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ABSTRACT

he aim of this study was to investigate the biological activities of Satureja boissieri Hausskn. ex Boiss. (Lami-

aceae) essential oil. Antimicrobial effects of the major components from the essential oil were determined
by agar well and disc diffusion methods. Antiproliferative effect of the essential oil against human colorectal
adenocarcinoma (HT-29) cell line was evaluated by Real Time Cell Analyzer xCELLigence method. In addition,
total phenolic content and radical scavenging activity of the essential oil were determined. The results show
that thymol, thymol 40%:carvacrol 60%, and terpinene-4-ol 25%:carvacrol 75% had significant antimicrobial
activity against S. aureus ATCC 25923 and S. aureus ATCC 29213 strains. Also, the essential oil exhibited the
high inhibitory effect on the growth of HT-29 cell line (IC_ <10 ug/mL).
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6z

B u calismanin amaci Satureja boisiseri Hausskn. ex Boiss.(Lamiaceae) ucucu yaginin biyolojik aktivitelerinin
arastirilmasidir. Ucucu yagin biylk bilesiklerinin antimikrobiyal aktivitesi agar kuyu ve disk difizyon
yontemleri ile belirlenmistir. Ucucu yadin, insan kolorektal adenokarsinom (HT-29) hiicre hattina karsi
antiproliferatif etkisi Gercek Zamanl Hicre Analizori xCELLigence yéntemi ile dederlendirilmistir. Ayrica,
ucucu yadin toplam fenolik miktari ve radikal giderim aktivitesi de tespit edilmistir. Sonuglar géstermektedir
ki; timol, %40 timol : %60 karvakrol, %25 terpinen-4-ol: %75 karvakrol S. aureus ATCC 29213 suslarina karsi
onemli bir antimikrobiyal aktiviteye sahiptir. Bununla birlikte, ucucu yag HT-29 hicre hattinin biyimesi
tizerine yliksek bir inhibisyon etki géstermistir (IC_ <10 ug/mL).
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INTRODUCTION

ntimicrobial activities of essential oils have

been extensively investigated due to their
potential applications in the food and pharmacy
industries. This is of particular relevance due to
the increased resistance of bacteria to antibiotic
agents, and to the more common microbiological
agents used in food
Staphylococcus aureus is an important pathogen
that causes a wide range of infections and rapidly

develops resistance to some antimicrobial agents.

In the USA, approximately 35 hospital strains of
S. aureus are resistant to methicillin (or other
penicillin antibiotics) and in recent years the
emergence of vancomycin-resistant S. aureus has
caused additional concern [2].

Colon cancer is one of the greatest cancer
incidences and death in the world [3]. Colorectal
cancer (CRC) is among the top three most
commonly diagnosed cancers in the world,
accounting for 8% of all cancer-related deaths
annually[4] . Recently, colon cancer rates are
increasing due to the changing of dietary pattern.
Diet is an important factor in both development
and prevention of carcinogenesis[5]. Reports
on the use of herbs are as old as humanity and
have demonstrated that plant-derived essential
oils exert better therapeutic activity than their
isolated major compounds. In addition, the
essential oils are the products of extraction of a
plant species, so they are more concentrated and
may exhibit higher toxicity than the original plant
[6].

Satureja L. is a genus of the well-known
aromatic plant of thefamily Lamiaceae. The aerial
parts of these species have distinctive tastes and
can be added to stuffing, meat, chicken, pies and
sausages as a seasoning [7]. Satureja boissieri is
known as Catri/Kekik and used as a condiment
and herbal tea in the kitchen of local people in
Turkey [8]. The main objectives of this study were
i) to determine the antimicrobial activity of the
major components and the essential oil against
reference strains of Staphylococcus aureus
by using disc diffusion and agar well diffusion
methods ii) to evaluate the antiproliferative effect

preservation  [1].
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of the essential oil against HT-29 cell line and iii)
to determine total phenolic content and radical
scavenging activity of the essential oil.

MATERIALS and METHODS

Chemicals

Mueller Hinton Broth, Mueller Hinton Agar
and sodium chloride were purchased from
Merck (Darmstadt, Germany). 2,2-diphenyl-1-
picrylhydrazyl (DPPH), butylated hydroxyanisole
(BHA), 2,6-di-tert-butyl-4-methylphenol (BHT),
fetal bovine serum (FBS), penicillin-streptomycin,
Dulbecco's Modified Eagles Medium-High Glucose
(DMEM-HG) and dimethylsulphoxide (DMSO) were
purchased from Sigma-Aldrich GmbH (Steinheim,
Germany). Tetracycline was purchased from
Oxoid (Basingstoke, United Kingdom). All the
chemicals and solvents used in this study were
analytical grade.

