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Received 10 February 2006; accepted 15 February 2007

Abstract

Two species belonging to the genus Salvia (Salvia brachyodon Vandas and Salvia officinalis L.) from Dalmatian region were
studied for their essential oil composition, genome size and base composition. These species showed the same chromosome number
(2n¼ 14), similar genome size (0.95 and 0.97 pg/2C) and base composition (38.52 and 38.55 GC%), respectively. This is the first
estimation of DNA content and base composition for both species.

The chemical composition of S. officinalis essential oil was characterized by high content of oxygenated monoterpenes with cis-
and trans-thujone as the major constituents (57.0% and 15.0%, respectively). In contrast, the main component of S. brachyodon
essential oil was oxygenated sesquiterpene humulene epoxide II (22.9%).

S. brachyodon is an endemic Dinaric species with narrow geographical distribution limited to only two localities, one in Croatia
and another at the border of Herzegovina and Montenegro. The Croatian population has been studied here for the first time.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The genus Salvia L., one of the largest genera in the Lamiaceae family (subfamily Nepetoideae), comprises over
900 species throughout the Old and New World. The main speciation centers are considered to be Oriental Mediter-
ranean, South-West Asia, South Africa and America (Hedge, 1992). In European countries the genus Salvia is
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represented by 36 species (Hedge, 1972). One of these species, Salvia officinalis L. (Dalmatian sage), is the most rep-
resentative within the genus and has been the object of numerous investigations especially regarding its richness in
volatile constituents (Pitarević et al., 1984; Kuštrak et al., 1984; Putievski et al., 1986; Dudai et al., 1999; Perry
et al., 1999; Radulescu et al., 2004; Avato et al., 2005; Marić et al., 2006). In this work we studied the essential oil
composition of S. officinalis and Salvia brachyodon Vandas that belong to the same section (Salvia). S. brachyodon
is an endemic Dinaric species with very narrow geographical distribution limited to only two localities, one in Croatia,
Mt Vipera (St. Ilija), Pelješac Peninsula, and another on Mt Orjen, at the border of Herzegovina and Montenegro (Bar-
balić, 1956; Abad�zić and Šilić, 1982; Šilić, 1984). Vandas (1889) was the first who discovered this species on Mt Orjen
and that is considered as locus classicus. In 1898 Vandas also found the second locality for this species on Pelješac
Peninsula (SARA/Brandis). Girometta (1930) indicated the presence of S. brachyodon on Mt Mosor (Croatia) but it
has never been confirmed by other botanists. The composition of essential oil in Orjen’s population has been already
studied (Savikin-Fedulovic et al., 2002; Tzakou et al., 2003; Soković et al., 2005) while, to the best of our knowledge,
the population from Pelješac Peninsula has never been subjected to any kind of phytochemical investigation. Given the
paucity of information about Salvia species, only 1 value for 900 species (Bennett and Leitch, 2003), we have mea-
sured the DNA content of two investigated species.

Our study was related to the Mt Vipera locality where S. brachyodon and S. officinalis grow together in the same
habitat. The aims of present work were:

- analysis of the content and chemical composition of the essential oil isolated from S. brachyodon of Croatian
origin that has not been reported to date;

- comparison of these results with bibliographic data concerning locus classicus (Mt Orjen), in order to test
inter-population variation related to different geographical positions and environmental conditions;

- comparison of the essential oil composition of S. officinalis from Pelješac population with data concerning
population from Herzegovina region published earlier;

- to provide the first data on genome size (2C DNA values) and base composition (GC%) for two investigated
species.

2. Material and methods

2.1. Plant material

The plant material of S. brachyodon and S. officinalis was collected in August 2003, after flowering season, on Mt
Vipera, Pelješac Peninsula (altitude 800 m.s.m.). Herbarium vouchers of the studied populations are deposited in the
Herbarium of Institute ‘‘Mountain and Sea’’ (MAKAR) in Makarska (Croatia).

