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Antioxidant and antimicrobial activity
of Satureja montana L. extracts
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Abstract

BACKGROUND: This study aimed to evaluate the antioxidant and antimicrobial activity of extracts (aqueous, ethanolic and
essential oil) from Satureja montana and to characterise the chemical composition of its essential oil.

RESULTS: Satureja montana L. essential oil had relatively high antimicrobial activities against the seven species of bacteria
tested. In contrast, aqueous extracts did not reveal antibacterial activity, and the ethanol extract was not effective against
Salmonella typhimurium. The major volatile constituents of the essential oil were carvacrol (306 g L−1), thymol (141 g L−1), and
carvacrol methyl ether (63 g L−1). The strongest antioxidant capacity was obtained with the hot water extracts of S. montana,
whereas the plant essential oil revealed the highest phenolic content.

CONCLUSION: The findings indicate that the bioactive extracts of S. montana have strong potential for use as natural
antimicrobials and antioxidants in the preservation of processed food.
c© 2011 Society of Chemical Industry
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INTRODUCTION
Numerous reports have been published on the antioxidant and
antimicrobial activity of bioactive plant extracts, strongly inspired
by an increasing consumer interest in ‘natural’ food additives
(e.g. preservatives, antioxidants, colours and flavours), as an
alternative to the use of synthetic products. The consumption
of processed food containing bioactive volatile plant extracts
(essential oils, EOs), commonly found in leaves, flowers or buds,
bulbs, seeds, rhizomes and fruits, is expected to prevent the risk
of many diseases, such as certain cancers, and the ageing process
associated with the presence of free radicals.1

The principal molecules found in EOs with strong antibacterial
activity are phenols (e.g. carvacrol, thymol and eugenol), alcohols
(e.g. geraniol, linalool and menthol), aldehydes (e.g. neral, geranials
and cuminal), ketones (e.g. carvone, menthone, piperitone), ethers
(e.g. oestragole and anethole), and phthalids (e.g. celery seeds).2

Generally, the antibacterial activity increases with the presence of
hydroxyl groups in the structure of the molecule.3 Most research
on the antibacterial and antifungal action of plant EOs and extracts
for controlling the growth of food-borne pathogenic and spoilage
bacteria and fungi, evaluates a wide range of organisms commonly
detected in a particular food product, as well as effects on the food
organoleptic properties.4

The antioxidant activity of non-volatile plant extracts has been
attributed to the presence of phenolic compounds (PCs), namely
phenolic acids, catechins and flavonoids.5 The antioxidant effect of
PCs is mainly due to their redox properties through various possible
mechanisms: free-radical scavenging activity, transition-metal-
chelating activity, and/or singlet-oxygen-quenching capacity.6

PCs are also known to play an important role in stabilising lipid

peroxidation and in inhibiting a variety of oxidising enzymes.7

These multiple mechanisms of antioxidant action make the diverse
group of PCs an interesting target in the search for phytochemicals
that are of benefit to health and offer a possibility of extending
the shelf life of lipid-rich foods.

The genus Satureja montana L. belongs to the Lamiaceae
family, and comprises 30 species, whose centre of distribution
is located in the eastern part of the Mediterranean area. These
are annual or perennial semi-bushy aromatic plants that inhabit
arid, sunny, stony and rocky regions.8 In Portugal, S. montana L. is
spontaneous in the north-east region and Madeira islands.8 EOs of
the genus Satureja are known to have several biological properties,
such as antimicrobial, anticholinesterase, fungicidal and anti-HIV-1
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action.3,9 – 13 As far as S. montana L. is concerned, several studies
have addressed the optimisation of extraction methods of the EOs
and non-volatile extracts, as well as the chemical composition of its
essential oil.14 – 17 Yet, few studies have addressed the antioxidant
and antimicrobial potential of S. montana L. EOs and non-volatile
extracts.9,18,19 In this context, this study aimed to determine the
antimicrobial and antioxidant activities of volatile and non-volatile
extracts of S. montana of Portuguese origin.

