in a given time and region. Although parts of annual and/or biennial plants generally have been
preferred for ethnobotanical purposes, secondary products such as tar or wood extractives of forest trees have also been used as
a natural medicine and coating material. This study compares constituents of tars produced from wood by traditional methods
and modern laboratory methods in Cedrus libani Achille Richard. In terms of their qualitative and quantitative chemical
properties, significant differences were observed between the wood extractives produced by the two methods. Quality of wood
used for extraction, extraction temperature and duration also appear to be among the several factors that influence the chemical
quality and quantity of extracts. The extent of contribution of each of these factors, either alone or by combination, is not
clearly known. In addition, although the products extracted by either method are used for similar purposes, the level of biological
effectiveness of each of them and specific chemicals responsible for such effectiveness need to be determined.
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INTRODUCTION

Natural products (especially from plants)
have been used by people for healing wounds
and diseases since ancient times. The use of plant
species varies depending on the knowledge and
geography of civilizations, and prevailing dis-
eases in a given time and region (Fabricant and
Famsworth 2001; Johnson 2006; Ali-Shtayeh et
al. 2008). People learned ethnobotanical uses
of plants usually by “trial and error” methods
in the past. Thus physical, mental, social and
practical experiences have been transferred from
generation to generation until the present. In
other words, evolutionary ancestors of present
medicines can be traced back to ethnobotanical
experiences accumulated through millennia
(Camejo-Rodrigues et al. 2003; Ali-Shtayeh et
al. 2008).

Annual and/or biennial plants, rather than
woody species, generally have been preferred
for ethnobotanical uses (Rivera et al. 2005;
Estrada et al. 2007; Kargioglu et al. 2010). How-
ever, secondary products of forest trees have also
been used widely both as a natural medicine and/
or surface coating material in all over the world

(Baytop 1999; Zackrisson et al. 2000; Egenberg
et al. 2002; Gao et al. 2005; Johnson 2006;
Turley et al. 2006; Focho et al. 2009). The Medi-
terranean Basin, which is considered as one of
world’s plant biodiversity “hot spots”, has more
than 100 forest tree species (Fady-Welterlen
2005). The region is also known as one of the
“cradles of civilization” on Earth. Woods of
some of the trees in the region (Juniperus sp.,
Pinus sp., Betula sp., Fagus sp., Picea sp. and
Cedrus sp.) have been used for tar production
since ancient periods. Especially tars of Pinus
sylvestris Linnaeus (Scots pine) and Cedrus
libani Achille Richard (Lebanon or Taurus ce-
dar) are considered distinctive due to their his-
torical importance and wide range of applica-
tion (Baytop 1999; Egenberg et al. 2002;
Hjulstrom et al. 2006; Kurt et al. 2008).

Scots pine has a wide distribution range
through Europe to Asia (Matyas et al. 2004),
one of the most southern natural populations
being in Turkey. Its wood has been widely used
for building houses, churches, ships and for
making various household and farm utensils
since ancient times. Also, extract (tar) obtained
from its resinous heart-wood has been highly
valued export products from the Hanseatic pe-
riod to the present in Scandinavian countries
(Egenberg et al. 2002; Hjulstrom et al. 2006).
In comparison with Scots pine, Taurus cedar has
relatively small distribution ranges in the east-
ern Mediterranean Basin. The widest distribu-
tion range of the species occurs on the Taurus
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Mountains near Antalya in southern Turkey. It
also has small populations and protected stands
in Syria and Lebanon (Boydak 2003). Taurus
cedar has been highly valued due to its wood
material as well as non-wood products such as
tar and essential oils since ancient times (Loizzo
et al. 2007; Kurt et al. 2008; Cetin et al. 2009).

Tar and essential oils are obtained from Scots
pine and Taurus cedar both by traditional meth-
ods (Egenberg et al. 2002; Hjulstrom et al. 2006;
Kurt et al. 2008) and by using modern labora-
tory equipment (Hafizoglu 1987; Saab et al.
2005; Ekeberg et al. 2006). These products have
been used against various insects, viruses, bac-
teria, and various human and/or animal diseases
(Kizil et al. 2002; Loizzo et al. 2007, 2008; Cetin
et al. 2009). Tar is also used as a coating mate-
rial for wooden surfaces inside and outside of
houses, churches, boats and ships (Egenberg et
al. 2003; Hjulstrom et al. 2006). Qualitative and
quantitative differences between chemical com-
position of tars produced traditionally and un-
der laboratory conditions have been reported by
several authors (Ekeberg et al. 2006; Kurt et al.
2008; Loizzo et al. 2008). Even the tar obtained
from the first barrel varies significantly in their
chemical composition than the last barrel in the
same extraction process (Egenberg et al. 2003).

