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a b s t r a c t

In this study, total contents of phenolic, flavanol and flavonol, antioxidant activities and antimicrobial
activities of the Turkish endemic Salvia pisidica Boiss. & Heldr. ex Bentham (Lamiaceae) extract and
essential oil were assessed in vitro. Total phenolic, flavanol and flavonol contents in the extract were
54.57 mg gallic acid equivalents (GAE)/g, 16.70 mg catechine equivalents (CE)/g and 18.19 mg rutin
equivalents (RE)/g, respectively. Antioxidant activities (IC50 value) of the extract and essential oil were
determined as 4.88 and 6.41 mg/mL by DPPH assay, respectively. 31 compounds were determined in the
essential oil using GC–MS and the major compounds (%) were camphor (23.76), sabinol (19.2), a-thujone
(14.2) and eucalyptol (1.8-cineole) (5.8).

The antimicrobial activity of the methanolic extract and the essential oil against 13 bacterial and two
yeast strains was determined. The extract (concentration 5 g/100 ml or 10 g/100 ml) was effective against
most of the strains tested, yet not against Bacillus cereus, Staphylococcus aureus, Aeromonas hydrophila
and the two yeast strains tested. The essential oil (2 g/100 ml) showed an antimicrobial effect against all
the gram (þ) bacteria tested, against Saccharomyces cerevisiae, but was not effective against all gram (�)
bacteria and Candida albicans. These results show that S.piscidica essential oil and extract could be
considered as a natural alternative to traditional food preservatives and be used to enhance food safety
and shelf life.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

The genus Salvia L. (Lamiaceae) had 86 species in Turkey (Hedge,
1982). Since the last revision of the genus, four new species have
been described from Turkey: Salvia nydeggeri Hub.-Mor. (Davis,
Mill, & Kit, 1988), Salvia aytachii Vural & Adiguzel (Vural & Adiguzel,
1996), Salvia hedgeana Donmez (Donmez, 2001), and Salvia ana-
tolica Hamzaoglu & A. Duran (Hamzaoglu, Duran, & Pinar, 2005).
Salvia pisidica Boiss.& Heldr. ex Bentham is a 14–35 cm perennial
suffruticose herb with violet-blue flowers. This plant prefers
Quercus coccifera macchie, dry limestone slopes and field sides,
from 950 to 1750 m above sea level. It is endemic to Anatolia, where
it grows in Burdur, Usak, Antalya and Afyon province only (Hedge,
1982)

Salvia species have been used in folk medicine for wound
healing and in alleviating stomach, liver, and rheumatism pains and

for treating the common cold in the form of infusion and decoction
in various parts of the world (Bayrak & Akgul, 1987; Sezik & Yesi-
lada, 1999). They and their essential oils are used in food flavoring,
pharmaceuticals, and in perfumery. Salvia species mainly contain
essential oil and phenolics (Baser, Kurkcuoglu, & Kirimer, 1998).
Some of the phenolic compounds of plants belonging to this genus
have also shown excellent antimicrobial activity, as well as scav-
enging activity of active oxygen, inhibiting lipid peroxidation and
antioxidant activity (Hohmann et al., 1999; Masaki, Sakaki, Atsumi,
& Sakurai, 1995; Pizzale, Bortolomeazzi, Vichi, Uberegga, & Conte,
2002).

Recently, the essential oils and various extracts of plants have
gained special interest as sources of natural antimicrobial and
antioxidant agents because of the resistance to antibiotics that
some microorganisms have acquired and the possible toxicities of
the synthetic antioxidants (Essawi & Srour, 2000; Madhavi & Sal-
unkhe, 1996). Spices consumed daily in different types of food to
improve flavours, since ancient times, are well known for their
antioxidant and antimicrobial properties (Madsen & Bertelsen,
1995; Sagdic, Karahan, Ozcan, & Ozkan, 2003). As far as our
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literature survey could ascertain, antimicrobial and antioxidant
activity of essential oil and extract of S. pisidica have not been
previously published.

Therefore the aim of this study was to determine total phenolics,
total flavonols, total flavanols, antioxidant and antimicrobial
activities, and chemical composition of S. pisidica extract and
essential oil, in an attempt to contribute to the use of these as
alternative ingredients in oxidative and microbial control for food
preservation.

