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ABSTRACT 
The essential oils (EOs) from the aerial parts of Salvia argentea L. were analyzed at three developmental stages (vegetative, flowering 
and fruiting stages). The highest content of oil (0.15%, w/w) was obtained at full flowering. The current study showed consistent 
compositional variations among the three studied stages. In fact, manool and manoyl oxide characterised the vegetative stage while 
viridiflorol, camphor, methyl eugenol and 1,8-cineole prevailed during flowering and the fruiting phase was marked by the prevalence of 
viridiflorol, �-humulene, �-ionone and methyl eugenol. Additionally, a wide array of bioactive terpenic compounds was commonly found 
at different stages, making S. argentea an advocated herb in pharmaceutical science. 
_____________________________________________________________________________________________________________ 
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INTRODUCTION 
 
Since old times, species of the genus Salvia (Lamiaceae) 
have been extensively used in popular medicine. They also 
find use as condiment, food additive and herbal tea 
(Demirci et al. 2005). In addition to that, their extracts and 
essential oils (EO) are known to have relevant antibacterial 
(Peana et al. 1999), antioxidant (Lu and Foo 2001; Gülçin 
et al. 2004), antiviral (Tada et al. 1994), antifungal (Frater-
nale et al. 2005), and anti-inflammatory activities (Geschel 
et al. 1998; Baricevic et al. 2001). 

In the flora of Tunisia, numerous wild-growing Salvia 
species are investigated among them Salvia argentea which 
is encountered in fields and pastures in the Tunisian Dorsale 
(NE Tunisia) (Pottier-Alapetite 1979). The development 
and the survival of S. argentea depend on the climatic con-
ditions. In fact, high pluviometric precipitations and tem-
peratures, above those characteristic of the native regions, 
are found to be unfavourable to the species growth and 
were found to be even deleterious (Mossi et al. 2011). 

S. argentea also known as silver sage by reference to its 
woolly aspect and silver foliage due to the existence of 
dense hairs on the two sides of leaves (Hedge 1972). This 
hairy appearance has attracted the attention since ancient 
times to the folk medicinal use of this plant as haemostatic 
against wounds (Pieroni et al. 2004). The leaves of the plant 
collected in winter and spring are consumed stewed locally 
in Spain (Tardío et al. 2005). S. argentea plants with their 
large white and violet flowers and their rosette basal leaves 
can be also used in ornamental purposes (Nakipo�lu 1993). 
Fruit were mucilaginous on wetting. That mucilage is used 
for the treatment of eye diseases (Baytop 1999). Besides, 
the hexane extracts of the aerial parts of S. argentea 
collected from Antalya, Turkey, may show high larvicidal 
activity against the mosquito Culex pipiens L. (Diptera: 
Culicidae) under laboratory conditions (Gün et al. 2011). 

Phytochemicals studies pointed out that the species 
possesses a significant array of secondary metabolites such 
as triterpenoids and diterpenoids (Michavila et al. 1986; 
Bruno et al. 1987). Moreover, previous investigations 
demonstrated the occurrence of exudate flavones and fla-
vonols in this plant (Nikolova et al. 2006). These secondary 

metabolites in addition to EO are particularly prone to 
qualitative and quantitative changes according to abiotic 
conditions as well as to the analytical methods used. 
Another source of variability that considerably affects the 
production of these volatile metabolites is the phenological 
stage. 

In Tunisia, S. argentea still unexplored as most of the 
wild-growing species; actually there is only a work per-
formed by Salah et al. (2006) which investigated its anti-
microbial and antioxidant activities. As for the chemical 
composition, the international literature survey showed also 
few works focused on the volatile oil of this species (Hole-
man et al. 1984; Couladis et al. 2001). We recently started 
detailed chemical studies of Salvia (Ben Taârit et al. 2010a, 
2010b, 2010c) in order to give a scientific contribution to 
the distribution and characterization of Tunisian species. Yet, 
no reports have been carried out on EO of silver sage from 
Tunisia so far. So, following our research we proposed to 
investigate the chemical constituents of the EO of S. argen-
tea with a special emphasis to the phenological variations. 