EXPERIMENTAL
Chemicals and reagents
Methanol p.a, hydrochloric acid (370 g L−1), iron(II) sulfate hep-
tahydrate, iron(III) chloride hexahydrate, sodium acetate trihy-
drate, tryptic soy agar (TSA) and plate count agar (PCA) were
purchased from Merck (Darmstadt, Germany). Folin–Ciocalteu
reagent, α,α-diphenyl-β-picrylhydrazyl (DPPH), potassium hexa-
cyanoferrate(III), gallic acid (990 g L−1) and dimethyl sulfoxide
(DMSO) (999 g L−1) were purchased from Sigma (Sternheim, Ger-
many). Sodium carbonate anhydrous was obtained from BDH
(Poole, UK), while 2,4,6-tris(2-pyridyl)-S-triazine (TPTZ, 990 g L−1)
and ferric chloride was acquired from Fluka (Buchs, Germany), and
anhydrous sodium sulfate from Panreac (Barcelona, Spain). Brain
heart infusion broth (BHI) was obtained from Oxoid (Basingstoke,
UK). All other unlabelled chemicals and reagents were of analytical
grade.

Plant material
The aerial part of Satureja montana L. (lot number 10SEG.177.07.02)
was obtained from a local producer Américo Duarte Paixão Lda in
Alcanede, close to Lisbon, Portugal (39◦ 21′37.44′′ N, 8◦ 45′41.04′′

W) during autumn. Voucher specimens were deposited in the
Herbarium of the Portuguese National Institute of Biological
Resources, I.P.

Preparation of bioactive extracts
Briefly, non-volatile extracts (ethanol and water) were obtained
by maceration of dried material (150 g) in an Erlenmeyer flask
with 1000 mL ethanol (purity grade 990 g L−1) or with 1000 mL
deionised water, stirring for 72 h at room temperature (20 ◦C). In
addition, 150 g of dried material was also refluxed with 1000 mL
of deionised boiling water using a continuous hot extraction
method in a Soxhlet apparatus were (30 min, about 100 ◦C). Plant
material was pressed and the resultant liquids were filtered under
vacuum through a Buckner funnel (90 mm diameter) with filter
paper Whatman n◦ 1 (Whatman, Maidstone, UK). The volatile
extract (EO) of S. montana L. was obtained by hydro-distillation
using a modified Clevenger apparatus in a ratio of 100 g of dry
plant material to 700 mL of deionised water. The essential oil
was obtained after 3 h distillation, dried over anhydrous sodium
sulfate, filtrated and stored at 4 ◦C until further analysis. The
ethanol extract was poured into a round-bottomed flask and
brought to dryness in a rotary evaporator (40 ◦C; and at about 178
mbar). Finally, bioactive extracts were freeze dried at −50 ◦C and
stored at −20 ◦C. The ethanol extract, water extracts, and essential
oil were redissolved in ethanol, water or DMSO, respectively, prior
to use in individual assays.

Gas chromatography–mass spectrometry conditions
Gas chromatography–mass spectrometry (GC-MS) analysis of the
EO volatile compounds was carried out on an Agilent 6890 gas

chromatograph interfaced to an Agilent 5973 N mass selective
detector (Agilent Technologies, Palo Alto, CA, USA). A vaporisation
injector operating in the splitless mode (2 min) at 250 ◦C was
used, into which a fused silica capillary column, 30 m length ×
0.32 mm internal diameter × 0.25 µm film thickness (HP-5 MS;
50 g kg−1 diphenyl 950 g kg−1 dimethyl polydimethylsiloxane
(Agilent Technologies) was installed. The oven temperature was
programmed to start at 45 ◦C, maintained for 1 min, followed by
a gradual increase at 5 ◦C min−1 to 250 ◦C, and maintained at this
temperature for 5 min (47 min running time). Helium was used as
carrier gas at 30 cm s−1 and the injection volume was 1 µL. The
transfer line, ion source and quadrupole analyser temperatures
were maintained at 280 ◦C, 230 ◦C and 150 ◦C, respectively, and
a turbo molecular pump (10−5 Torr) was used. In the full-scan
mode, electron ionisation mass spectra in the range 40–400 Da
were recorded at 70 eV. A solvent delay of 3 min was selected.
The acquisition data and instrument control were performed
by the MSD ChemStation software (G1701CA; version C.00.00;
Agilent Technologies). The tentative identity of each compound
was assigned by comparison of their retention index (RI), with
a standard mixture of n-alkanes,20 as well as by comparison
with the mass spectra characteristic features obtained from
Wiley’s library spectral data bank (G1035B; Rev D.02.00; Agilent
Technologies). For semi-quantification purposes the normalised
peak area abundances without correction factors were used.