2.2. Estimation of nuclear DNA content and base composition by flow cytometry

The total DNA amount was assessed by flow cytometry according to Marie and Brown (1993). Petunia hybrida
cv. PxPc6 (2C¼ 2.85 pg and 41% GC) was used as an internal standard. Leaves of both studied species and internal
standard were chopped using a razor blade in a plastic Petri dish with 600 ml of Galbraith nucleus-isolation buffer
(Galbraith et al., 1983) containing 0.1% (w/v) Triton X-100, 10 mM sodium metabisulfite and 1% polyvinylpyrro-
lidone 10,000. The suspension was passed through a 48 mm mesh nylon filter. The nuclei were stained with 50 mg/ml
propidium iodide, a specific DNA fluorochrome intercalating dye, used with 15 min RNAse treatment (2.5 U/ml) at
4 �C. Base composition was assessed using AT-specific fluorochrome bisbenzimidine Hoechst 33342 (5 mg/ml;
Aldrich) and GC-specific fluorochrome mithramycin (50 mg/ml). For mithramycin, incubation of 20 min was nec-
essary before measurement.

DNA content of 5000e10,000 stained nuclei was determined for each sample using an Elite ESP flow cytometer
(BeckmaneCoulter, Roissy, France) with a water-cooled argon laser. Total 2C DNA value was calculated using the
linear relationship between the fluorescent signals from stained nuclei of the unknown specimen and the known
internal standard. Base composition (GC percentage) was calculated using the nonlinear model established by Godelle
et al. (1993). Each studied population comprised at least five individuals, measured separately and with repetition.
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2.3. Extraction and analysis of essential oils

In order to obtain essential oils, air-dried plant material from at least 10 individuals for each species was subjected
to hydrodistillation in a Clevenger type apparatus for 3 h. Overground parts (stems and leaves) of S. brachyodon con-
tained 1.6% of strong fragrance oil of light yellow color. The yield of light yellow volatile oil with penetrating odor
from S. officinalis was 2.3% of dry weight.

Extractable plant constituents were analyzed by GCeMS using HewlettePackard GCeMS system (GC 5890
series II: MSD 5971A). The GC conditions were: the fused-silica HP-20 M polyethylene glycol column,
(50 m� 0.2 mm, 0.2 mm film thickness); carrier gas He (1 ml/min), temperature program: isothermal at 70 �C for
4 min, then 4 �C/min to 180 �C, and held 10 min isothermal. The injection port temperature was 250 �C. The ioniza-
tion of the sample components was performed in the EI mode (70 eV). The linear retention indices for all compounds
were determined by co-injection of the sample with a solution containing the homologous series of C8eC22 n-alkanes.
Identification of all volatile components was accomplished by comparison of their retention indices with literature
data (Adams, 2001), and also by comparing their mass spectra with Wiley mass spectral database, Mass Finder 3 Com-
puter Software and Terpenoids Library, and the visual interpretation of mass spectra with those found in the literature,
and in the laboratory own database.

3. Results and discussion

Two studied species showed the same diploid chromosome number 2n¼ 14, and similar genome size (0.95 and
0.97 pg/2C) and base composition (38.52 and 38.55 GC%). This is the first estimation of DNA content and base com-
position for both species (Table 1). Only one Salvia species is mentioned in the Angiosperms DNA C-values database
(Bennett and Leitch, 2003). It is tetraploid Salvia splendens Ker-Gawl cv. Sello with 2C¼ 1.7 pg (Olszewska and
Osiecka, 1983), which is less than double theoretical mean 2C value of related diploid species. The decrease of
DNA content in polyploids is a common event and has been reported in numerous genera as Sesleria, Ranunculus
and Zingeria (Lysak and Dolezel, 1998; Hörandl and Greilhuber, 2002; Kotseruba et al., 2003).

These two Salvia species, as expected, showed marked differences both in qualitative and quantitative composition
of their essential oils (Table 2).

The high percentage of oil in S. officinalis (2.3%) is in agreement with results obtained by Pitarević et al. (1984) and
Kuštrak et al. (1984) who reported on seasonal and locality variation of essential oil yield and composition of the Dal-
matian sage leaves, collected from different regions of Croatian Adriatic Coast.