 
MATERIALS AND METHODS 
 
Plant material 
 
S. argentea plants were harvested from a wild population in the 
locality of Sers (Northwestern Tunisia, latitude (36° 03� 26� N); 
longitude (36° 4� 26� E); altitude 111 m). The sampling was done 
by a randomised collection of plants at three stages of develop-
ment (vegetative, full flowering and fruiting). At vegetative stage, 
rosette leaves were collected. At the full flowering stage, all the 
flowers on the shoots were opened. At the fruiting stage, shoots 
with dark brown developed nutlets were harvested from plants. 
The botanical identification was performed by Prof. Abderrazak 
Smaoui (Biotechnology Centre in Borj-Cedria Technopol, Tunisia) 
and according to the morphological description in Tunisian flora 
(Pottier-Alapetite 1979). A voucher specimen (Sa2007) was depo-
sited in the herbarium of Biotechnological Centre of Borj-Cedria 
(Tunisia). The aerial parts of the harvested material were essayed 
for EO composition. 
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Essential oil isolation 
 
The aerial parts were subjected to conventional hydrodistillation 
for 90 min followed by a liquid-liquid extraction using diethyl 
ether and n-pentane mixture (v/v) as solvent. The concentration 
step was carried out at 35°C using a Vigreux column and the EOs 
obtained were dried over anhydrous sodium sulphate and stored in 
amber vials at -18°C until they were analyzed. 

 
Chromatographic analysis 
 
1. Gas chromatography (GC- FID) 
 
The EOs were analysed by gas chromatography using a Hewlett-
Packard 6890 gas chromatograph (Palo Alto CA, USA) equipped 
with a flame ionization detector (FID) and an electronic pressure 
control (EPC) injector. A polar HP Innowax (PEG) column and an 
apolar HP-5 column (30 m × 0.25 mm, 0.25 μm film thicknesses) 
were used. The carrier gas was N2 with a flow rate of 1.6 ml/min; 
split ratio was 60:1. The analysis was performed using the fol-
lowing temperature program: oven temps isotherm at 35°C for 10 
min, from 35 to 205°C at the rate of 3°C/min and isotherm at 
205°C during 10 min. Injector and detector temperature were held, 
respectively, at 250 and 300°C. 
 
2. Gas chromatography-mass spectrometry (GC-MS) 
 
GC-MS analysis was performed on a gas chromatograph HP 5890 
(II) interfaced with a HP 5972 mass spectrometer with electron 
impact ionization (70 eV). A HP-5MS capillary column (30 m × 
0.25 mm, 0.25 μm film thickness) was used. The column tempera-
ture was programmed from 50°C to rise 240°C at a rate of 
5°C/min. The carrier gas was helium with a flow rate of 1.2 
ml/min; split ratio was 60:1. Scan time and mass range were 1s 
and 40-300 m/z respectively. 
 
3. Identification of compounds 
 
The identification of the EO constituents was based on the com-
parison of their retention indexes relative to (C8-C22) n-alkanes 
with those from the Mass Spectral Library “Terpenoids and Rel-
ated Constituents of Essential Oils” using the Mass Finder 3 Soft-
ware (http://www.massfinder.com) and from literature as well as 
those of authentic compounds available in our laboratory. Further 
identification was made by matching their recorded mass spectra 
with those stored in the Wiley/NBS mass spectral library of the 
GC-MS data system and other published mass spectra (Adams 
2001). 
 
Statistical analyses 
 
Data were subjected to statistical analysis using “Statistica” statis-
tical program package (StatSoft 1998). The percentages of volatile 
compounds are means of three experiments, the one-way analysis 
of variance (ANOVA) followed by Duncan’s multiple range test 
were employed and the differences between individual means 
were deemed to be significant at P < 0.05. 
 
RESULTS AND DISCUSSION 
 
The variations of the EO yields of S. argentea aerial parts 
are shown in Table 1. Significant (P < 0.05) changes were 
observed at the different growth stages. During the vege-
tative stage, S. argentea rosette leaves offered an EO yield 
of 0.08%. At the flowering and fruiting stages, the EO 
yields increased significantly and reached 0.15 and 0.11%, 
respectively. Firstly, we noticed that the flowering shoots of 
the studied plants of S. argentea from Tunisia appear to be 
the richest in EO in comparison with those from other 
localities namely Morocco (Holeman et al. 1984) and Ser-
bia (Couladis et al. 2001) and that at the same stage of 
growth. 

Moreover, it is well known that the production of vola-
tile compounds depends not only on the environmental con-
ditions (temperature, relative humidity, rainfall and the 

period of sun exposition) (Kastner 1969) but also on biotic 
factors such as the stage of growth. The current observed 
rise in EO biosynthesis of S. argentea during flowering and 
fruiting was also noticed in Thymus vulgaris plants (Ozgu-
ven and Tansi 1998). Other species belonging to the Lamia-
ceae family mainly Hyptis suaveolens (Oliveira et al. 2005), 
Mentha piperita (Rohloff et al. 2005) and Satureja rechin-
geri (Sefidkon et al. 2007) exhibited a maximum EO yield 
during the flowering stage. Moreover, the survey of EO 
yield variations of Salvia bracteata revealed enrichment 
during flowering followed by a sharp decrease (Amiri 
2007). Pitarevic et al. (1984) also recorded a variation in 
EO yield for S. officinalis collected in Yugoslavia over vari-
ous seasons, with flowering period giving the highest yield. 
Likewise those Salvia species, S. argentea at full-flowering 
stage appears appropriate to harvesting in order to ensure 
maximum EO yield. 

