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Abstract - Essential oil composition of some Centaurea sp. (Asteraceae)
from different italian islands. The volatile constituents of leaves and
flower heads of several Centaurea species from different islands of
Ligurian and Tyrrhenian Sea were investigated for the first time. C.
veneris (Sommier) Bég. from Palmaria Island (Ligurian Sea), C. gyz-
nocarpa Moris & De Not. from Capraia Island, C. aetaliae (Somm.)
Bég. and C. ilvensis (Sommier) Arrigoni from Elba Island (Northern
Tyrrhenian Sea); C. aeolica Lojac. subsp. aeolica from Lipari, Aeolian
Islands, C. busambarensis Guss., C. panormitana Lojac. subsp. ucriae
(Lacaita) Greuter, C. panormitana Lojac. subsp. umbrosa (Fiori) Greu-
ter, C. panormitana Lojac. subsp. todaroi (Lacaita) Greuter, C. panor-
mitana Lojac. subsp. seguenzae (Lacaita) Greuter from different local-
ities in Sicilia (southern Tyrrhenian Sea), were collected at flowering
stage. All samples were extracted by steam distillation to obtain the
volatile fraction with a yield ranging from 0.02-0.13% in leaves and
0.01-0.09% in flower heads (weight/fresh weight basis), respectively.
The oils were then analyzed by GC/FID and GC/MS methods and
more than 100 compounds belonging to several chemical classes were
identified and quantified in all the samples. Sesquiterpenes represent
the most abundant class of compounds (22.35-61.67% and 35.16-
57.51% of the total volatiles in leaves and flower heads, respectively)
of which germacrene D was the dominant constituent (10.03-42.65%
and 7.33-30.32% in leaves and flower heads, respectively). Aldehydes,
hydrocarbons, ketones, monoterpenes, alcohols, acids, esters and mis-
cellaneous compounds were also identified and quantified in different
amount in the volatile oils from all the examined plant organs. Other
compounds were also detected and they appear to be species-specific,
as their presence was only detected in either one or the other Centau-
rea species.

Key words - Centaurea aeolica; C. aetaliae; C. busambarensis; C. il-
vensis; C. gymnocarpa; C. panormitana subsp. ucriae, subsp. umbrosa,
subsp. todaroi and subsp. seguenzae; C. veneris; Asteraceae; essential
oil composition; GC/MS; Ligurian and Thyrrenian sea Islands, Italy.

Riassunto - Composizione di oli essenziali di alcune specie del genere
Centaurea raccolte in diverse isole italiane. Sono stati estratti per di-
stillazione in corrente di vapore i costituenti volatili delle parti aeree
(foglie e infiorescenze) di diverse specie appartenenti al genere Cer-
taurea: C. veneris (Sommier) Bég, C. gymmnocarpa Moris & De Not., C.
ilvensis (Sommier) Arrigoni e C. aetaliae (Somm.) Bég. da diverse isole
del Mar Ligure e del Mar Tirreno Settentrionale; C. acolica Lojac.
subsp. aeolica da Lipari, Isole Eolie; C. busambarensis Guss., C. panor-
mitana Lojac. subsp. ucriae (Lacaita) Greuter, C. panormitana Lojac.
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subsp. umbrosa (Fiori) Greuter, C. panormitana Lojac. subsp. todaroi
(Lacaita) Greuter, C. panormitana Lojac. subsp. seguenzae (Lacaita)
Greuter da diverse localita della Sicilia. La resa in olio essenziale ¢
risultata essere compresa tra 0.02 e 0.13% per le foglie e tra 0.01 e
0.09% per le infiorescenze, calcolata sul peso fresco. Gli estratti sono
stati quindi analizzati mediante GC/FID e GC/MS e pit di 100 com-
posti appartenenti a diverse classi chimiche sono stati identificati e
quantificati. I sesquiterpeni rappresentano la classe pitt abbondante
di composti (valutati rispettivamente 22.35-61.67% e 35.16-57.51%
dei volatili totali in foglie ed infiorescenze), tra cui il germacrene D
¢ risultato il composto dominante (valutato 10.03-42.65% dei volatili
totali nelle foglie e 7.33-30.32% dei volatili totali nelle infiorescenze).
In tutti i campioni analizzati sono stati identificati anche: aldeidi,
idrocarburi, chetoni, monoterpeni, alcoli, acidi ed esteri in quantita
minore. Da queste indagini sono stati inoltre evidenziati alcuni com-
posti specie-specifici che sembra possano avere anche un significato
chemotassonomico.