The composition analysis of the volatile compounds from S. officinalis showed its essential oil clearly belongs to
thujone-chemotype. The major component of the oil, dominated by oxygenated monoterpenes (78.0%), was cis-
thujone (57.0%). The next most abundant constituents were trans-thujone and viridiflorol (15.0% and 14.2%, respec-
tively). These results proved good quality of Dalmatian sage oil containing a high percentage (>50%) of the epimeric
cis- and trans-thujones and low proportion of camphor (<20%), fulfilling the requirements reported by Perry et al.
(1999). The comparison of the present and our previous results on essential oil composition of S. officinalis from Her-
zegovina region are presented in the Table 2. The plant material of these two population was gathered during the same
season, (August, after flowering), but at the different altitudes. While S. officinalis from Pelješac showed richness in
cis- and trans-thujone content, (72.0% in total), essential oil obtained from the plant material collected from the pop-
ulation in Herzegovina region had camphor as the main constituent (29.1%), low amount of cis-thujone (21.0%), and
no trans-thujone.

As expected, inter-specific comparison of the essential oils obtained from two Salvia species growing together in
the same habitat (Pelješac) reveals significant differences both in qualitative and quantitative composition. The

Table 1

Origin of material and cytogenetic data concerning two Salvia investigated species

Species 2n 2C DNA in pg GC% Locality

S. brachyodon 14 0.95 38.52 Mt Vipera (St. Ilija), cca 800 m.s.m, latitude: 42�5905000;

longitude: 17�1101000 Pelješac Peninsula, Croatia Leg. and

Coll.: Šolić M. E., Abad�zic S. & Siljak-Yakovlev S. idemS. officinalis 14 0.97 38.55
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essential oil of S. brachyodon (1.6% oil on the basis of dried leaves) was characterized by the high content of sesqui-
terpenes (67.8%). Moreover, the main constituents of S. officinalis essential oil, ketones thujones, have not been found
in S. brachyodon oil. The content of oxygenated monoterpenes was 27.3%, while monoterpene hydrocarbons were not
detected. Essential oil of S. brachyodon comprised 34 constituents with humulene epoxide II as the principal

Table 2

Chemical constituents of the essential oils of two Salvia species

Compound RI S. brachyodon S. officinalis

Pelješac Orjena Orjenb A Orjenb B Pelješac Herzegovinac

RA% RA% RA% RA% RA% RA%

1,8-Cineole 1190 1.6 36.9 23.0 17.2 0.9 10.6

cis-Thujone 1415 e e t t 57.0 21.0

trans-Thujone 1426 e e t t 15.0 e

Dehydro sabina ketone 1434 e e e e 0.3 e

a-Cubebene 1438 t 0.1 t 1.3 e e
a-Copaene 1466 t 0.4 0.6 1.5 e e

Camphor 1475 4.0 4.8 8.0 3.4 3.3 29.1

trans-Pinocamphone 1482 t e e e e e

Linalool acetate 1501 e e e e 0.4 e
cis-Pinocamphone 1511 t e e e e e

Bornyl acetate 1549 t 3.7 9.8 10.5 0.1 3.1

Terpinen-4-ol 1552 2.1 0.6 0.9 t e e
trans-Caryophyllene 1558 e 0.1 t 1.4 0.3 0.5

Aromadendrene 1561 e 0.3 t 1.7 0.1 0.7

Myrtenal 1576 6.2 e e e e e

Allo-aromadendrene 1606 7.2 1.6 2.7 1.7 t

a-Humulene 1632 7.4 0.7 3.2 10.8 4.8 3.1

Borneol 1651 7.8 4.5 7.0 6.2 1.0 5.1

Viridiflorene 1656 e e e e 0.2 0.7

b-Bisabolene 1678 0.9 e t t e e
Germacrene D 1693 t e t t e e

D-Cadinene 1705 e e e e 0.1 e

ar-Curcumene 1730 5.9 0.5 e e e e

Myrtenol 1734 5.2 0.5 t t e 0.7

cis-Calamenene 1775 1.8 0.7 1.6 3.4 e e

Thymol acetate 1783 0.4 e e e e e

Dihydrosesquicineole 1794 0.8 e e e e e
8,14-Cedrane oxide 1858 0.8 e e e 0.3 e

d-Jasmolactone 1893 0.4 e e e e e

Caryophyllene oxide 1922 1.6 0.7 e e e e

Humulene epoxide I 1953 2.8 e e e e e
Humulene epoxide II 1981 22.9 e 7.0 6.4 0.6 e