EO compounds identified in S. argentea aerial parts are 
listed in Table 1 following their elution order on the HP-5 
column. As observed, the EO was resolved into 28 compo-
nents at the vegetative, flowering and fruiting stages. The 
common constituents to the three oil samples were manool, 
manoyl oxide, �-pinene, �-fenchone, camphor, viridiflorol, 
�-cadinol and T-cadinol. Although these constituents were 
found in the three studied stages of development, notable 
quantitative variations were observed. In fact, the rosette 
stage is marked by the prevalence of labdane type diter-
penes. This class of compounds, albeit not frequent in aro-
matic plants, had an interesting pharmacological concern. 
Hence, an in vitro cytotoxic activity against lines of human 
leukemic cells was demonstrated (Dimas et al. 1998). Oxy-
genated sesquiterpenes mostly viridiflorol, �-cadinol and T-
cadinol constitute a second main terpenic class at rosette 
stage. These compounds could attribute to the plant numer-
ous biological activities during this phase of development. 
In fact, the viridiflorol is owing to the EO a camphorous 
odour note (Sefidkon and Mirza 1999) and an antifungal 
potential (Kordali et al. 2005). Currently, �-cadinol and T-
cadinol showed an efficient antimite activity (Chang et al. 
2001a). Moreover, �-cadinol is also advocated for its ter-
miticidal property (Chang et al. 2001b). In addition to that, 
it possesses antifungal activities against a broad spectrum of 
tested plant pathogenic fungi and could be used as potential 
antifungal agent for the control of fungal diseases in plants 
(Chang et al. 2008). 

At the flowering stage, the EO was found to be rich in 
oxygenated terpenic forms. Based on this finding, it seems 
that EO at this stage is of high quality since it is recognized 
that the high quality of oil is closely related to a substan-
tially higher amounts of oxygenated components and lower 
amounts of hydrocarbons (Özel et al. 2006). Among the 
oxygenated compounds, viridiflorol was found to be the 
major component of the oil followed by the camphor. Ac-
cordingly, the EO of silver sage from Serbia during flower-
ing contain a substantial amount of sesquiterpenes represen-
ted mostly by viridiflorol (32.4%) pursued by �-humulene 
(10.7%). Hence, viridiflorol is the pre-eminent constituent 
of the EO of silver sage from both of Serbia (Couladis et al. 
2001) and Tunisia. Besides, a fair amount of the diterpeneol 
manool (14.6%) characterised the EO from Serbia. While 
the volatile profile of the plant from Morocco during the 
flowering phase belongs to the camphor chemotype (Hole-
man et al. 1984). These authors reported that EO is pre-
vailed by monoterpenes (camphene, �-pinene, borneol and 
�-thujone) which is in clear contrast with our findings and 
those of Couladis et al. (2001). 

Furthermore, it is worthy to note that the flowering 
stage is characterised by the occurrence of the non-terpenic 
compounds namely eugenol methyl and �-ionone. Of inter-
est, these components have been advocated for their bio-
logical activities methyl eugenol, for example, constitutes 
an antifungal and an antibacterial agent (Wright 2007), 
besides its central nervous system depressant activity with 
anesthetic, hypothermic, myorelaxant and anticonvulsant 
properties (Emea 2004). �-Ionone is another compound 
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with proved activity in rat mammals as potent anticancer 
both in vitro and in vivo (Liu et al. 2008). More compounds 
characterised the EO at this stage namely aromadendrene, 
spathulenol, caryophyllene oxide, �-cadinol, tetradecanoic 
acid and particularly 1,8-cineole. 

As regards the fruiting phase, viridiflorol is a prevailing 
compound accompanied with �-humulene which may 
attributed to the plant EO a potent antimicrobial property 
(Shafi et al. 2002). Interestingly, we detected also some 
oxygenated sesquiterpenes apart from viridiflorol we cite 
mainly spathulenol, caryophyllene oxide and humulene 
epoxide I which could confer to the plant numerous biolo-
gical activities. In fact, spathulenol is credited with a pos-
sible immunomodulatory activity according to Ziaei et al. 
(2011). Moreover, caryophyllene oxide is known as anti-
microbial (Shafi et al. 2002). It was noticeable that the 
fruiting stage contained an important proportion of eugenol 
methyl and �-ionone as the flowering stage. Additional non-
terpenic compounds namely (Z)-3-hexenol, octadecene and 
tetradecanoic acid were detected. The occurrence of these 
compounds can explain the abundance of waxes and resins 
in the fruit. Regarding the tetradecanoic acid, it accordingly 
occurs (3.6%) in the EO of the Serbian silver sage (Coul-
adis et al. 2001). Generally, fatty acids are frequently found 
in the EO of the different Salvia species. In fact, an im-
portant amount of palmitic acid was detected in the EO of S. 

pratensis (14.3-19.1%), S. nemorosa (2.80-18.50%) and S. 
bertoloni (15.50%) originated from Serbia and Montenegro 
(Mimica-Duki� et al. 2002). 