Parole chiave - Centaurea aeolica; C. aetaliae; C. busambarensis; C. il-
vensis; C. gymnocarpa; C. panormitana subsp. ucriae, subsp. umbrosa,
subsp. todaroi e subsp. seguenzae; C. veneris; Asteraceae; composizio-
ne di oli essenziali; GC/MS; Isole dei Mari Ligure e Tirrenico, Italia.

INTRODUCTION

The genus Centaurea (Cardueae tribe, Asteraceae)
is represented by a very large number of species
(400-700) with predominantly Old World distribu-
tion (Hellwig, 2004; Bancheva & Greilhuber, 2006;
Greuter, 2006-09; Greuter 2008; Hilpod ez 4/, 2011).
Several papers on secondary metabolites of Cerntau-
rea species are available from literature (Baykan-Erel
et al., 2010), and a number of them are on volatile
constituents (Rosselli ez al., 2009; Formisano et al.,
2010, 2011; Tava et al., 2010; Viegi et al., 2010, 2011,
2013; Esmaeili & Khodadadi, 2012; Jemia et al., 2012;
Politeo et al., 2012; Demirtas & Sahin, 2012; Kilic,
2013). This taxon is very complex and could benefit
from research using new cytological and chemical
techniques.

The present study extends our work on Centaurea spe-
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cies in Italy and its aim was to investigate the essential
oil composition of seven species from different Italian
islands.

Four species were from Ligurian and Northern Thyr-
renian Sea Islands:

C. veneris (Sommier) Bég. is an endemic perenni-
al species that grows among the calcareous rocks
of Portovenere and the nearby islands of Palmaria,
Tino and Tinetto, in the Ligurian Sea. Chromosome
number is 2n=18 (Viegi et al., 1972b, sub. C. cinerar-
za L. var. veneris (Somm) Bég.). This taxon has not
yet been assessed for the IUCN Red List, but it is
in the Catalogue of Life (http://www.catalogueoflife.
org/);

C. gymnocarpa Moris & De Not is an endemic peren-
nial species that inhabits among the acid rocks (vul-
canites) of Capraia island (Tuscan Archipelago), in
the northern Tyrrhenian Sea. Its localities have been
described as “Habitat 8220” in the EC Habitats Di-
rective. Chromosome number is 2n=18 (Guinochet
& Foissac, 1962; Viegi & Cela Renzoni, 1976). The
species is considered endangered (EN), according to
LU.C.N. Red List criteria (Conti ez al., 1997; Foggi,
20006);

C. aetaliae (Sommiér) Béguinot is an endemic pe-
rennial species that-grows on siliceous rocks of Mt
Volterraio on Elba island, in the northern Tyrrhenian
Sea. Chromosome number is 2n=18 (Viegi & Cela
Renzoni, 1976; Signorini et al., 2001, sub C. aplolepa
Moretti subsp. aetaliae (Sommier) Dostal). This taxon
has not yet been assessed for the IUCN Red List, but
it is in the Catalogue of Life (http://www.catalogueof-
life.org/);

C. ilvensis (Sommiér) Arrigoni is an endemic peren-
nial species that inhabits among the acid rocks (gran-
ites) of Mt Capanne on Elba island, in the northern
Tyrrhenian Sea. Chromosome number is 2n=18 (Viegi
& Cela Renzoni, 1976, sub C. dissecta Ten. var. ilvensis
Sommier). This species has not yet been assessed for
the TUCN Red List, but it is in the Catalogue of Life
(http://www.catalogueoflife.org/).