2. Material and methods

2.1. Plant material

The flowering aerial parts of S. pisidica were collected in Turkey,
C3 Antalya, Korkuteli district, dry limestone slopes about 970 m
above sea level at the end of May 2005. A voucher specimen is
deposited at AKDU (Herbarium of the Biology Department of
Akdeniz University) as Unal 1563. Leaves from S. pisidica were air
dried at room temperature.

2.2. Isolation of essential oil

Two hundred grams of dried leaves were cut in small pieces, and
the essential oil was obtained by steam distillation in 3000 mL H2O
for 3 h by Clevenger apparatus. The oil was dried over anhydrous
sodium sulphate and, after filtration (Whatman No. 2, 4.25 cm
diameter), stored at �20 �C until tested and analyzed. Extraction
was carried out in duplicate and the results were averaged.

2.3. Preparation of the extract

Powdered herb material (7.5 g) was extracted in a Soxhlet
extractor with 100 mL mixture of methanol:acetone:water:acetic
acid (45:45:9:1) at 60 �C for 6 h. The extract was concentrated
using rotary evaporator (Rotavator, T< 40 �C) under vacuum and
then lyophilized (Virtis 2 K, T¼�60). The dried extract was stored
in a desiccator until use (Gokturk Baydar, Ozkan, & Sagdic, 2004).
Extraction was carried out in duplicate and the results were
averaged.

2.4. Analysis of volatile compounds

The composition of the volatile constituents was established by
GC–MS/Quadrupole detector analyses, using a Shimadzu QP 5050
system, fitted with an FFAP polar capillary column (50
m� 0.32 mm (i.d.), film thickness: 0.25 mm). Detector and injector
temperature were set at 230 �C. The temperature program for FFAP
column was 120 �C (1 min) to 230 �C at a rate of 6 �C/min and then
holding at 230 �C for 35 min. Helium was used as a carrier gas at
a flow rate of 14 psi (split 1:10 mL/min) and injection volume of
each sample was 1 ml. The ionization energy was set at 70 eV.
Qualitative analysis was based on the comparison of retention
times and the computer mass spectra libraries using Wiley GC/MS
Library and Nist, Tutore Libraries. The percentage composition was
computed from the GC peak areas.

2.5. Determination of total phenolics, total flavonols and total
flavanols

The concentration of phenolic compounds in the extract was
determined by the Folin-Ciocalteu method (Singleton & Rossi,
1965). The absorbance of the sample and standard were measured
at 765 nm and estimations were calculated from a calibration curve

obtained with gallic acid. Total phenolics were expressed as mg
gallic acid equivalent (GAE)/g extract.

Total flavonol was determined with Neu’s reagent solution by
the method of Dai, Andary, Mondolot-Cosson, and Boubals (1995).
The absorbance of the sample and standard were measured at
410 nm and the flavonols were expressed as mg rutin equivalent
(RE)/g extract.

Total flavanols were assayed by the vanillin method using cat-
echine as a standard (Butler, Price, & Brotherton, 1982). The
absorbance of the sample was measured at 500 nm and the content
of total flavanol in the extract was expressed as catechine equiva-
lents (CE)/g extract.

All determinations were carried out in triplicate and the results
were averaged.

2.6. Evaluation of antioxidant (antiradical) activity

Antioxidant activity was determined according to Lee et al.
(1998). Briefly, the essential oil and extracts (0, 10, 25, 50, 100, 250,
500, 750 and 1000 mg) in methanol (1 mL) was mixed with 2 mL of
methanolic solution containing 1,1-diphenyl-2- picrylhydrazyl
(DPPH, Sigma) in a concentration of 10 mg/l. The mixture was shaken
vigorously and left to stand for 30 min in the dark, and the absor-
bance was measured at 517 nm against a blank. The percent of DPPH
discoloration of the samples was calculated according to the formula:

Antioxidant activity ¼ 100�
ðabsorbance of blank

�absorbance of sampleÞ=
absorbance of blank

Extract concentration providing 50% inhibition (IC50) was
calculated from the plot of inhibition percentage against extract
concentration. All determinations were carried out in triplicate and
the results were averaged.