Plant Material

Satureja boissieri was collected at the flowering
stage in Ortakdy-Bingdl (Turkey) village in July
2012. The samples were identified and stored at
the Herbarium in Biology Department of Bingol
University.

Essential Oil and Isolated Compounds

2 kgofdried aerial parts of the plant were shredded
and combined with liguid nitrogen in a clean
metal container. Then, the plant materials were
processed for approximately 3 h in a Clevenger
hydro-distillation apparatus. 28 mL (~27.3 g) of
the essential oil was obtained. Anhydrous sodium
sulfate was added to eliminate residual water in
the oil. Finally, filtration was performed using
blue band filter paper. The oil was stored in amber
glass bottles at +4 °C. We have recently reported
the isolation of pure compounds from S. boissieri
essential oil [9]. Column chromatography was
performed using analytical grade solvents and
with loading 7.68 g (8 mL) of the crude essential
oil. The pure chemical structures were determined
by GC-MS (Agilent Technology 7890A GC system
coupled to a 5975C inert MSD with Triple-Axis
Detector (Agilent Technologies)) USA) [9].
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Test Bacteria

Lyophilized ATCCbacterialstrains were purchased
from Mecconti (Italy). Lyophilized cultures were
revived by breaking the valve, squeezing cap
until all fluid moistens the lyophilized pellet in
the bottom of tube, transferring the hydrated
culture to Mueller Hinton Agar, and incubating
inoculated media at 37°C. Following the
incubation, representative well-isolated colonies
were selected. Bacterial cultures were cultivated
on Mueller Hinton Agar at 37°C for 24 h. Then, the
bacteria were suspended in sterile saline solution
0.875% (w/v). The suspension was adjusted
to 0.5 McFarland scale to obtain standardized
suspension equivalents of 108 CFU/mL.

Inhibitory Effect by Agar Well Diffusion Method
The determination of the inhibitory effect of the
essential oil and the components on test bacteria

was carried out by agar well diffusion method [10].

The media (Mueller Hinton Agar) along with the
inoculum (108 CFU/mL) was poured into the petri

plate. The wells were prepared in 7.0 mm plates.

20 uL of the test compound (diluted in 10% DMSO
to test concentration 1:5) was introduced into
each well. DMSO (10%) was used as a negative
control. The inoculated plates were incubated for
24 h at 37°C. After incubation, the diameter of the

inhibition zone was measured with digital calipers.

The measurements were done basically from the
edge of the zone to the edge of the well.

Inhibitory Effect by Disc Diffusion Method

The disc diffusion method was employed for the
determination of the antimicrobial activity of the
essential oil and the components [11]. The media
(Mueller Hinton Agar) along with the inoculum
(108 CFU/mL) was poured into the petri plate. The
filter paper discs (6 mm in diameter; Whatmann
no: 1) were saturated with 6 uL of the test
compounds, allowed to dry, and introduced on
the upper layer of the inoculated agar plates. The

inoculated plates were incubated for 24 h at 37°C.

To determine the microbial growth, the diameter
of the inhibition zone was measured using digital
calipers. An antibiotic disc of tetracycline (30 pg/
disc) was also used as a positive control.