1-epi-Cubenol 1997 1.6 0.3 1.3 1.2 e e

14-Hydroxy-b-caryophyllene 2006 0.8 e e e e e

Viridiflorol 2039 e e t e 14.2 6.0

Spathulenol 2052 1.8 1.9 3.1 4.7 e e

b-Bisabolol 2090 3.9 e 0.7 t e e

Thymol 2105 0.7 t e e 0.2 e
Carvacrol 2112 1.3 t t e 0.8 e

Cadalene 2146 1.1 0.3 0.6 1.3 e e

a-Bisabolol 2149 1.5 e e e e e

b-Eudesmol 2157 1.1 e 1.1 0.7 e e
14-Hydroxy-a-humulene 2235 3.9 e e e e e

(Z)-Lanceol 2259 e 0.2 e

Total identified 97.5 99.8

Constituents in bold (>5.0); t, Traces (<0.1); e not detected; RI, Retention index on HP-20 M column; RA, relative area.
a Data from Savikin-Fedulovic et al. (2002).
b Data from Tzakou et al. (2003).
c Data from Marić et al. (2006).
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compound, representing 22.9% of the oil from aerial parts of the plant. The total amount of all identified oxygenated
sesquiterpenes was 43.5%.

The results of GCeMS analysis show that the presence and quantity of dominant compounds in the essential oil of
investigated population of S. brachyodon significantly differ from the results published earlier (Table 2). So, it has
been shown that essential oil of S. brachyodon from Mt Orjen contains 1,8-cineole as the major compound (36.9%
according to Savikin-Fedulovic et al., 2002; 23.0% and 17.2% according to Tzakou et al., 2003, and 33.0% according
to Soković et al., 2005), while the plant from Mt Vipera contains this oxygenated monoterpene in much less amount
(1.6%) and its essential oil belongs to sesquiterpene-chemotype.

Chemical differentiation might be correlated to the geographic origin of the populations and ecological conditions
in which they grow. The ecology and also the vegetation composition are quite different in these two populations.
S. brachyodon grows on Mt Orjen at altitude from 500 to 915 m.s.m. in the open habitats at dry rocky places and fields
on dolomite and limestone-dolomite geological substrate where it develops endemic association Lino-Salvietum bra-
chyodoni Šilić et Abad�zić (Abad�zić and Šilić, 1982). This habitat is characterized by extreme conditions where life is
difficult to sustain. The presence of 1,8-cineole in high percentage could cause the allelopathic activity, prevents the
germination and development of alien seeds and in this way reduces the competition of other plant species. In addition,
the same compound protects the plant from different herbivores (Buchanan et al., 2000). In this case, plants from this
population possess great adaptive ability in accordance with specific habitat living conditions.

In contrast, Pelješac population grows on limestone substrate in Pinus nigra ssp. dalmatica forest or at its border,
together with S. officinalis in subassociation Genisto-Ericetum verticilatae Horvatic pinetosum dalmaticae (Horvatić,
1958), where the ecological conditions are more favorable than in the Orjen population.

In conclusion, the differences in qualitative and quantitative compositions of the essential oils were found on both
specific and population levels. The observed differences between two geographically isolated populations of S. bra-
chyodon even suggest existence of a new chemotype. It confirms the influence of environmental conditions on the
nature of plant chemical composition that has the important role in plant adaptation and speciation.
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Marić, S., Maksimović, M., Miloš, M., 2006. The impact of locality altitudes and stages of development on the volatile constituents of Salvia
officinalis L. from Bosnia and Herzegovina. J. Essent. Oil Res. 18, 178e180.

Marie, D., Brown, S., 1993. A cytometric exercise in plant DNA histograms, with 2C values for 70 species. Biol. Cell 78, 41e51.

Olszewska, M.J., Osiecka, R., 1983. The relationship between 2C DNA content, life cycle type, systematic position and the dynamics of DNA

endoreduplication in parenchyma nuclei during growth and differentiation of roots in some dicotyledonous herbaceous species. Biochem.

Physiol. Pflanz. 178, 581e599.

Perry, B.N., Anderson, E.R., Brennan, J.N., Douglas, H.M., Heaney, J.A., Mc Gimpsey, A.J., Smallfield, M.B., 1999. Essential oils from Dalmatian

sage (Salvia officinalis L.): variations among individuals, plant parts, seasons and sites. J. Agric. Food Chem. 47, 2048e2054.
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