2.7. Determination of antimicrobial activity

Thirteen bacteria and two yeasts were used as test organisms:
Aeromonas hydrophila ATCC 7965, Bacillus brevis FMC3, Bacillus
cereus FMC 19, B. subtilis ATCC 6630, B. subtilis var. niger ATCC 10,
Escherichia coli ATCC 25922, Klebsiella pneumoniae FMC 5, Morga-
nella morganii, Mycobacterium smegmatis RUT, Proteus mirabilis BC
3624, Pseudomonas aeruginosa ATCC 27853, Staphylococcus aureus
ATCC 28213, Yersinia enterocolitica ATCC 1501, Candida albicans
ATCC 1223, Saccharomyces cerevisiae BC 5461.

These microorganisms were supplied by the department of Food
Engineering, Erciyes University, Kayseri, Turkey.

Bacterial strains and yeast species from stock cultures were
grown in 10 ml nutrient broth (Merck 5443, CDarmstadt, Germany)
or malt extract broth (Merck 5397, Darmstadt, Germany) cultures
for 24 h. Ten milliliters of broth cultures were prepared overnight in
nutrient or malt extract broths for 24 h. Test yeasts C. albicans and
S. cerevisiae, and Y. enterocolitica were grown in malt extract and
nutrient broths at 25 �C for 18 h, respectively. The other microor-
ganisms were grown in nutrient broth at 35 �C for 18 h. All test
microorganisms were enumerated in nutrient broth or malt extract
broth by serial dilution method. Their final cell concentrations were
106–107 cfu/mL. The agar diffusion method (Sagdic, 2003; Sagdic,
Aksoy, & Ozkan, 2006) was used to detect antimicrobial activity.
Each microorganism (250 mL) was added into a flask containing
25 mL sterile nutrient agar or malt extract agar at 45 �C and poured
into Petri dishes (9 cm diameter). Then the agar plates were
allowed to solidify at 4 �C for 1 h. Five equidistant holes were made
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in the agar using sterile cork borers (Ø¼ 4 mm). The extracts (50 mL)
were prepared at 1, 2.5, 5 and 10 g/100 mL concentrations in
absolute methanol and were applied to the holes using a pipettor
and absolute methanol without herb extract was used as a control.
Again, 50 mL of the essential oil at 0.2, 0.5, 1 and 2 g/100 mL
concentrations in dimethylsulfoxide (DMSO, Merck, Germany)
were filled to the holes using a pipettor and DMSO without the
essential oil was used as a control. Y. enterocolitica, C. albicans and
S. cerevisiae was incubated at 25 �C for 14–24 h. The other micro-
organisms were incubated at 35 �C for 18–24 h. Inhibition zones
which formed on the medium were measured in millimeters (mm).
All determinations were carried out in duplicate and the results
were averaged.

3. Results and discussion

3.1. Chemical composition of the essential oil

Yield of essential oil was found as 1.00� 0.04 mL/100 g dried
herb. About 31 compounds of the oil were determined. GC/MS
analyses revealed that the major compounds of the oil (%) were
camphor (23.8), sabinol (19.2), a-thujone (14.2) and eucalyptol
(1.8-cineole) (5.8) as listed in Table 1. Camphor as the main
constituent (21.7%) of S. pisidica essential oil was reported by
Demirci et al. (2005). It was also reported that camphor, sabinol,
sabinyl acetate, a and b thujone and 1,8-cineole were main
constituents of
S. pisidica essential oil (Sarer, 1989) and camphor, sabinol, a-thujone
and 1,8-cineole have also been found to be the major components
of several other Salvia species (Santos-Gomes & Fernandes-Ferreira,
2003; Sarer,1989). Sabinyl acetate could not be found in our sample.

This may be attributable that the amounts of the essential oil
differ by geographic region, collect time, altitude and climate.

3.2. Amount of total phenolics, total flavanols, total flavonols
and antioxidant activity

Yield, contents of total phenolic, flavanol and flavonol of extract
of S. pisidica are given in Table 2. Yield of extract was found as
13.97� 0.12 g/100 g dried herb. The mean amount of total phenolic
was 54.57� 2.02 mg GAE/g extract. Similar values have been
reported for other Salvia samples (Dorman, Hiltunen, & Tikkanen,
2003; Miliauskas, Venskutonis, & van Beek, 2004; Tepe, Daferera,
Sokmen, Sokmen, & Polissiou, 2005). Total flavanol and flavonol of
extract were 16.70�1.64 mg CE/g and 18.19� 0.36 mg RE/g,
respectively. Total flavonol were found as 0.6, 0.7, 0.9 and 0.5 mg
RE/g extract for Salvia officinalis, Salvia sclarea, Salvia glutinosa and
Salvia pratensis by Miliauskas et al. (2004). Ozkan, Kuleasan, Celik,
Gokturk, and Unal (2007) also reported that total flavanols and
flavonols of Teucrium montbretii subsp. pamphylicum were tested as
43.78 mg catechine equivalents (CE)/g and 0.48 mg rutin equiva-
lents (RE)/g extract, respectively.