Furthermore the existence of the (Z)-3-hexenol, a C6-
alcohol biosynthesized in the lipoxygenase/HPL pathway, is 
in relation to the herbivore repellence/attraction, as well as 
the induction of gene expression in neighboring unattacked 
plants. This compound was credited with positive roles in 
the indirect defence. Therefore, this compound can be used 
to develop novel insect pest control strategies (Wei and 
Kang 2011). The very low percentage of this compound 
proves that silver sage plants were preserved from animal 
damage and cutting practises (Matsui 2006). Some sesqui-
terpenes namely spathulenol, caryophyllene oxide and 
aromadendrene are common to both of the flowering and 
fruiting stage. 

The sharp variability of the observed EO composition 
through the different phases of herbal development is a 
common feature of Salvia spp. In fact, Pitarevic et al. 
(1984) reported a variation in EO composition of S. offici-
nalis collected at various seasons of the year. Moreover, 
differences on EO composition of S. officinalis were affor-
ded to phenological stages according to Mirjalili et al. 
(2006). Furthermore, Zawislak and Dyduch (2006) found 
that the oil components of S. officinalis varied quanti-
tatively depending on the harvest time. According to Pic-

Table 1 Relative percentage (%) of the essential oil compounds from S. argentea at different phenological stages. 
Compounds* RIa RIb Rosette Flowering Fruiting 
(Z)-3-Hexenol 855 1370 - 0.13 ± 0.03 b 1.14 ± 0.08 a 
�-Pinene 939 1032 2.03 ± 0.03 b 3.15 ± 0.15 a 1.90 ± 0.08 c 
1,8-Cineole 1033 1213 - 5.8 ± 0.05 a 2.8 ± 0.18 b 
�-Fenchone 1087 1406 3.17 ± 0.15 - - 
�-Thujone 1089 1430 - 0.99 ± 0.18 b 1.59 ± 0.12 a 
Linalool 1098 1553 1.07 ± 0.12 c 2.3 ± 0.15 a 1.30 ± 0.15 b 
�-Thujone 1103 1451 - 0.79 ± 0.12 b 1.86 ± 0.15 a 
Camphor 1143 1532 6.68 ± 0.15 b 9.02 ± 0.10 a 3.79 ± 0.10 c 
Borneol 1165 1719 0.16 ± 0.09 c 2.1 ± 0.10 a 1.94 ± 0.15 b 
Terpinen-4-ol 1178 1611 0.28 ± 0.09 - - 
�-Terpineol 1189 1706 0.66 ± 0.05 - - 
Linalyl acetate 1239 1565 1.27 ± 0.04 a 0.14 ± 0.12 c 1.02 ± 0.12 b 
Bornyl acetate 1270 1590 0.22 ± 0.05 a 0.12 ± 0.09 b 0.13 ± 0.04 b 
Geranyl acetate 1383 1765 1.58 ± 0.05 a 0.08 ± 0.15 b 0.07 ± 0.15 b 
Neryl acetate 1385 1733 0.52 ± 0.15 - - 
Methyl eugenol 1402 2028 0.53 ± 0.04 b 6.87 ± 0.05 a 6.13 ± 0.05 a 
�-Caryophyllene 1418 1612 1.85 ± 0.02 - - 
Aromadendrene 1443 1628 - 3.66 ± 0.10 b 3.96 ± 0.15 a 
�-Humulene 1454 1687 2.24 ± 0.11 c 4.80 ± 0.07 b 8.83 ± 0.15 a 
Germacrene-D 1480 1726 0.67 ± 0.02 a 0.30 ± 0.06 c 0.47 ± 0.15 b 
�-Ionone 1482 1960 2.86 ± 0.15 c 3.87 ± 0.15 b 6.57 ± 0.15 a 
Spathulenol 1572 2152 0.91 ± 0.02 b 4.36 ± 0.01 a 4.48 ± 0.05 a 
Caryophyllene oxide 1580 2008 1.50 ± 0.08 c 3.05 ± 0.02 a 2.05 ± 0.15 b 
Iso-Caryophyllene oxide - 2008 0.99 ± 0.07 - - 
Viridiflorol 1592 2104 4.70 ± 0.18 c 15.9 ± 0.12 a 11.3 ± 0.08 b 
Humulene epoxide I 1596 2042 2.88 ± 0.10 a 2.87 ± 0.18 a 2.40 ± 0.15 b 
�-Eudesmol 1618 2185 1.66 ± 0.10 b 2.14 ± 0.13 a 1.45 ± 0.05 c 
T-Cadinol 1640 2187 7.00 ± 0.10 a 1.35 ± 0.05 c 1.58 ± 0.12 b 
�-Eudesmol 1650 - 0.50 ± 0.10 - - 
�-Cadinol 1652 2255 5.29 ± 0.10 a 3.58 ± 0.02 b 1.58 ± 0.02 c 
Tetradecanoic acid 1768 - - 2.77 ± 0.20 b 3.71 ± 0.12 a 
1-Octadecene 1793 - 2.25 ± 0.14 b 0.32 ± 0.18 c 2.68 ± 0.09 a 
Manoyl oxide 1990 - 18.10 ± 0.05 a 1.12 ± 0.08 b 1.12 ± 0.08 b 
Manool 2056 - 20.15 ± 0.32 a 2.47 ± 0.12 b 1.50 ± 0.20 c 
Phytol 2111 - - 1.05 ± 0.18 b 2.51 ± 0.14 a 
Grouped compounds  