Antimicrobial activity
Microbial strains
The microorganisms used for the evaluation of the antimicrobial
activity tests included food spoilage and pathogenic bacteria
from the American Type Culture Collection (ATCC) or the Spanish
Type Culture Collection (CECT): Brochothrix thermosphacta (CECT
847), Escherichia coli (ATCC 25 922), Listeria innocua ECT 910),
L. monocytogenes (CECT 5873), Pseudomonas putida (CECT 7005),
Salmonellatyphimurium (ATCC 14 028) and Shewanellaputrefaciens
(CECT 5346). These bacteria were chosen because they are
common food-borne pathogenic and spoilage bacteria detected
in seafood products.

Antibacterial activity
Bacterial strains stored at −80 ◦C in 200 mL L−1 glycerol were
inoculated in tryptic soy agar (TSA) and cultured overnight at
30 ◦C, except L. monocytogenes which was inoculated in plate
count agar (PCA). Subsequently, one colony from these cultures
were inoculated on brain heart infusion broth (BHI) and incubated
at 30 ◦C for 18–24 h with shaking in order to obtain freshly cultured
microbial suspensions (108 –109 cells mL−1) before tests. The
antibacterial activity of S. montana extracts and essential oil was
determined using the paper disc diffusion method.21 The microbial
suspensions were adjusted to 1 × 107 CFU mL−1 (equivalent to
0.5 McFarland) and spread in TSA or PCA (10–15 mL per 90 mm
diameter Petri dish) using a sterile cotton swab. Subsequently,
filter paper discs (6 mm diameter; Whatman No. 1) were placed at
the surface of the agar medium and impregnated with 20 µL of
the plant extract/oil at different concentrations. Essential oils were
diluted in dimethylsulfoxide (DMSO), while ethanol and aqueous
extracts were diluted in ethanol and water, respectively. Negative
controls were prepared using the same solvents employed to
dissolve plant extracts. After being kept at 4 ◦C for 2 h, Petri
dishes were incubated at 30 ◦C for 24 h, except L. monocytogenes
which was incubated for 48 h. Antimicrobial activity was evaluated
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by measuring the radius of the inhibition zones, to the nearest
millimetre, and the minimum inhibitory concentration (MIC) was
defined as the lowest concentration that inhibited the growth of
bacteria. All experiments were conducted in triplicate.

Antioxidant capacity
Radical scavenging capacity assay
The scavenging effect of the DPPH free radical was assessed
spectrophotometrically by the modified method of Kondo et al.22

A volume of 0.1 mL of each plant extract and its essential oil was
added at different concentrations to 2 mL of 0.07 mmol L−1 DPPH
in 950 g L−1 ethanol, and the mixture was shaken and stayed for
60 min at room temperature in the dark. Absorbance of samples
was measured at 517 nm, using a UV–visible spectrophotometer
(double-beam; Hitachi U-2010, Cincinatti, Illinois, USA). The
percentage inhibition was calculated using Equation 1 and the
concentration that caused 50% inhibition (IC50) was estimated
from a plot of percentage inhibition versus concentration of
extract. Absorption of a blank sample containing the same amount
of ethanol and DPPH solution acted as negative control. All
determinations were performed in triplicate:

percentage inhibition = (Abscontrol − Abssample) × 100/Abscontrol

(1)