Three species were from Southern Thyrrenian Sea Is-
lands and are all endemics:

C. aeolica Lojac. grows on volcanic rocks at Lipari (Ae-
olian Islands). Chromosome number is 2n=18 (Viegi e#
al., 1972b, sub. C. aeolica Guss. in Lojac.). This taxon
has not yet been assessed for the TUCN Red List, and
also it is not in the Catalogue of Life;

C. busambarensis Guss. inhabits on calcareous rocks
at Mt Busambra and Isnello (PA). Chromosome num-
ber is 2n=18 (Tornadore et al, 1974; Cela Renzoni &
Viegi, 1982; Devesa et al., 1988). This taxon has not yet
been assessed for the IUCN Red List, but it is in the
Catalogue of Life;

C. panormitana Lojac., of which four subspecies were
collected in different sicilian localities. This taxon has

not yet been assessed for the IUCN Red List, and also
it is not in the Catalogue of Life;

7a - C. panormitana Lojac. subsp. wucriae (Lacaita)
Greuter (= C. ucriae Lacaita) grows on arid rocks in
front of the sea;

7b - C. panormitana Lojac. subsp. umbrosa (Fiori)
Greuter (= C. umbrosa Lacaita) inhabits on shady
rocks. Chromosome number is 2n=18 (Viegi et al,
1972b; Cela Renzoni & Viegi, 1982, sub. C. ucriae Lac.
subsp. umbrosa (Lac.) Cela Renzoni et Viegi);

7c - C. panormitana Lojac. subsp. todaroi (Lacaita)
Greuter (= C. todaror Lacaita) grows on arid rocks.
Chromosome number is 2n=18 (Brullo & Pavone,
1978, sub. C. todari Lacaita; Cela Renzoni & Viegi,
1982, sub. C. ucriae Lac. subsp. todari (Lac.) Cela Ren-
zoni et Viegi);

7d - C. panormitana Lojac. subsp. seguenzae (Lacaita)
Greuter (= C. todari Lacaita subsp. seguenzae (Lacaita)
Giardina & Raimondo) grows on arid rocks in front
of the sea. Chromosome number is 2n=18 (Viegi et al.,
1972b, sub. C. todari Lacaita forma seguenzae Lacaita).
The nomenclature follows Greuter (2006).

C. gymnocarpa, C. veneris, C. aeolica, C. busambaren-
sis, C. panormitana belong to the group known as the
“cineraria” group (Viegi et al, 1972a; Cela Renzoni
& Viegi, 1982; Bancheva et 4/, 2006; Hilpod et al,
2011). This group probably was once a single species
when the land masses were united, but as islands were
formed, new species evolved on each island (I.U.C.N.,
2014)

MATERIALS AND METHODS

Plant materials

The aerial parts (fresh and dry flower heads and
leaves) of C. veneris from Palmaria, C. gymnocarpa
from Capraia, as well as of C. ilvensis and C. aetali-
ae from Elba island (Mt Capanne and Mt Volterraio,
respectively), as well as of Sicilian species, C. aeolica
subsp. aeolica from Lipari (Aeolian Islands), C. busa:-
barensis  from Isnello (PA), C. panormitana. subsp.
ucriae from Sferracavallo (PA), C. panormitana subsp.
umbrosa from Mt Gallo and Mt Pellegrino, at Mon-
dello (PA), C. panormitana. subsp. todaroi from Baghe-
ria (PA) (along motorway), C. panormitana subsp. seg-
uenzae from Capo Tindari (ME) were collected during
their flowering period (April-July) in 2006 and 2007.
Voucher specimens of these plants are deposited in
PI (Pisa University, Herbarium Horti Pisani). Num-
bers as follows: PI - New acquisitions - 9476 Centaurea
gymnocarpa/ 5; Pl - New acquisitions - 9476 Centau-
rea veneris/T, Pl - New acquisitions - 9476 Centaurea
aetaliae/ 3; P1 - New acquisitions - 9476 Centaurea il-
vensis/ 2; PI - New acquisitions -9476 C. aeolica subsp.
aeolica /4; P1 - New acquisitions - 9476 C. busamba-