Monoterpene hydrocarbons  2.03 3.15 1.90 
Oxygenated monoterpenes  12.02 21.00 13.28 
Sesquiterpene hydrocarbons  4.76 8.76 13.26 
Oxygenated sesquiterpenes  25.43 33.25 24.84 
Diterpenes  38.25 4.64 5.13 

Others  9.23 14.30 21.45 
Essential oil yield (%, w/w) 0.08 ± 0.005 c 0.15 ± 0.06 a 0.11 ± 0.05 b 

* Order of elution in apolar column (HP-5). Means (n�=�3) in the same lines with a different letter (a–c) are significantly different at P�<�0.05 according to DMRT. RI, 
retention indices on (a) the HP-5 and (b) HP Innowax columns; - : not detected. 
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caglia et al. (1997), the oil produced from S. officinalis 
plants harvested at flowering stage differed from that of 
plants collected at the vegetative stage. Marked EO varia-
tions were also detected during the development phases of 
Salvia fruticosa (Müller-Riebau et al. 1997). As well as for 
S. sclarea, qualitative and quantitative changes occur during 
stages of inflorescence maturity according to Balinova-
Tsvetkovaan and Tsankova (1992) and Lattoo et al. (2006). 
At full flowering and early seed ripeness stages Carrubba et 
al. (2002) and Lorenzo et al. (2004) reported differences in 
EO composition. Peši� and Bankovi� (2003) also indicated 
some compositional fluctuations in oil at full blossom, at 
seed formation, and at full seed maturity. Qualitative varia-
tion in EO composition of S. libanotica was also demons-
trated where the major components of the oil fluctuated 
from one season to another (Farhat et al. 2001). Other 
Lamiaceae members (Thymbra spicata var. spicata, Satu-
reja thymbra and Mentha pulegium) presented also the 
same differential pattern (Müller-Riebau et al. 1997). 

The observed quantitative and qualitative variations in 
EO of silver sage are likely due to morphologic differences 
which appear in course of the phenological cycle. In fact, 
according to the hypothesis of Kramer and Kozlowski 
(1979), the metabolites of photosynthesis are converted in 
course of the secondary metabolism into flowers and fruits 
following the ontogenesis which explain the increase in EO 
accumulation at flowering and fruiting phases. Luckner 
(1980) ascribed these EO variations to the biosynthesis or 
activation of particular enzymes during a specific stage of 
plant development. Such pattern could explain the higher 
EO yield obtained during silver sage flowering the period in 
which plants may produce substantial amounts of volatile 
compounds in order to attract more pollinators (Palá-Paúl et 
al. 2001). 

 
CONCLUSIONS 
 
In summary, our results indicate that silver sage is marked 
by a phenological regulation of its EO production. A remar-
kable rise of the EO accumulation has been observed during 
flowering indicating the optimum period of plant harvesting. 
This paper gives a better understanding of the dynamic of 
biosynthesis of these secondary metabolites in course of the 
plant development. 
 