Ferric ion reducing antioxidant power assay
Ferric ion reducing antioxidant power (FRAP) measures the
formation of a blue-coloured Fe2+-tripyridyltriazine compound
from the colourless oxidised Fe3+ form by the action of electron-
donating antioxidants.23 The FRAP assay was carried out using a
modified methodology of Deighton et al.24 Briefly, FRAP reagent
was prepared with 1 mmol L−1 TPTZ and 2 mmol L−1 ferric
chloride in 0.25 mol L−1 sodium acetate (pH 3.6). Diluted non-
volatile extracts or its EO (either in water or in 500 g L−1 ethanol;
200 µL) were mixed with 1.8 mL FRAP reagent, allowed to stand
for 4 min at room temperature (20 ◦C), and the absorbance of
the blue complex was monitored at 593 nm and determined
against a water blank, using a UV–visible spectrophotometer
(double-beam; Hitachi U-2010). A standard curve was prepared
using different concentrations of iron sulfate (linearity range
0.13–3.50 µmol L−1; r2 = 0.995, s = 0.021). FRAP values are
presented as µmol Fe2+ g−1 of sample (ferric reducing power). All
determinations were performed in triplicate.

Total phenolic content by Folin–Ciocalteu reagent
Total phenolic content in non-volatile (aqueous and ethanol) and
volatile (EO) extracts was estimated using the Folin–Ciocalteu
colorimetric method described by Slinkard and Singleton25 and
modified by Asami et al.,26 using gallic acid as the standard
phenolic compound. Briefly, 1–3 mL of diluted samples (EOs
were diluted in 500 g L−1 ethanol, while ethanol and aqueous
extracts were diluted in water to fit the standard curve), were
added to 10 mL volumetric flasks containing distilled water and
Folin–Ciocalteu phenol reagent (0.5 mL) and shaken. After 5 min,
1.5 mL of a 200 g L−1 sodium carbonate solution was added and
the volume adjusted to 10 mL with distilled water, mixed and
allowed to stand for 2 h. A blank reagent using distilled water
was prepared. The absorbance was measured at 750 nm using
a UV–visible spectrophotometer (double-beam; Hitachi U-2010,
USA). The concentrations of total phenolic compounds in the
various extracts were determined as grams per liter of gallic acid

equivalents (GAE). The linearity range for this assay was determined
as 6.3 × 10−4 − 1.3 × 10−2 g L−1 GAE (r2 = 0.998, σ = 0.019), and
an absorbance range of 0.08–1.13 AU. All determinations were
performed four times.

Statistical analysis
Results were expressed as means of standard deviation (SD) of
three measurements. Statistical analysis using Statistical Analysis
System (SAS Institute, Cary, NC, USA), was performed using analysis
of variance (ANOVA) and P < 0.05 was considered to be significant.
Correlations among data were calculated using the MS Excel
software correlation coefficient statistical option.

RESULTS AND DISCUSSION
Chemical composition of the essential oil
GC-MS analysis of the EO obtained from dried aerial parts of
S. montana resulted in the identification of 67 compounds
(Table 1), representing 95.3% of the EO. The most abundant
compounds were carvacrol (306 g L−1), thymol (141 g L−1), and
carvacrol methyl ether (63 g L−1), representing 51% of all volatile
compounds. High levels of 1-methyl-3-(1-methylethyl)-benzene
were also detected (103 g L−1). The synthesis of this compound
tends to occur in stressed plants, although the biochemical
pathway for such production is still unknown.27 Furthermore,
the main components of the oil monoterpene hydrocarbons
were γ -terpinene (34 g L−1), α-terpinene (6 g L−1) and β-myrcene
(2 g L−1), whereas the main representatives of oil sesquiterpene
hydrocarbons were trans-caryophyllene (28 g L−1), β-bisabolene
(10 g L−1), iedene (6 g L−1), aromadendrene (1 g L−1) and δ-
cadinene (4 g L−1).