The aim of this study is to compare chemical
compositions of wood extracts (tars) produced
by traditional methods with that of modern labo-
ratory methods in Taurus cedar. Specifically, the
aims of the study were to 1) describe and com-
pare the two methods, 2) indicate and discuss
the differences in chemical composition of tars
obtained by the two methods, 3) discuss if there
are any differences between biological activi-
ties of tars produced by the two methods.

METHODOLOGY

The researchers visited the remote villages
and observed traditional tar production at Gec-
men village in the Elmali district on the Taurus
Mountains in southern Turkey where the most
extensive natural stands of Taurus cedar grow.
They interviewed the local people and collected
information on the traditional uses of cedar tar
in the area. The researchers also reviewed the
literature about traditional and laboratory meth-
ods of tar production on Scots pine for com-
parative purposes.

Traditional Method

In spite of limited differences in traditional
methods for tar production applied on Scots pine
(Egenberg et al. 2003; Hjulstrom et al. 2006)
and Taurus cedar (Kurt et al. 2008; Kargioglu
et al. 2010), general process applied on both spe-
cies is quite similar. Resinous heartwood mate-
rial rather than any given portion of a stem is
preferred from old stumps of trees. Old stumps
(died about 10 to 50 years before) are selected
in a hot and dry summer season, mainly due to
their very low water contents in summer (Egen-
berg et al. 2002; Kurt et al. 2008). The resinous
heartwoods are then chopped into smaller pieces
(10-40 cm length and 2-5 cm thickness). These
pieces are stocked and burned in kiln and/or
excavated holes on the ground (called “kurna”
by the native people in southern Turkey) (Kurt
et al. 2008). During the burning process, tem-
peratures usually remain above 300 ºC. The ex-
traction process may take up 2-15 days depend-
ing on the size of kiln or holes and amount of
resinous heartwoods (Egenberg et al. 2002,
2003; Hjulstrom et al. 2006; Kurt et al. 2008).
The traditional methods as applied on Taurus
cedar and Scots pine were illustrated and dis-
cussed in detail by Kurt et al. (2008) and
Hjulstrom et al. (2006), respectively.

Laboratory Conditions

Usually, parts of stem from fresh and/or
newly cut trees are used to obtain tar under
modern laboratory conditions. The stump is
chopped into smaller pieces depending on the
size of extraction apparatus. The small pieces
(2-5 cm) of stump are dried at room tempera-
ture and placed into extraction apparatus
(Hafizoglu 1987; Loizzo et al. 2008). The ex-
traction temperature is generally arranged be-
tween 40 to 100 ºC. Different solvents (such as
ethanol and acetone) are used during the ex-
traction process. The laboratory methods are
known as hydro distillation due to use of sol-
vents. The extraction period may take up 2-12
hours depending on various factors such as pro-
portion of tar in wood and amount of plant ma-
terial (Hafizoglu 1987; Kizil et al. 2002; Loizzo
et al. 2008).

RESULTS

In traditional methods of extraction (Kurt et
al. 2008), Taurus cedar tar contained 83 differ-
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ent components, 17 of which made up 86 % of
the compound (Table 1). The proportion of
sesquiterpenoids in traditional process was 47.6
%, whereas it ranged from 19% to 75% in stud-
ies based on laboratory extractions (Hafizoglu
1987; Baser and Demircakmak 1995; Saab et
al. 2005; Loizzo et al. 2008). Similarly, although
the himachalol component has been reported to
be quite high under laboratory studies (32.4 %
in Hafizoglu 1987, and 22.5 % in Loizzo et al.
2008), it was not detected at all in traditional
method (Kurt et al. 2008). The himachalol as
well as atlantones compounds were not also
detected both in pine tar and juniper tar (Reuna-
nen et al. 1996). Hydrocarbons with both high-
and low-molecular weights were also relatively
high (34.7%) in tar produced by traditional
method (Kurt et al. 2008). However, they were
either not detected and/or were very low in
samples obtained under modern laboratory con-
ditions (Hafizoglu 1987; Reunanen et al. 1996;
Loizzo et al. 2008). These results suggest that
extracts produced by the laboratory methods
(Loizzo et al. 2007) may not fully represent the
extracts produced by traditional methods (Kurt
et al. 2008, Table 1) or vice versa. Indeed, Egen-
berg et al. (2003) observed that Scots pine tar
derived from different stages in kiln production
varies significantly in their chemical composi-
tion both quantitatively and qualitatively, prob-
ably due to dehydrogenation and decarboxyla-
tion of the components.