REFERENCES 
 
Adams R (2001) Identification of Essential Oil Components by Gas Chroma-

tography/Quadrupole Mass Spectroscopy, Allured Publishing Corp., Carol 
Stream, IL, USA 

Amiri H (2007) Quantitative and qualitative changes of essential oil of Salvia 
bracteata Bank et Sol. in different growth stages. DARU Journal of Pharma-
ceutical Sciences 15 (2), 79-82 

Balinova-Tsvetkova A, Tsankova P (1992) On the extraction of Salvia sclarea 
L. Flavour and Fragrance Journal 7 (3), 151-154 

Baricevic D, Sosa C, Della Loggia R, Tubaro A, Simonovska B, Krasna A, 
Zupancic A (2001) Topical anti-inflamatory activity of Salvia officinalis L. 
leaves: The relevance of ursonic acid. Journal of Ethnopharmacology 75 (2-
3), 125-132 

Baytop T (1999) Türkiye’de bitkilerle tedavi (geçmi�te ve bugün). 2. Bask	, 
Nobel T	p Kitapevleri, Çapa-
stanbul, Konak-
zmir, S	hh	ye-Ankara, 144 pp 

Ben Taârit M, Msaada K, Hosni K, Ben Amor N, Marzouk B, Kchouk ME 
(2010a) Chemical composition of the essential oils obtained from the leaves, 
fruits and stems of Salvia verbenaca L. originating from the Northeast region 
of Tunisia. Journal of Essential Oil Research 22, 449-453 

Ben Taârit M, Msaada K, Hosni K, Chahed T, Marzouk B (2010b) Essential 
oil composition of Salvia verbenaca L. growing wild in Tunisia. Journal of 
Food Biochemistry 34, 142-151 

Ben Taârit M, Msaada K, Hosni K, Marzouk B (2010c) Chemical composi-
tion of fatty acids and essential oils of Salvia verbenaca seeds from Tunisia. 
Agrochimica LIV (3), 129-141 

Bruno M, Savona G, Hueso-Rodriguez JA, Pascual C, Rodríguez B (1987) 
Ursane and oleanane triterpenoids from Salvia argentea. Phytochemistry 26 
(2), 497-501 

Carrubba A, La Torre R, Piccaglia R, Marotti M (2002) Characterization of 
an Italian biotype of clary sage (Salvia sclarea L.) grown in a semi-arid 
Mediterranean environment. Flavour and Fragrance Journal 17 (3), 191-194 

Chang H-T, Cheng Y-H, Wu C-L, Chang S-T, Chang T-T, Su Y-C (2008) 

Antifungal activity of essential oil and its constituents from Calocedrus 
macrolepis var. formosana Florin leaf against plant pathogenic fungi. Bio-
resources and Technology 99, 6266-6270 

Chang S-T, Chena P-F, Wang S-Y, Wu H-H (2001a) Antimite activity of 
essential oils and their constituents from Taiwania cryptomerioides. Journal 
of Medical Entomology 38 (3), 455-457 

Chang S-T, Cheng S-S, Wang S-Y (2001b) Antitermitic activity of essential 
oils and components from Taiwania (Taiwania cryptomerioides). Journal of 
Chemical Ecology 27 (4), 717-724 

Demirci B, Hüsnü K, Ba�er C, Tümen G (2005) Composition of the essential 
oil of Salvia aramiensis Rech. fil. growing in Turkey. Flavour and Fragrance 
Journal 17, 23-25 

Dimas C, Demetzos C, Marsellos M, Sotiriadou R, Malamas M, Kokkino-
poulos D (1998) Cytotoxic activity of labdane type diterpenes against human 
leukemic cell lines in vitro. Planta Medica 64, 208-211 

Emea A (2004) Evaluation of Medicines for Human Use, The European Agency 
for the Evaluation of Medicinal Products, London, UK. Available online: 
http://www.emea.europa.eu/docs/en_GB/document_library/Other/2009/09/W
C500003715.pdf 

Farhat GN, Affara NI, Gali-Muhtasib H (2001) Seasonal changes in the com-
position of the essential oil extract of East Mediterranean sage (Salvia liba-
notica) and its toxicity in mice. Toxicon 39, 1601-1605 

Fraternale D, Giamperi L, Bucchini AEA, Ricci D, Epifano F, Genovese S, 
Curini M (2005) Composition and antifungal activity of essential oil of Sal-
via sclarea from Italy. Chemistry of Natural Compounds 5, 604-606 

Geschel GC, Maffei P, Moretti MDL, Peana AT, Dementis S (1998) In vitro 
permeation through porcine buccal mucosa of Salvia sclarea L. essential oil 
from topical formulations. STP Pharma Sciences 8, 103-106 

Gulçin I, Uguz MT, Oktay M, Beydemir S, Kufrevioglu OI (2004) Evalua-
tion of the antioxidant and antimicrobial activities of clary sage (Salvia scla-
rea L.). Turkish Journal of Agriculture and Forestry 28, 25-33 

Gün S�, Ç�nb�lgel I, Öz E, Çet�n H (2011) Larvicidal activity of some Salvia 
L. (Labiatae) plant extracts against the mosquito Culex pipiens L. (Diptera: 
Culicidae). Kafkas Üniversitesi Veteriner Fakültesi Dergisi 17 (A), S61-S65 