rensis/6 ; PI - New acquisitions - 9476 C. panormitana.
subsp. ucriae (sub. C. ucriae subsp. ucriae) from Sferra-
cavallo/4; PI - New acquisitions - 9476 C. panormitana
subsp. umbrosa (sub. C. ucriae subsp. umbrosa) from
Mt Gallo /4 , PI - New acquisitions - 9476 C. panor-
mitana subsp. umbrosa (sub C. ucriae) from Mondello
(PA) /3; PI - New acquisitions - 9476 C. panormitana.
subsp. todaroi (sub C. todari) from Bagheria (PA) /2;
PI - New acquisitions - 9476 C. panormitana subsp.
seguenzae (sub C. todari subsp. seguenzae) /4.

For each population, a sample of 20 individuals was
collected. Samples were stored in a corked glass bottle
with 100 ml of CH,Cl, as preservative and stored at
4°C until analysis.

Isolation of the essential oils

The tissue samples were steam distilled with odor-free
water in a Clevenger-type apparatus to give 300 mL
of distillate. This was saturated with NaCl, extracted
with freshly distilled diethyl ether (3 x 100 mL), dried
over anhydrous Na,SO, and concentrated in a rotary
evaporator to give a pale-yellow oil. The obtained es-
sential oils were than analyzed by gaschromatographic
methods.

Gas chromatography and gas chromatography-mass spec-
trometry

GC/FID analyses were carried out using a Perkin
Elmer model 8500 GC equipped with a 30 m x 0.32
mm Elite-5MS capillary column (0.5 mm film thick-
ness). Samples (0.5 mL) were injected in the split mode
(1:30) with a column temperature program of 40°C for
5 min, then increased to 280°C at 4°C/min and finally
held at this last temperature for 10 min. Injector and
detector were set at 250°C and 300°C, respectively;
the carrier gas was He with a head pressure of 12.0 psi.
GC/MS analyses were carried out using a Perkin El-
mer Clarus 500 GC equipped with a Clarus 500 mass
spectrometer using the same capillary column and
chromatographic conditions as for the GC-FID anal-
yses. Mass spectra were acquired over 40-500 amu
range at 1 scan/s with ionizing electron energy 70 €V,
ion source 200°C. Transfer line was set at 300°C, car-
rier gas was He at 1.0 mL/min.

Identification and quantification of the essential oil com-
ponents

The identification of the oil components was per-
formed by their retention indices (RI), authentic ref-
erence compounds, peak matching library search, as
well as published mass spectra (NIST/EPA/NIH,
2000; Joulain & Konig, 1998; Adams, 2007). Retention
indices (RI) were calculated using n-alkane series (C6-
C32) under the same GC conditions as for the samples.
The relative amounts (RA) of individual components
of the oil are expressed as percent peak area relative
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to total peak area from the GC-FID analyses of the
whole extracts. The amount of essential oil from leaves
and flower heads of the examined Centaurea species
ranged from 0.01 to 0.15% of fresh material.