xCELLigence Assay

The antiproliferative effect of the essential oil
against the HT-29 cell line was determined by
using the xCELLigence Real-Time Cell Analyzer-
Single Plate (RTCA-SP) instrument (Roche Applied
Science, Basel, Switzerland) according to method
of Koldas, Demirtas, Ozen, Demirci and Behcet
[12]. DMEM with 10% fetal bovine serum and
2% penicillin-streptomycin was used as the cell
culture medium during the assessments. First, 50
pL of medium was added to each well of E-plate
96 and the plate was left in the hood for 15 min
and then in the incubator for 15 min to let both
the E-plate’s golden electrode well bottoms and
the medium reach a thermal equilibrium. Then,
the E-plate was inserted into the RTCA station
in the incubator and a background measurement
was performed. After ejection of the Eplate from
the station, 100 puL HT-29 cell suspensions were
added to the wells to obtain a 2.5x10* cell/well
concentration in each well except for three of
the wells. The cell concentration (cells/well) was
analysed by using fully automated Cedex Hires
Analyzer system (Roche Diagnostic Ltd, Rotkreuz,
Switzerland) based on the manual Trypan Blue
Exclusion Method. Three wells were left without
cells to check if there would be an increase in cell
index (CI) originating from the medium. 100 pL of
medium was added to these wellsinstead of the cell
suspension. After leaving the E-plate in the hood
for 30 min, it was inserted to the RTCA station
and the second step measurement was initiated
for 80 min. During this period, the cells adapted to
the bottom of the wells and entered into a growth
and division phase. After this step, the E-plate
was ejected from the station and solutions of the
essential oil that was prepared with DMSO (final
concentration of DMSO was less than 1% in each
of the wells) and medium were added to the wells
to obtain final concentrations of 100, 50, and 10 in
each well, respectively. Then final volume of the
wells was completed to 200 pL by adding medium.
After this step, the E-plate was inserted into the
station and the main measurement period of 48
hours was initiated.

DPPH Radical Scavenging Assay
The free radical scavenging activity of the

127



essential oil was determined by the method
of Blois [13], with some modifications [14]. The
solution of DPPH in methanol (0.004%) was
prepared fresh daily and 1 ml of this solution in
methanol was mixed with 1 ml of sample solution
of varying concentrations. Each mixture was kept
in the dark for 30 min at room temperature. The
absorbance was measured at 517 nm against a
blank on a UV visible light spectrophotometer
(Rayleigh, UV-2601). BHT and BHA were used
as positive controls. The activity was calculated
using the following formula:

Scavenging% = [(A -A )/ A

control sample

control] X 100
Determination of Total Phenolic Contents

The total phenolic content of the essential oil
was determined according to the Folin-Ciocalteu
method Singleton and Rossi [15], with some
modifications [16]. Briefly, 0.1 mL of sample
solution, 0.2 mLof 50% Folin-Ciocalteu's reagent
and 1 mL of 2% Na,CO, was mixed in a tube. Then,
the mixture was incubated at room temperature
for 45 min. The absorbance of the each mixture
was measured at 760 nm. The same procedure
was repeated for the standard solutions of gallic
acid. Total phenolic contents of the sample was
expressed in terms of gallic acid equivalent (ug of
gallic acid/mg of essential oil).

Statistical Analysis

All experiments were donein triplicate. The results
were expressed as meanststandard deviations
(SD). Statistical analyses were performed using

&G
f-Myrcens p-Cymene
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the SPSS 1.5 (SPSS, Chicago, IL). Differences
among means were done by analysis of variance
(ANOVA), and averages were compared using the
Tukey test. The level of statistical significance was
taken at p<0.01.

RESULTS and DISCUSSION

Antimicrobial Activities of the Components
against S. aureus

The inhibition zones of disc diffusion values of the
essential oil and its isolated components against
S. aureus strains were in the range of 11.84+0.68
- 27.084£0.22 mm, respectively (Table 1). Thymol
and thymol 40% : carvacrol 60% components
exhibited strong antimicrobial activity against S.
aureus. Also, Thymol (3%): Carvacrol (97%) and
terpinene-4-ol 25% : carvacrol 75% components
showed remarkable antibacterial activity. Among
the components, thymol was the most active
against S. aureus ATCC 25923 (25.41+0.12 mm)
and S. aureus ATCC 29213 (27.08+0.22 mm) by
disc diffusion method. Tetracycline (standard
antibiotic) exhibited a lower inhibitory effect
against tested bacteria than thymol and thymol
: carvacrol components. As expected, 10% DMSO
(negative control) had no inhibitory effect.

The inhibition zones of agar well diffusion values
of the essential oil and its isolated components
(Figure1)against S. aureus strainswereintherange
of 3.62+0.16 - 9.35+0.02 mm (Table 2). Among the
components, thymol was the most active against
S. aureus ATCC 25923 (9.24+0.0lmm) and S.

;

7-T erpinene

o >

T erp inene-4-ol

Thymol

Carvacrol

Figure 1. Isolated volatile compounds used in the antimicrobial activity test.
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Table 1. Antimicrobial acitivities of the components from S. boissieriby disc diffusion assay".