Hedge IC (1972) Salvia L. In: Tutin TG, Heywood VH, Burges NA, Valentine 
DH, Walters SM, Webb DA (Eds) Flora Europaea, Cambridge University 
Press, Cambridge, pp 188-192 

Holeman MA, Berrada M, Bellakhdar J, Ilidrissi A, Pinel R (1984) Etude 
chimique comparative des huiles essentielles de Salvia officinalis, S. aucheri, 
S. verbenaca, S. phlomïdes et S. argentea. Fitoterapia LV, 143-148 

Kastner G (1969) Dependence of yield amount and quality of thyme in 2 year 
cultivation on harvest time and cut level in the fall of the seeding year. 1]. 
Die Pharmazie 24, 226-235 

Kordali S, Cakir A, Mavi A, Kilic H, Yildirim A (2005) Screening of che-
mical composition and antifungal and antioxidant activities of the essential 
oils from three Turkish Artemisia. Journal of Agriculture and Food Chemis-
try 53, 1408-1416 

Kramer PJ, Kozlowski TT (1979) Physiology of Woody Plants, Academic 
Press, New York, 811 pp 

Lattoo SK, Dhar RS, Dhar AK, Sharma PR, Shri G, Agarwal SG (2006) 
Dynamics of essential oil biosynthesis in relation to inflorescence and glan-
dular ontogeny in Salvia sclarea. Flavour and Fragrance Journal 21, 817-
821 

Liu J-R, Sun X-R, Dong H-W, Sun C-H, Sun W-G, Chen B-Q, Song Y-Q, 
Yang B-F (2008) �-Ionone suppresses mammary carcinogenesis, prolifera-
tive activity and induces apoptosis in the mammary gland of the Sprague-
Dawley rat. International Journal of Cancer 122 (12), 2689-2698 

Lorenzo D, Paz D, Davies P, Villamil J, Vila R, Cañigueral S, Dellacassa E 
(2004) Characterization and enantiomeric distribution of some terpenes in the 
essential oil of a Uruguayan biotype of Salvia sclarea L. Flavour and Frag-
rance Journal 19, 303-307 

Lu Y, Foo LY (2001) Antioxidant activities of polyphenols from sage (Salvia 
officinalis). Food Chemistry 75, 197-202 

Luckner M (1980) Expression and control of secondary metabolism. In: Bell 
EA, Charlwood BV (Eds) Secondary Plant Products, Springer-Verlag, Hei-
delberg, pp 23-63 

Matsui K (2006) Green leaf volatiles: hydroperoxide lyase pathway of oxylipin 
metabolism. Currrent Opinion in Plant Biology 9, 274-280 

Michavila A, de la Terre MC, Rodríguez B (1986) 20-Nor-abietane and re-
arranged abietane diterpenoids from the root of Salvia argentea. Phytoche-
mistry 25 (8), 1935-1937 

Mimica-Duki� N, Boža P, Igi� R, Spasi�-Adjanski L, Štajner D (2002) Vola-
tile constituents of wild growing Salvia species in Province Vojvodina in Ser-
bia. Journal of Essential Oil-Bearing Plants 5, 19-29 

Mirjalili MH, Salehi P, Sonboli A, Vala MM (2006) Essential oil variation of 
Salvia officinalis aerial parts during its phenological cycle. Chemistry of 
Natural Compounds 42 (1), 19-23 

Mossi AJ, Cansian RL, Paroul N, Toniazzo G, Oliveira JV, Pierozan MK, 
Pauletti G, Rota L, Santos ACA, Serafini LA (2011) Morphological charac-
terisation and agronomical parameters of different species of Salvia sp. 
(Lamiaceae). Brazilian Journal of Biology 71 (1), 121-129 

Müller-Riebau FJ, Berger BM, Yegen O, Cakir C (1997) Seasonal variations 
in the chemical compositions of essential oils of selected aromatic plants 

43



Phenological variations of Tunisian S. argentea. Ben Taârit Rayouf et al. 