Generally, S. montana EO has significant variability in the
chemical composition according to climate, soil composition,
plant organ, age and vegetative cycle stage.3,28,29 Generally, the
variability in the composition of S. montana leads to the definition
of two chemotypes, namely A and B, depending on the prevalence
of phenolic compounds (thymol and carvacrol) or terpenic alcohols
(linalool, ρ-cymene and α-terpineol), respectively.19 The high
percentages of carvacrol and thymol (447 g L−1 in total) in this
study clearly indicate that the plant belongs to chemotype A,
similar to the plant studied by Cavar et al.3 (Table 2). In contrast,
other studies used S. Montana belonging to chemotype B due to
the high levels of terpenic alcohols in the EO.19,30

Antimicrobial activity
The MIC of S. montana bioactive extracts was evaluated for
three Gram-positive bacteria (B. thermosphacta, L. innocua and L.
monocytogenes) and four Gram-negative bacteria (E. coli, P. putida,
S. typhimurium and S. putrefaciens). The results showed that the
EOs inhibited the growth of all bacteria tested (B. thermosphacta,
L. innocua, L. monocytogenes and P. putida were particularly
susceptible to the EOs, MIC values 0.80–2.10 µg mL−1) (Table 3).
The EO MIC obtained with E. coli was higher than for S. subiscata31.
In contrast, lower EO MIC values were found in our study
than those reported by Skocibusic et al.31 for L. monocytogenes
(MIC value 1.56 µg mL−1) and Salmonella thyphimurium (MIC
value 6.25 µg mL−1). Several studies reported that the EOs of
the genus Satureja are known to possess antibacterial and
fungicidal properties, such as S. montana, S. hortensis, S. parnassica
and S. thymbra, likely due to the presence of high levels of
carvacrol, carvacrol methyl ether, thymol and γ -terpinene.29 These
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Table 1. Chemical composition of Satureja montana L. essential oil

Component RIa %b

α-Thujene 853 t

α-Pinene 861 0.1

Camphene 877 0.1

Sabinene 909 t

β-Pinene 912 0.2

1-Octen-3-ol 921 0.7

β-Myrcene 929 0.2

3-Octanol 935 t

α-Phellandrene 945 t

�3 - Carene 952 t

α-Terpinene 961 0.6

Limonene 975 0.3

1-Methyl-3-(1-methylethyl)-benzene 982 10.3

Eucalyptol 988 0.8

cis-Ocimene 990 0.1

trans-Ocimene 1002 0.1

γ -Terpinene 1016 3.4

cis-Sabinenehydrate 1027

α-Terpinolene 1053 0.3

Linalool 1076 1.3

β-Thujone 1089 0.1

trans-1-Methyl-4-(1-methylethyl)-2-cyclohexen-1-ol 1097 0.1

1-Terpineol 1118 0.2

Camphor 1126 0.3

Menthone 1138 t

Borneol 1154 4.1

δ-Terpineol 1171 3.1

p-Cymen-8-ol 1178 0.3

α-Terpineol 1189 0.6

cis-Dihydrocarvone 1193 0.2

cis-Piperitol 1207 t

trans-Carveol 1223 t

Thymyl methyl ether 1241 0.5

2-Methyl-3-phenyl-propanal 1248 4.4

Carvacrol methyl ether 1253 6.3

p-Mentha-6,8-dien-2-one 1258 0.1

Geraniol 1271 0.2

p-Allylanisole 1306 0.2

3-Caren-10-al 1311 0.8

Thymol 1316 14.1

Carvacrol 1330 30.6

Thymol acetate 1388 0.1

Carvacryl acetate 1410 0.1

α-Cubebene 1416 0.1

β-Bourbonene 1426 0.2

Methyleugenol 1452 t

α-Gurjunene 1455 0.1

trans-Caryophyllene 1467 2.8

β-Cubebene 1477 0.1

neo-Allo-ocimene 1488 0.5

α-Humulene 1506 0.1

Aromadendrene 1514 0.1

α-Amorphene 1531 0.3

Germacrene D 1537 0.1

β-Selinene 1543 0.1

Ledene 1552 0.6

β-Bisabolene 1565 1.0

δ-Cadinene 1583 0.4

Table 1. (Continued)

Component RIa %b

α-Cadinene 1598 t

4-Allyloxyimino-2-carene 1642 1.3

Caryophyllene oxide 1649 1.8

Viridiflorol 1658 0.1

β-Guaiene 1699 0.1

γ -Cadinene 1709 0.2

α-Cadinol 1723 0.1

1.6-Dimethyl-4-(1-methylethyl)-naphthalene 1742 0.1

Hexadecanoic acid 2005 0.2

Total identified 95.3

a Retention index.
b Normalised peak areas abundances without correction factors.
t, traces (<0.05%).