Antioxidant activities tested by the DPPH model system. The
values for IC50 of the extract (Table 2) and essential oil were
calculated as 4.88� 1.56 and 6.41�1.28 mg/mL. Free radicals cause
auto-oxidation of unsaturated lipids in food (Kaur & Perkins, 1991)
and the antioxidant activity of the extracts could be attributed to
their hydrogen donating ability. There was no previous literature on
antioxidant activities of S. pisidica extract and essential oil.
However, similar antioxidant activity values of sage essential oil
were reported by Baratta, Dorman, Deans, Biondi, and Ruberto
(1998), Erdemoglu, Turan, Cakici, Sener, and Aydin (2006), and
Kamatou et al. (2007).

3.3. Antimicrobial activity

The antimicrobial activities of S. pisidica extract at a concentra-
tion of 1, 2.5, 5 and 10 g/100 mL methanol are shown in Table 3.
Absolute methanol (control) had no inhibitory effects on the fifteen
microorganisms tested. Antimicrobial activity of extract and
essential oil of S. pisidica varied related to the test organisms. The
extract of the S. pisidica at 5 and 10 g/100 mL concentrations in
methanol showed antibacterial activities against Gram (þ) bacteria
tested but not against B. cereus and S. aureus. Additionally, the
extract had antibacterial activities against Gram (�) bacteria tested
but not against A. hydrophila and P. mirabilis. Also, the extract was
inactive against C. albicans and S. cerevisiae at all concentrations.
M. smegmatis, P. aeruginosa and B. subtilis var. niger was the most
sensitive microorganism to the extract concentrations examined.

Antimicrobial activity of the essential oil of S. pisidica at 0.2, 0.5,
1.0 and 2.0 g/100 mL in DMSO concentrations was examined
against fifteen microorganisms containing thirteen bacteria and
two yeasts (Table 3). 2.0 g/100 mL concentration of the essential oil
had antimicrobial effects against Gram (þ) bacteria tested and

Table 1
Chemical composition of the essential oil of S. pisidica.

Essential oil compounds RTb %

1 a-Pinenea 8.9370 1.2c

2 Camphene 10.739 0.5
3 b-Pinene 12.595 1.3
4 Limonen 17.273 0.2
5 Eucalyptol (1,8-cineole) 17.825 5.8
6 p-Cymene 21.607 1.2
7 3-Octyl acetate 25.177 0.4
8 3-Octanol 28.639 0.5
9 Linalyl oxide 32.380 1.5
10 a- Thujene 32.893 14.2
11 Camphor 38.038 23.8
12 Linalool 38.785 0.5
13 Pinacarvone 41.371 0.6
14 Bornyl acetate 41.755 1.1
15 Norinone 42.125 1.4
16 Terpineol 42.938 0.5
17 Sabinene ketone 45.391 0.6
18 Sabinol 45.957 19.2
19 Pinocarveol 46.370 1.5
20 Verbenol 47.598 1.0
21 Cryptone 47.856 4.4
22 Linalyl propionate 48.967 0.4
23 Borneol 49.118 1.5
24 Verbenone 50.062 0.3
25 Cuminol 54.448 3.4
26 p-Cymene-8-ol 57.625 0.3
27 Caryophyllene oxide 66.162 0.5
28 2,3-Dehydro-4-oxo-beta-ionol 71.177 2.3
29 Thymol 75.453 3.9
30 Carvacrol 77.014 2.4
31 b-Eudesmol 78.439 0.3

a Compounds listed in order of elution from a FFAP MS column.
b Retention time (as minutes).
c The percentage composition was computed from the GC peak areas.

Table 2
Yield, contents of total phenolic, flavanol, flavonol and antioxidant activity of extract
from dried leaves of S. pisidica.