 

growing wild in Turkey. Journal of Agriculture and Food Chemistry 45, 
4821-4825 

Nakipo�lu M (1993) Baz	 adaçay	 (Salvia L.) türleri ve bu türlerin ekonomik 
önemi. Dokuz Eylül Üniversitesi Yay	nlar	, Egitim Fakültesi, Egitim Bilim-
leri Dergisi 6, 45-58 

Nikolova MT, Grayer RJ, Genova E, Porter EA (2006) Exudate flavonoids 
from Bulgarian species of Salvia. Biochemistry and Systematic Ecology 34, 
360-364 

Oliveira MJ, Campos IFP, Oliveira CBA, Santos MR, Souza PS, Seraphin 
JC, Feri PH (2005) Influence of growth phase on essential oil composition 
of Hyptis suaveolens. Biochemistry and Systematic Ecology 33, 275-285 

Özel MZ, Gö�üs F, Lewis AC (2006) Comparison of direct thermal desorption 
with water distillation and superheated water extraction for the analysis of 
volatile components of Rosa damascena Mill. using GCxGC-TOF/MS. Ana-
lytica Chimica Acta 566 (2), 172-177 

Ozguven M, Tansi S (1998) Drug yield and essential oil of Thymus vulgaris L. 
as influenced by ecological and ontogenetical variation. Turkish Journal of 
Agriculture and Forestry 22, 537-542 

Palá-Paúl J, Pérez-Alons, MJ, Velasco-Negueruela A, Palá-Paúl R, Sanz J, 
Conejero F (2001) Seasonal variation in chemical constituents of Santolina 
rosmarinifolia L. ssp. rosmarinifolia. Biochemistry and Systematic Ecology 
69, 663-672 

Peana AT, Moretti MDL, Juliano C (1999) Chemical composition and anti-
microbial action of the essential oils from Salvia desoleana and S. sclarea. 
Planta Medica 65, 752-754 

Peši� PŽ, Bankovi� VM (2003) Investigation on the essential oil of cultivated 
Salvia sclarea L. Flavour and Fragrance Journal 18, 228-230 

Piccaglia R, Marotti M, Dellacecca V (1997) Effect of planting density and 
harvest date on yield and chemical composition of sage oil. Journal of Essen-
tial Oil Research 9, 187-191 

Pieroni A, Quave CL, Santoro RF (2004) Folk pharmaceutical knowledge in 
the territory of the Dolomiti Lucane, inland southern Italy. Journal of Ethno-
pharmacology 95, 373-384 

Pitarevic I, Kuftinec J, Blazevic N, Kustrak D (1984) Seasonal variation of 
essential oil yield and composition of Dalmatian sage, Salvia officinalis. 

Journal of Natural Products 47 (3), 409-412 
Pottier-Alapetite G (Ed) (1979) Flore de la Tunisie, Première partie, Publica-

tions Sientifiques Tunisiennes, Tunis, Tunisia 
Rohloff J, Dragland S, Mordal R, Henning IT (2005) Effect of harvest time 

and drying method on biomass production, essential oil yield, and quality of 
peppermint (Mentha × piperita L.). Journal of Agricultural and Food Che-
mistry 53, 4143-4148 

Salah KBH, Mahjoub MA, Ammar S (2006) Antimicrobial and antioxidant 
activities of the methanolic extracts of three Salvia species from Tunisia. 
Natural Product Research 20, 1110-1120 

Sefidkon F, Abbasi K, Jamzad Z, Ahmadi S (2007) The effect of distillation 
methods and stage of plant growth on the essential oil content and composi-
tion of Satureja rechingeri Jamzad. Food Chemistry 100, 1054-1058 

Sefidkon F, Mirza M (1999) Chemical composition of the essential oils of two 
Salvia species from Iran, Salvia virgata Jacq. and Salvia syriaca L. Flavour 
and Fragrance Journal 14, 45-46 

Shafi PM, Rosamma MK, Jamil K, Reddy PS (2002) Antibacterial activity of 
the essential oil from Aristolochia indica. Fitoterapia 73 (4), 439-441 

Statsoft (1998) STATISTICA for Windows (Computer program electronic 
manual). StatSoft Inc. Tulsa, OK 

Tada M, Okuno K, Chiba K, Ohnishi E, Yoshii T (1994) Antiviral diterpenes 
from Salvia officinalis. Phytochemistry 35 (2), 539-541 

Tardío J, Pascual H, Morales R (2005) Wild food plants traditionally used in 
the province of Madrid. Economic Botany 59, 122-136 

Wei J, Kang L (2011) Roles of (Z)-3-hexenol in plant-insect interactions. Plant 
Signaling and Behavior 6 (3), 369-371 

Wright CW (2007) Medicinal and Aromatic Plants – Industrial Profiles, Arte-
misia. Taylor and Francis, London, 344 pp 

Zawislak G, Dyduch J (2006) Analysis of the content and chemical composi-
tion of essential oil in the leaves of sage (Salvia officinalis L.) cv. 'Bona' in 
the second year of cultivation. Journal of Essential Oil Research 18, 402-404 

Ziaei A, Ramezani M, Wright L, Paetz C, Schneider B, Amirghofran Z 
(2011) Identification of spathulenol in Salvia mirzayanii and the immuno-
modulatory effects. Phytotherapy Research 25 (4), 557-562 

 
 

44