Table 2. Main chemical components of Satureja montana L. essential
oil, as well as from previous reports

Component
Bosnia &

Herzegovinaa,30 Italy19 Croatia3
Portugal

(this study)

Carvacrol 38.1–68.6 370 106–233 306

Thymol 308.8–460.2 – 38–317 141

Geraniol 41.5–64.3 – 223–1 2

Borneol – – 29–48 41

Linalool 3.7–31.5 T 1–11 13

ρ-Cymene 71.0–134.8 414 – –

α-Terpineol – 20 15–19 6

a Results are given in g L−1, and are the minimum and maximum values.
t, traces (<0.5 g L−1.

compounds have been shown to possess strong antibacterial
activity.32,33 Nonetheless, the minor volatile compounds in the
EOs can be critical for increasing or decreasing the antimicrobial
activity of an EO.31 Most studies on the mechanism of EO
phenolic compounds (PCs) focused on their effects on cellular
membranes, altering their function and, in some instances, their
structure, causing swelling and increasing their permeability.34

Carvacrol and thymol appear to make the bacterial cell membrane
permeable and act differently against Gram-positive and Gram-
negative bacteria.34

The S. montana EOs generally exhibit stronger antimicrobial
activities against Gram-positive bacteria, particularly B. subtilis,
but Gram-negative are also susceptible to these EOs (e.g.
P. aeruginosa).3 Furthermore, this study also shows that S.
montana aqueous extracts did not reveal antibacterial activity,
whereas the ethanol extract was more effective in inhibiting the
growth of Gram-negative bacteria, where P. putida was more
susceptible (MIC value 0.04 mg mL−1) and S. typhimurium (MIC
value 30.30 mg mL−1) was the most resistant. To our knowledge,
no reports are available concerning the chemical composition and
the antimicrobial activity of non-volatile extracts of S. montana.
Since the antimicrobial compounds of S. montana EOs are mostly
phenols and terpenes, it seems reasonable to consider that the
antimicrobial activity observed in the non-volatile ethanol extract
could be attributed to the presence of PCs in non-volatile extracts.

J Sci Food Agric 2011; 91: 1554–1560 c© 2011 Society of Chemical Industry wileyonlinelibrary.com/jsfa
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Table 3. Minimum inhibitory concentration of Satureja extracts and essential oil against pathogenic and spoilage bacteria commonly found in food
products, as well as from a previous study

Skocibusic et al.31 This study

Bacterial strain
Essential oila

(µg mL−1)
Essential oilb

(µg mL−1)
Ethanolb extract

(mg mL−1)
Hot aqueous

extractb
Cold aqueous

extractb

Brochothrix thermosphacta – 0.80 3.80 No No

Escherichia coli 0.78 2.10 15.10 No No

Listeria innocua – 1.10 3.00 No No

Listeria monocytogenes 1.56 1.10 3.00 No No

Pseudomonas putida – 1.10 0.04 No No

Salmonella typhimurium 6.25 2.10 30.30 No No

Shewanella putrefaciens – 2.10 3.00 No No

a S. subispicata;
b S. montana.