Disc diffusion (mm)

S. aureus S. aureus
Material

ATCC 25923 ATCC 29213
The essential oil 14.23+0.20¢° 13.78+0.04¢
B-mycrene 5%: p-cymene 80%:y-terpinene 15% 14.05+0.72¢ 11.84+0.68'
Thymol (100%) 25.41+0.12° 27.08+0.22°
Thymol (40%): Carvacrol (60%) 23.35+0.01° 26.43+0.49°
Thymol (3%): Carvacrol (97%) 22.15+£0.49¢ 21.57+0.20°
Terpinen-4-ol (25%): Carvacrol (75%) 17.64+0.23¢ 18.12+0.43¢
Tetracycline 23.31+0.06° 20.51+0.04¢

“Values represent averages +standard deviations for triplicate experiments. Values in the same column with different

superscripts are significantly (p<0.01) different.

Table 2. Antimicrobial acitivities of the components from S. boissieri by agar well diffusion assay".

Agar well diffusion (mm)~

S. aureus S. aureus
Material

ATCC 25923 ATCC 29213
The essential oil 4.82+0.09¢ 3.62+0.16°
B-mycrene 5%: p-cymene 80%:y-terpinene 15% 5.35+0.11° 5.12+0.10¢
Thymol (100%) 9.24+0.01° 9.35+0.02°
Thymol (40%): Carvacrol (60%) 8.25+0.04° 8.65+0.08?
Thymol (3%): Carvacrol (97%) 7.44+0.03¢ 7.34+0.03°
Terpinen-4-ol (25%): Carvacrol (75%) 6.14+0.09¢ 6.09+0.11¢

*Values represent averages +standard deviations for triplicate experiments. Values in the same column with different su-
perscripts are significantly (p<0.01) different. “Materials were diluted in 10% DMSO due to the test concentration (1/5).

aureus ATCC 29213 (9.35+0.02 mm).

Essential oils rich in phenolic compounds
such as thymol and carvacrol are reported to
possess high antimicrobial activity against S.
aureus [7,17,18]. Xu, Zhou, Ji, Pei and Xu [19]
reported that the mechanism of action of thymol
and carvacrol is disrupting to the cytoplasmic
membrane; it increases its permeability and
depolarizes its potential. Souza, Oliveira, Stamford,
Conceigcdao and Gomes Neto [20] determined
that carvacrol and thymol suppress enzymatic
activities in S. aureus and inhibit its production
of staphylococcal enterotoxins. The reductions
in the enzymatic activities of the cells and in the
synthesis of enterotoxins most likely occurred
due to a prevention of protein secretion, which
could have been a consequence of changes in the
physical nature of the staphylococcal cytoplasmic
membrane [21].

In this study, the data of inhibition zones
have indicated that the inhibitory effect of the
whole essential oil was lower than those of the
components. This effect may be due to the
presence of componentsin various concentrations
that can have additive, synergistic or antagonistic
interactions. Different inhibitory effects were
observed for combinations of carvacrol and
thymol. The tested components which have
high thymol percentage were more effective
than the others. Thymol was the most effective
antimicrobial substance against tested bacteria,
which was consistent with other studies [22].

In this study, B-myrcene 5% :p-cymene 80%
y-terpinene 15% exhibited the lowest inhibitory
effect against S. aureus. Bagamboula, Uyttendaele
andDebevere[23]reportedcomponentscontaining
only an aromatic ring with alkyl substituents as in
p-cymene have low antimicrobial activity. Galluci
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Figure 2. Real-time cell monitoring of the proliferation of HT-29 cells treated with the essential oil for 48 h period.

et al. [18] reported that the myrcene did not show
antimicrobial activity against slime producing
and non-producing Staphylococci. In addition,
no antimicrobial activity has been reported for
y-terpinene [24].