RESULTS AND DISCUSSION

The volatile oil of the different Centaurea species
under investigation contain several compounds
belonging to different chemical classes, including
sesquiterpenes, aldehydes, hydrocarbons, alcohols,
monoterpenes, ketones, acids, esters and miscella-
neous. The percentage composition of these classes
of compounds in the volatile oils of leaves and flower
heads of the Centaurea sp.pl. from different islands
of Ligurian and Tyrrhenian Sea are listed in Table 1.
As shown in this table, the most abundant classes of
compounds were sesquiterpenes, ranging from 22.35
to 61.67% of the total volatiles in leaves and from
35.16 to 57.51% of the total oil in flower heads. The
other classes of detected compounds were: aldehydes
(6.48-15.42% in leaves, 6.47-24.47% in flower heads),
hydrocarbons (1.67-18.26% in leaves, 8.09-24.29% in
flower heads), alcohols (1.76-21.83% in leaves, 0.55-
8.35% in flower heads), monoterpenes (1.24-2.74%
in leaves, 0.59-2.45% in flower heads), ketones (0.34-
11.85% 1in leaves, 0.71-3.51% in flower heads), acids
(0.57-4.50% in leaves, 0.38-5.94% in flower heads),
esters (0.75-4.67% in leaves, 0.05-1.45% in flower
heads) and miscellaneous (0.09-7.72% in leaves, 0.24-
1.21% in flower heads).

Concerning the single oil constituent, the sesquiter-
pene germacrene D is detected in all the analysed
samples and represents one of the most abundant
constituents. This compound is also reported as a
constituent of the volatile fraction of other Centaurea
sp.pl. from different countries (Binder ez al., 1990;
Senatore et al., 2003; Beck ez al., 2008; Rosselli et al.,
2009; Formisano et al., 2010, 2011; Tava ez al., 2010;
Viegi et al., 2010; 2011; 2013; Esmaeili et al., 2012;
Demirtas et al., 2012; Jamia et al., 2012; Politeo et al.,
2012; Kilic, 2013).

Moreover, differences in the quantitative composition
of the volatile fraction of the investigated Centaurea
sp.pl. from Italian islands can be observed. In par-
ticular, the five most abundant detected compounds
- listed in terms of percentage amount - in the seven
Centaurea species were:

from Ligurian and Northern Thyrrenian Sea Islands:
C. veneris: germacrene D (42.65% leaves - 30.32%
flower heads); E-caryophyllene (5.73% leaves, 5.80%
flower heads); phenylacetaldehyde (4.52% leaves,
3.23% flower heads); bicyclogermacrene (3.28%
leaves, 2.70% flower heads); a-ylangene (1.34% leaves,
4.31% flower heads);
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C. gymnocarpa: germacrene D (13.84% leaves, 20.53%
flower heads); 1-pentadecene (7.57% leaves, 6.87%
flower  heads);  germacra-4(15),5,10(14)trien-1-ol
(6.85% leaves, 0.09% flower heads); E-caryophyllene
(4.88% leaves, 4.49% flower heads); phenylacetalde-
hyde (3.15% leaves, 2.85% flower heads);

C. aetaliae (leaves only): germacrene D (16.92%); ger-
macra-4(15),5,10(14) trien-1-ol (10.09%); E-caryophyl-
lene (8.96%); cis-3-hexen-1-ol (4.57%); phenylacetalde-
hyde (3.10%);

C. ilvensis (leaves only): germacrene D (21.83%);
E-caryophyllene  (9.79%);  germacra-4(15),5,10(14)
trien-1-ol (5.32%); cis-3-hexen-1-ol (4.75%); phenylac-
etaldehyde (3.82%).

From Southern Thyrrenian Sea Islands:

C. aeolica: germacrene D (10.03% leaves, 7.33% flower
heads); E-caryophyllene (5.71% leaves, 14.86% flow-
er heads); 4,5-di-methyl-4-hexen-3-one (7.49% leaves,
0.05% flower heads); cis-3-hexen-1-ol (4.38% leaves,
1.10% flower heads); germacra-4(15),5,10(14) trien-1-ol
(4.61% leaves, 0.45% flower heads);

C. busambarensis: germacrene D (31.56% leaves,
17.62% flower heads); E-caryophyllene (5.22% leaves,
17.79% flower heads); cis-3-hexen-1-ol (6.22% leaves,
0.15% flower heads); phenylacetaldehyde (3.29%
leaves, 3.76% flower heads); 1-pentadecene (3.06%
leaves, 18.19% flower heads); benzyl alcohol (2.95%
leaves, 0.35% flower heads);