DISCUSSION

Chemical composition of tars may change
depending on many factors including the types
of plant tissues and the process applied
(Egenberg et al. 2002, 2003). There may be sev-
eral reasons as to why the tars produced under
these two different methods contain different
chemical compounds. Three of them are dis-
cussed below.

Wood Material Used (Lightwood versus
Heartwood)

In traditional way, the native people prefer
dry resinous heart wood from large tree stumps
dead for about 10 or more years. Highly resin-
ous dry wood is considered as good quality wood
for tar production. Using less resinous and/or
moist wood in extraction process lead to lower
quality of tar (See Egenberg et al. (2002) and
Kurt et al. (2008) for good quality tar in detail).

Table 1: Constituents of tar of Taurus cedar by different
researchers

Compounds Kurt et Loizzo et Hafi-
al.(2008) al.(2008) zoglu
(%)T (%)M (1987)

(%)M

Monoterpenoids
m-cymene 1.10 - -
Monoterpenalcohol - - 2.80

Sesquiterpenoids
β-himachalene 21.17 21.90 3.10
α-himachalene 5.90 10.50 1.50
γ-himachalene 5.46 9.10 -
γ-Dehydro-ar-himachalene - 0.40 -
ar-himachalene - trace -
z-α-atlantone 7.40 2.10 4.40
E-α-atlantone - 0.82 -
z- γ-atlantone - 1.72 -
E-γ-atlantone - 1.73 -
Himachalol - 22.50 32.40
Allohimachalol - 3.20 -
Longibomeol - 0.80 -
Manool - 1.70 -
Tumerone 4.50 - -
Tumerone 1.00 - -
Chamigran-9-one 2.18 - -
Sesquiterpenketone - - 5.10
Sesquiterpenhydrocarbon - - 3.70

Hydrocarbons
Heptane 15.38 - -
Cyclohexane 3.92 - -
Benzene 1.27 - -
Hexane 1.23 - -
Heptacosane 5.29 - -
Eicosane 4.31 - -
Cyclotrisiloxane 1.13 - -
Nonacosane 2.18 - -

Aziridines
2-aziridinedicarboxylate 2.55 - -

Ketones
Ketone - - 5.70
New ketone - - 5.80

Others 14.09 20.33 35.5
Grand total 100.00 100.00 100.00

Extraction methods: T: traditional, M: modern

Under modern laboratory conditions wood
samples generally are taken from living (or
newly cut) trees, dried and then processed for
extraction (Hafizoglu 1987; Loizzo et al. 2008).
Old, dead resinous stumps produce better qual-
ity tar than relatively fresh and newly cut stumps,
and extracts produced in autumn (in other
words, following a prolonged hot and dry sum-
mer) are of higher quality than those produced
in other seasons (Kurt et al. 2008).

Extraction Temperature

In the traditional process, temperature inside
the system usually reaches above 300 °C. Slow
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and regular burning of resinous heartwoods in-
side the “kurna” system improves the quality
of tar (Hjulstrom et al. 2006; Kurt et al. 2008).
Egenberg et al. (2003) indicated that Scots pine
tar obtained from the first barrel in kiln pro-
duction varies significantly in chemical com-
position than the last barrel in the same extrac-
tion process due to gradual increase of tempera-
ture during production. Similar results were re-
ported by Kurt et al. (2008) for traditional tar
production from Taurus cedar. Variation in tem-
perature affects dehydrogenation, decarboxyla-
tion and aromatization of compounds, thus,
causing significant variation in chemical com-
position of the final product extracted. The good
quality tar (in color, viscosity) is obtained from
kilns or holes (kurna) above 200 ºC (Egenberg
et al. 2002, 2003; Kurt et al. 2008).