S. aureus is a cause of local infections (wound
infections, skin infections, deep infections such as
myositis, osteomyelitis, endocarditis, pericarditis,
pneumonia) which can develop into systemic
infections such as bacteremia and sepsis. The
second group of infections caused by S. aureus
are toxin-mediated diseases [25]. Staphylococcal
food poisoning (SFP) is an intoxication that
results from the consumption of foods (meat
and meat products, egg products, milk and dairy
products, salads, bakery products, particularly
cream-filled pastries and cakes, and sandwich
fillings) containing sufficient amounts of one (or
more) preformed enterotoxin [26]. Therefore,
controlling the numbers and growth of S. aureus
remains an important objective for sectors of the
food industry. S. boissieri is frequently used as
a condiment and found as herbal tea. It may be
used as a natural preservative against S. aureus

for the food production industry. Morever, S.

boissieri may be considered as natural and
effective alternative agent to antibiotics due to
the increasing antibiotic resistance of S. aureus.
Antiproliferative Effect by Real Time Cell
Analyzer xCELLigence

The antiproliferative effect of the essential oil was

examined on HT-29 cell line at the concentrations
of 10, 50 and 100 ug/mL by using real time cell
analyzer xCELLigence method. The system
measures impedance differences in order to
derive cell index values at time points whose
intervals can be set by the operator. These
impedance differences and thus the cell index
values depend on the cell activity at the bottom
of the wells [27]. Cell Index (Cl) is a dimensionless
parameter derived as a relative change in
measured electrical impedance to represent cell
status. If it is decreasing, it shows us that the
cancer cells are dying. Our data showed that the
essential oil displayed significant antiproliferative
effect against HT-29 cell line (IC_< 10 pg/mL)
(Figures 2 and 3).

Sadeghi, Yousefzadi, Behmanesh, Sharifi and
Moradi [28] reported the cytotoxic effect of the
essential oil from S. boissieri on KYSE30 and 5637
cellsandtheyobservedtheoil significantly reduced
cell viability of the cells in a dose-dependent
manner starting 39 to 1000 pg/ml with IC, 156
ug/ml. Studies are reported the antiproliferative
effect of the essential oil from Satureja species
against a variety of human cancer cell lines.
Lampronti, Saab and Gambari [29] determined
the antiproliferative effects of essential oils from
different plants belonging to the Magnoliophyta
division on human leukemic K562 cells and
found that the essential oil derived from Satureja
montana showed the most interesting activity in
inhibiting the cell growth of the K562 cell line.
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Figure 3. Cell index values for 12h, 24h, 36 h, and 48h after the treatment of the essential oil at the concentrations of 10,
50 and 100 pg/mL. Cell Index is a dimensionless parameter derived as a relative change in measured electrical impedance
to represent cell status. If it is decreasing, it shows us that the cancer cells are dying.
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Figure 4. DPPH scavenging activity of the essential oil and synthetic antioxidants at tested concentrations (EO: The
essential oil; BHT: Buthylated hydroxytoluene; BHA: Butylated hydroxyanisole).

Miladi et al. [30] observed that a concentration-
and time-dependent inhibitory effect S. montana
essential oil on human respiratory epithelial cell
line (A549).

In our previous study, we reported the
inhibitory effect of the essential oil and the
isolated pure or mixture components from
S. boissieri against human cervical carcinoma
cell line (HeLa). In that study, the components
containing the high concentrations of p-cymene,
thymol and carvacrol effectively inhibited the
growth of HelLa cells [9]. Koparal and Zeytinoglu
[31] demonstrated the carvacrol was very potent
cell growth inhibitor of A549 cell line. Therefore,
in our study, the highest antiproliferative effect of

the essential oil against HT-29 cells attributed the
including active compounds p-cymene, thymol
and carvacrol.

Antioxidant Activity of the Essential Oil
Free radical scavenging activity of essential oil

from S. boissieri was measured by DPPH assay.

Free radical scavenging increased by increasing
the essential oil concentration (Figure 4). The
IC,, value of the essential oil was determined
as 0.760+0.019 mg/mL. The radical scavenging

effect was low compared to synthetic antioxidants.

Gulluce et al was determined the radical
scavenging effect of Satureja hortenis essential
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oil with a IC,, value of 350.00+5.00 pg/mL. [32].

The total phenols content, which were measured
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Table 3. Antioxidant activities of the essential oil from S.
boissieri

Material DPPH IC,, Total phenolic
(mg/mL) content
(ug GAE/mg)
The essen- 0.760+0.019° 214.46+6.74
tial oil
BHT 0.022+0.001° NS
BHA 0.003+0.001° NS

“Values represent averages + standard deviations for tripli-

cate experiments. Values in the same column with different
superscripts are significantly (p <0.05) different. NS: not

by Folin-Ciocalteu reagent in terms of gallic acid
equivalent, was 214.46+6.74 pug /mg, presented as
gallic acid equivalent in pg /mg essential oil.