7a. C. panormitana subsp. wucriae: germacrene D
(11.11% leaves, 27.87% flower heads); 4,5-di-meth-
yl-4-hexen-3-one (8.93% leaves); phenylacetaldehyde
(2.79% leaves, 7.91% flower heads); eugenol (7.17%
leaves, 0.24% flower heads); E-caryophyllene (1.94%
leaves, 8.14% flower heads);

7b. C. panormitana subsp. umbrosa (from Mt Gallo):
germacrene D (16.30% leaves, 20.96% flower heads);
cis-3-hexen-1-ol (5.56% leaves, 0.03% flower heads);
E-caryophyllene (2.67% leaves, 7.57% flower heads);
phenylacetaldehyde (2.16% leaves, 12.73% flower
heads); 1-pentadecene (0.87% leaves, 1.95% flower
heads);

7b. C. panormitana subsp. umbrosa (from Mt Pellegri-
no): germacrene D (38.52% leaves, 16.83% flower
heads); c¢z5-3-hexen-1-ol (1.23% leaves, 0.23% flower
heads); E-caryophyllene (4.93% leaves, 14.45% flow-
er heads); phenylacetaldehyde (1.29% leaves, 1.40%
flower heads); 1-pentadecene (0.78% leaves, 9.17%
flower heads);

7c. C. panormitana subsp. todari: germacrene D
(20.59% leaves, 23.73% flower heads); c7s-3-hexen-1-ol
(9.13% leaves, 0.50% flower heads); E-caryophyllene
(5.03% leaves, 11.33% flower heads); phenylacetalde-
hyde (2.02% leaves, 8.15% flower heads); 4,5-di-meth-
yl-4-hexen-3-one (7.49% leaves);

7d. C. panormitana subsp. seguenzae: germacrene D
(33.01% leaves, 15.21% flower heads); E-caryophyllene

(4.52% leaves, 9.97% flower heads); cis-3-hexen-1-ol
(3.0% leaves, 0.2% flower heads); phenylacetaldehyde
(2.30% leaves, 5.02% flower heads); 1-pentadecene
(0.39% leaves, 3.96% flower heads).

Based on these results, a different trend can be ob-
served for the Centaurea species from Northern and
Southern Thyrrenian Islands under evaluation. As a
general trend, the group of sesquiterpenes, that are the
most abundant and representative constituents of the
volatile oil and include germacrene D, E-caryophyl-
lene, germacra-4(15),5,10(14)trien-1-ol, bicyclogermac-
rene and a-ylangene, were detected in lower amount
in Sicilian species compared to Ligurian and Thyrre-
nian species, while the other classes of constituents,
namely aldehydes, hydrocarbons, ketons, monoter-
penes, alchools, esters, acids, and miscellaneous, were
detected in higher amount in Sicilian species than in
Ligurian and Thyrrenian Centaurea plant extracts (see
Table 1).

These differences, in most of the examined species,
could be due to the local, ecological, climatic condi-
tions of their habitat (Kilic, 2013). Additional research-
es are necessary to explain some debatable results.
The compounds identified in the volatile oils of the
studied species only differed in quantitative compo-
sition, whereas a series of unidentified compounds
seemed more species-specific, as beforehand observed
in other Italian Centaurea species (Tava et al., 2010;
Viegi et al., 2010, 2013).

As previously reported, these substances seem to
belong to the class of polyunsaturated linear-chain
compounds and their occurrence is not unusual, al-
ready having been reported in the Asteraceae family,
including the genus Centaurea (Bohlmann et al., 1966;
Anderson et al., 1977; Binder et al., 1990). Further in-
vestigations are needed to identify these compounds,
to compare their presence in other Centaurea volatile
oils and to evaluate their role for a taxonomical point
of view.
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