Table 4. Radical scavenging capacity (DPPH), ferric ion reducing antioxidant power (FRAP) and total phenols content (PC) of Satureja extracts and
essential oil, as well as from previous studies

Güllüce et al.32 a,1 Cavar et al.3b This study

Type of
extract

IC50 DPPH
(µg mL−1)

IC50 DPPH
(µg mL−1)

IC50 DPPHb,2

(µg mL−1)
FRAPb,2

(µmol Fe2+ g−1)
PCb,2

(mg GAE g−1)

Cold – – 27.92 ± 3.57 221.74 ± 25.28 164.21 ± 1.44

Hot – – 9.75 ± 0.14 271.88 ± 5.56 187.52 ± 1.98

Ethanolic 30.89 ± 0.80 – 108.79 ± 0.30 93.60 ± 1.23 111.18 ± 1.59

EO 350.00 ± 5.00 5490 ± 260; 508.45 ± 5.80 387.90 ± 11.41 220.95 ± 2.12

18900 ± 190

BHT 19.80 ± 0.50 – – – –

a S. hortensis
b S. montana.
Reaction of DPPH in 1 methanolic or 2 ethanolic solution.
– , not determined.

BHT, butylated hydroxytoluene.

Antioxidant activity
The antioxidant properties of S. montana bioactive extracts were
evaluated by DPPH radical scavenging. The results show that
the IC50 values ranged from 9.8 to 508.5 µg mL−1 (Table 4). The
EO showed the lowest antioxidant capacity (508.5 µg mL−1 of
DPPH inhibition), followed by the ethanol extract (108.8 µg mL−1),
the cold water extract (27.9 µg mL−1) and the hot water extract
(9.7 µg mL−1). The IC50 of S. montana EO found in this study is
higher than in Güllüce et al.32 for S. hortensis EO and ethanolic
extract (Table 4). In contrast, Cavar et al.3 reported a higher
IC50 for S. montana EO (Table 4), likely due to the high levels
of sequiterpenes, which are known to exhibit poor antioxidant
activity.32,35 The difference in antioxidant activity between the
water and ethanol extracts might be related to the high content
of phenolics acids, such as rosmarinic acid and derivatives in
S. montana, which possess a strong ability to scavenge radicals
due to their phenolic hydroxyl groups.32,35

Results of the FRAP assay and PCs for bioactive plant extracts
are presented in Table 4. The trend for the ferric ion reducing
activities of S. montana showed a different pattern to the
DPPH scavenging activities, but a similar pattern to PCs. The
values for FRAP and PCs were higher in EO, followed by hot
aqueous, cold aqueous and ethanol extracts. As reported by
Apak et al.,36 antioxidants detected by the FRAP assay are limited

to hydrosoluble molecules in water extracts (e.g. flavonoids,
flavonoids glucosides, phenolic acids and hydrolysable tannins)
compared to the presence of condensed tannins and triterpenes
in ethanol extracts. Also, Frankel et al.37 observed that the molar
response of the Folin–Ciocalteu method is roughly proportional
to the number of phenolic hydroxyl groups in a given substrate,
and these structural differences are reported to be responsible
for the antioxidant activity. The PC content of the S. montana EO
showed slightly higher results than those obtained by Oke et al.35

for Satureja cuneifolia, which is probably due to the high content
of the terpenic alcohol (ρ-cymene) compared to S. montana.

CONCLUSION
This study showed that the essential oil and ethanol extracts
of S. montana contain several compounds with antimicrobial
properties, which can potentially be used as antimicrobial agents
in the preservation and extension of the shelf life of raw and
processed foods. The active antimicrobial compounds of EOs
were phenolics (carvacrol, carvacrol methyl ether, and thymol)
and terpenes (γ -terpinene) molecules. The antimicrobial activity
observed in the non-volatile phase (ethanol) could be attributed
to the presence of PCs, because it is expected that their mode
of action might be similar to that of other PCs. In contrast,

wileyonlinelibrary.com/jsfa c© 2011 Society of Chemical Industry J Sci Food Agric 2011; 91: 1554–1560
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non-volatile extracts (water and ethanol) showed the strongest
antioxidant activity of S. montana.

In conclusion, extracts and EOs of S. montana represent a source
of natural antibacterial and antioxidant substances with potential
applicability in food systems to prevent the growth of food-borne
pathogenic and spoilage bacteria, as well as oxidation, and to
extend food shelf life. However, further research is still required to
confirm such applicability and to evaluate the safe ty of S. montana
EO, ethanolic and aqueous extracts for consumers.
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