CONCLUSIONS

In this study, the most of the isolated components
exhibited significant antimicrobial activity. The
synergistic and antagonistic effects were found
in combinations of the components. It was also
established that the components containing
the high concentrations of thymol effectively
inhibited the growth of S. aureus strains. The
essential oil exhibited the excellent inhibitory
effect on the growth of HT-29 cell line. According
to the results of this study, S. boissieri and its
active components may be suggested as a new
potential source of natural agent for pharmacy
and food industries.

ACKNOWLEDGEMENTS

The authors would like to thank Prof. Dr. Lutfi Behcet for
the collection and identification of the plant material and
Dr. Muhammed Altun for his help with the xCELLigence
experiment.

References

1. D. Adam, Global antibiotic resistance in Streptococcus
pneumoniae, Journal of Antimicrobial Chemotherapy,
50 (2002) 1-5.

2. B.Batabyal, G.K. Kundu, S. Biswas, Methicillin-Resistant
Staphylococcus Aureus: A Brief Review, International
Research Journal of Biological Sciences, 1(2012) 65-71.

3. J.-Y. Kim, K.-W. Park, K.-D. Moon, M.-K. Lee, J. Choi,
S.-T. Yee, K.-H. Shim, K.-I. Seo, Induction of apoptosis
in HT-29 colon cancer cells by crude saponin from
Platycodi Radix, Food and Chemical Toxicology, 46
(2008) 3753-3758.

4. A. Jemal, F. Bray, M.M. Center, J. Ferlay, E. Ward, D.
Forman, Global cancer statistics, CA: a cancer journal
for clinicians, 61(2011) 69-90.

5.

18.

20.

H. Ohigashi, T. Osawa, J. Terao, S. Watanabe, T.
Yoshikawa, Food factors for cancer prevention,
Springer Science & Business Media, Tokya, Japan,
2013.

N. Bisset, M. Witchtl, Herbal drugs and
phytopharmaceuticals. A handbook for practice on
a scientific basis. Boca Raton, Ann Arbor, London,
Tokyo, CRC Press, (1994).

F. Oke, B. Aslim, S. Ozturk, S. Altundag, Essential oil
composition, antimicrobial and antioxidant activities
of Satureja cuneifolia Ten, Food Chemistry, 112 (2009)
874-879.

F. Satil, T. Dirmenci, G. Tumen, Y. Turan, Commercial
and Ethnic Uses of Satureja (Sivri Kekik) Species in
Turkey, Ekoloji Dergisi, 17 (2008).

F. Oke-Altuntas, I. Demirtas, A.R. Tufekci, S. Koldas, F.
Gul, L. Behcet, H.l. Gecibesler, Inhibitory Effects of the
Active Components Isolated from Satureja Boissieri
Hausskn. Ex Boiss. On Human Cervical Cancer Cell
Line, Journal of Food Biochemistry, 40 (2016) 499-
506.

D. Kalemba, A. Kunicka, Antibacterial and antifungal
properties of essential oils, Current Medicinal
Chemistry, 10 (2003) 813-829.

P.R. Murray, E.J. Baron, M.A. Pfaller, F.C. Tenover,
R.H. Yolken, Manual of Clinical Microbiology, 8 ed.,
American Society for Microbiology, Washington, D.C.,
2003.

S. Koldas, I. Demirtas, T. Ozen, M.A. Demirci, L. Behcet,
Phytochemical screening, anticancer and antioxidant
activities of Origanum vulgare L. ssp. viride (Boiss.)
Hayek, a plant of traditional usage, Journal of the
science of food and agriculture, 95 (2015) 786-798.
M.S. Blois, Antioxidant determinations by the use of a
stable free radical, Nature, 181 (1958) 1199-1200.

F. Oke, B. Aslim, Protective effect of two edible
mushrooms against oxidative cell damage and their
phenolic composition, Food Chemistry, 128 (2011) 613-
619.

V. Singleton, J.A. Rossi, Colorimetry of total phenolics
with phosphomolybdic-phosphotungstic acid reagents,
American journal of Enology and Viticulture, 16 (1965)
144-158.

H. Yegenoglu, B. Aslim, F. Oke, Comparison of
Antioxidant Capacities of Ganoderma lucidum (Curtis)
P. Karst and Funalia trogii (Berk.) Bondartsev &
Singer by Using Different In Vitro Methods, Journal of
Medicinal Food, 14 (2011) 512-516.