Bioactive profile of the extract Amounts

Yield 13.97� 0.12 g/100 g herb
Total phenolic 54.57� 2.02 mg GAE/g extract
Total flavanol 16.70� 1.64 mg CE/g extract
Total flavonol 18.19� 0.36 mg RE/g extract
Antioxidant activity 4.88� 1.56 IC50¼mg/ml

GAE: Gallic acid equivalent, CE: Catechine, RE: Rutin equivalent.
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S. cerevisiae but not against all Gram (�) bacteria tested as well as
C. albicans. Essential oils at a concentration of 0.2 or 0.5 g/100 mL
were inactive. The essential oil concentration of 1 g/100 mL was
only active against B. subtilis var. niger. B. subtilis var. niger was the
most sensitive microorganism to the 2.0 g/100 mL essential oil
concentration. Grams (þ) bacteria are more sensitive to S. pisidica
essential oil than Gram (�) bacteria tested.

Several studies have been conducted for antimicrobial activities
of essential oils and extracts from different Salvia species (Delam-
are, Moschen-Pistorello, Artico, Atti-Serafini, & Echeverrigaray,
2007; Haznedaroglu, Karabay, & Zeybek, 2001; Tepe et al. 2005).
The result of this study concerning the antimicrobial activities of
S. pisidica extract and essential oil was first. Our study supports the
observations of some other researchers. The essential oil of S. offi-
cinalis and S. triloba exhibited remarkable bacteriostatic and
bactericidal activities against B. cereus, B. megaterium, B. subtilis,
A. hydrophila, A. sobria, and Klebsiella oxytoca. Also the essential oil
of both species at a concentration 0.05 mg/100 mL methanol
inhibited the growth of S. aureus. The growth of S. aureus and
A. hydrophila drastically reduced (Delamare et al., 2007). On the
contrary to our findings, Haznedaroglu et al. (2001) reported
that the essential oil of S. tomentosa remarkably inhibited the
growth of tested Gram (�) bacteria except for P. aeruginosa. This
may be due to chemical composition of different species. Tepe
et al. (2005) showed that the essential oil of S. tomentosa
possessed strong antimicrobial activity while other non-polar
extracts and subfractions showed moderate activities against
S. aureus, Streptococcus pneumoniae, Moraxella catarrhalis,
B. cereus, Acinetobacter lwoffii, Clostridium perfringens, M. smeg-
matis and C. albicans while polar extracts remained almost
inactive against microorganisms tested. Methanolic extracts of
S. cryptantha and S. multicaulis had also antimicrobial potential
(Tepe et al., 2004). The acetone extract of S. jaminiana, containing
the sterols campestanol, stigmasterol and sitosterol, and five
known diterpenoids, ferruginol, cryptanol, 6,7-dehydroroyleanon,
6-hydroxysalvinolone and microstegiol, remarkably inhibited the
growth of B. subtilis, S. aureus ATCC 25923 and Streptococcus
a-hemolitic (Kabouche et al., 2005). Kamatou, Viljoen, van
Vuuren, and van Zyl (2006) reported that the extract of
S. chamelaeagnea showed good antibacterial activity against the
four pathogens containing B. cereus, S. aureus, E. coli and

K. pneumoniae. Also Kamatou et al. (2007) reported that S. albicaulis
and S. dolomitica essential oil showed poor activityagainst E. coli while
moderate activity was shown against the other pathogens. It was
shown that the essential oil of S. officinalis had antifungal activities
(Santos-Gomes & Fernandes-Ferreira, 2003). Kuzma, Rozalski,
Walencka, Rozalska, and Wysokinska (2007) determined that the
crude dichloromethane fractions from acetone extracts of S. sclarea
roots as well as four pure abietane diterpenoids isolated from the
hairy root cultures had antimicrobial activity against tested Gram (þ)
bacteria.

4. Conclusions

In conclusion, various high concentration of the extract and
essential oil of S. pisidica had antioxidant activities and antimicro-
bial effects. Therefore, it is suggested that further work be per-
formed on the isolation and identification of the antioxidative and
antimicrobial components of the extract and essential oil of
S. pisidica. These results showed that S. pisidica essential oil and
extract could be considered as a natural alternative to traditional
food preservatives and be used to enhance food safety and shelf life.
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