The low extraction temperature (generally
between 40-100 ºC) appears to be not sufficient
to induce certain chemical reactions such as
dehydrogenation, decarboxylation and others to
take place under modern laboratory conditions
(Hafizoglu 1987; Loizzo et al. 2008). Also, tar
obtained by hydro distillation with solvents
(Hafizoglu 1987; Loizzo et al. 2008) appears to
have different chemical composition due to oxi-
dation compared to tar obtained by dry and/or
destructive distillation (Egenberg et al. 2002,
2003; Kurt et al. 2008).

Heating and/or Burning Time

In traditional methods, the burning duration
varies depending on the size of kiln and or kurna
(excavated holes), the proportion of resins in
wood and accuracy of the burning process. It
may take up to 2-15 days to complete the whole
burning of resinous wood within the kilns and/
or kurna (Egenberg et al. 2002; Hjulstrom et al.
2006; Kurt et al. 2008). The good quality tar is
obtained by burning process that proceeds slowly
and gradually during the process (Egenberg et
al. 2003; Kurt et al. 2008). In modern labora-
tory methods, however, the extraction process
is completed generally within a few hours
(Loizzo et al. 2008). Tar produced under labo-
ratory conditions does not have a desired qual-
ity both in color and viscosity according to na-
tive people (Kurt et al. 2008).

Biological Activity

The native people consume Taurus cedar tar
both internally and externally to heal wounds,

fight parasites, and cure various diseases in both
human and domestic animals (Baytop 1999;
Kurt et al. 2008; Kargioglu et al. 2010). The
local people apply Taurus cedar tar (in rather
low concentration) in drinking water of domes-
tic animals to protect them against internal para-
sites and various diseases (Fig. 1). Taurus cedar
tar is also used externally against skin wounds
and diseases of domestic animals, especially the
young and less experienced ones (Fig. 2). Tau-
rus cedar extracts were applied in different ar-
eas to investigate their effects on antimicrobial
(Digrak et al. 1999; Yesilada et al. 1999; Kizil
et al. 2002), antiviral (Loizzo et al. 2008) and
larvicidal (Cetin et al. 2009) activities. Also,
Singh and Agarwal (1988) reported that α-
himachalene and himachalol from Cedrus
deodara woods had significant insecticidal ac-
tivity.

Tar of Scots pine has generally been used as
a coating material of wooden surfaces of
churches, houses, boats and ships (Zackrisson
et al. 2000; Egenberg et al. 2002). Scots pine
tar is a well known product in Scandinavian
countries by the name of “Stockholm tar”
(Egenberg et al. 2003; Hjulstrom et al. 2006).
Essential oils and tar components from differ-
ent parts of forest trees (such as needle, cone,
root and bark) are known to contain monoter-
penes, sesquiterpenes, resin acids, aldehydes,
phenols and others (Hafizoglu 1987; Hafizoglu
and Reunanen 1987; Baser and Demircakmak
1995; Reunanen et al. 1996; Willfor et al. 2007).
Additional studies are needed to investigate if
biological activities of tars on various applica-
tions differ depending on the kinds of extrac-
tion methods.

CONCLUSION

Studies by the researchers indicate that res-
inous wood extract (or tar) obtained from tradi-
tional method has different chemical compounds
and/or different amounts of a given chemical
compound than that produced under modern
laboratory conditions. Such differences in tar
composition between the two methods may arise
due to several reasons, among which are prop-
erties of wood material used, extraction tempera-
ture, and length of heating and/or burning time.
Tar obtained by either method has been used
for similar purposes, regardless of their chemi-
cal constituents. However, it is not known
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Fig. 1. Application of Taurus cedar tar in drinking water  of domestic animals near a high meadows (Photo: Yusuf Kur t)

Fig. 2. Use of Taurus cedar tar for  skin diseases on a very young goat (Photo: Yusuf Kur t)
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whether tar produced by both methods have
similar biological activities or not.

RECOMMENDA TIONS

It is suggested that a biological activity study
needs to be performed by using tar obtained
through both methods, provided both methods
use wood material with similar properties.
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