M. Dal Pozzo, D. Santurio, L. Rossatto, A. Vargas, S.
Alves, E. Loreto, J. Viegas, Activity of essential oils
from spices against Staphylococcus spp. isolated
from bovine mastitis, Arquivo Brasileiro de Medicina
Veterindria e Zootecnia, 63 (2011) 1229-1232.

N. Gallucci, M. Oliva, E. Carezzano, J. Zygadlo, M.
Demo, Terpenes antimicrobial activity against slime
producing and non-producing Staphylococci, Mol. Med.
Chem, 21 (2010) 132-136.

J. Xu, F. Zhou, B.P. Ji, R.S. Pei, N. Xu, The antibacterial
mechanism of carvacrol and thymol against
Escherichia coli, Letters in Applied Microbiology, 47
(2008) 174-179.

E. Souza, C. Oliveira, T. Stamford, M. Concei¢do, N.
Gomes Neto, Influence of carvacrol and thymol on
the physiological attributes, enterotoxin production
and surface characteristics of Staphylococcus aureus
strains isolated from foods, Brazilian Journal of
Microbiology, 44 (2013) 29-35.



21.

22.

23.

24.

25.

26.

27.

F. Oke Altuntas and I. Demirtas / Hacettepe J. Biol. & Chem., 2017-451);125-133

S. Shah, P. Stapleton, P. Taylor, The polyphenol (-)
epicatechin gallate disrupts the secretion of virulence
related proteins by Staphylococcus aureus, Letters in
applied microbiology, 46 (2008) 181-185.

G. Klein, C. Riben, M. Upmann, Antimicrobial Activity
of Essential Oil Components Against Potential Food
Spoilage Microorganisms, Current microbiology, 67
(2013) 1-9.

C.F. Bagamboula, M. Uyttendaele, J. Debevere,
Inhibitory effect of thyme and basil essential oils,
carvacrol, thymol, estragol, linalool and p-cymene
towards Shigella sonnei and S. flexneri, Food
Microbiology, 21 (2004) 33-42.

G. Murgananthan, P. Sathyachethan, Antimicrobial
constituents from Plants, International Research
Journal of Pharmacy, 3 (2012) 5-9.

J. Kurlenda, M. Grinholc, Alternative therapies in
Staphylococcus aureus diseases, Acta Biochim Pol, 59
(2012) 171-184.

Y. Le Loir, F. Baron, M. Gautier, Staphylococcus aureus
and food poisoning, Genet Mol Res, 2 (2003) 63-76.

S. Isik, A. Karagdz, S. Karaman, C. Nergiz, Proliferative
and apoptotic effects of olive extracts on cell lines and
healthy human cells, Food Chemistry, 134 (2012) 29-
36.

28.

29.

30.

31

32.

I. Sadeghi, M. Yousefzadi, M. Behmanesh, M. Sharifi, A.
Moradi, In vitro Cytotoxic and Antimicrobial Activity
of Essential Oil From Satureja Intermedia, Iranian Red
Crescent Medical Journal, 15 (2013) 70-74.

I. Lampronti, A.M. Saab, R. Gambari, Antiproliferative
activity of essential oils derived from plants belonging
to the Magnoliophyta division, International journal of
oncology, 29 (2006) 989-995.

H. Miladi, R. Ben Slama, D. Mili, S. Zouari, A. Bakhrouf,
E. Ammar, Chemical composition and cytotoxic and
antioxidant activities of Satureja montana L. essential
oil and its antibacterial potential against Salmonella
spp. strains, Journal of Chemistry, X 2013 (2013).

A.T. Koparal, M. Zeytinoglu, Effects of carvacrol on a
human non-small cell lung cancer (NSCLC) cell line,
A549, Cytotechnology, 43 (2003)149-154.

M. Giilliice, M. Sékmen, D. Daferera, G. A ar, H. Ozkan,
N. Kartal, M. Polissiou, A. S6kmen, F. Sahin, In Vitro
Antibacterial, Antifungal, and Antioxidant Activities
of the Essential Oil and Methanol Extracts of Herbal
Parts and Callus Cultures of Satureja hortensis L,
Journal of Agricultural and Food Chemistry, 51 (2003)
3958-3965.

133






