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Ozet

Thymus revolutus Celak (Lamiaceae) is an endemic species in Turkey. Cyclotrichium origanifolium (Labill.) Manden & Scheng
(Lamiaceae) has been widely used as a flavoring agent in soups and salads, and herbal tea in Turkey. The essential oil (EO)
components, antioxidant and antimicrobial activities of the extracts and EOs of T. revolutus and C. origanifolium were examined.
The EO compositions were analyzed by GC-MS. Total phenolic contents, flavanols, flavonols and antioxidant activities of the
extracts were determined by spectrophotometer. Antimicrobial activity was investigated against 15 microorganisms by agar
diffusion method. Carvacrol, thymol, p-cimene and borneol were predominantly found in T. revolutus EO. The C. origanifolium EO
contained bicyclo[3.1.1]hepten-3-one, 2,6,6-trimethyl-(1.alpha, 2.beta, 5.alpha), pulegone and 2-cylohexen-1-ol, 1-methyl-4-(1-
methylethyl),-cis as main constituents. The levels of total phenolic contents, flavanols, and flavonols of T. revolutus and C.
origanifolium extracts were 38.68 +/- 2.5 and 78.57 +/- 0.6 mg gallic acid equivalent/g; 2250.06 +/- 328.0 and 610.84 +/- 13.3 mg
catechin equivalent/100 g; and 1287.35 +/- 91.1 and 2712.36 +/- 20.9 mg rutin equivalent/100 g, respectively. Antioxidant activities
of T. revolutus and C. origanifolium were 48.91 +/- 0.2 % and 74.86 +/- 0.3 % at 0.1 mg/mL concentration, respectively in the DPPH
assay. C. origanifolium EO sat 2 % and 1 % concentrations showed antibacterial activity against tested Gram (+) bacteria but not
Mycobacterium smegmatis. Both of the EOs had no inhibitory effects at 0.2 and 0.5 % concentrationson on the 15 tested
microorganisms. Gram (+) bacteria found to be more sensitive to the EOs and extracts than Gram (-) bacteria in this study. The
EOs and the extracts of T. revolutus and C. origanifolium could be used as natural products in many areas such as food,
pharmaceutical, alternative medicine and natural therapy.
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Abstract: Thymus revolutus Celak (Lamiaceae) is an endemic species in Turkey. Cyclotrichium
origanifolium (Labill.) Manden & Scheng (Lamiaceae) has been widely used as a flavoring agent in soups and
salads, and herbal tea in Turkey. The essential oil (EO) components, antioxidant and antimicrobial activities of
the extracts and EOs of T. revolutus and C. origanifolium were examined. The EO compositions were analyzed
by GC-MS. Total phenolic contents, flavanols, flavonols and antioxidant activities of the extracts were determined
by spectrophotometer. Antimicrobial activity was investigated against 15 microorganisms by agar diffusion
method. Carvacrol, thymol, p-cimene and borneol were predominantly found in T. revolutus EO. The C.
origanifolium EO contained bicyclo[3.1.1Thepten-3-one, 2,6,6-trimethyl-,(l.o, 2.8, 5.at), pulegone and 2-
cylohexen-1-ol, 1-methyl-4-(1-methylethyl),-cis as main constituents. The levels of total phenolic contents,
flavanols, and flavonols of T. revolutus and C. origanifolium extracts were 38.68+2.5 and 78.57+0.6 mg gallic
acid equivalent/g; 2250.06+£328.0 and 610.84+13.3 mg catechin equivalent/100 g; and 1287.35+91.1 and
2712.36+20.9 mg rutin equivalent/100 g, respectively. Antioxidant activities of T. revolutus and C. origanifolium
were 48.91+0.2 % and 74.86+£0.3 % at 0.1 mg/mL concentration, respectively in the DPPH assay. C.
origanifolium EO sat 2 % and 1 % concentrations showed antibacterial activity against tested Gram (+) bacteria
but not Mycobacterium smegmatis. Both of the EOs had no inhibitory effects at 0.2 and 0.5 % concentrationson
on the 15 tested microorganisms. Gram (+) bacteria found to be more sensitive to the EOs and extracts than
Gram (-) bacteria in this study. The EOs and the extracts of T. revolutus and C. origanifolium could be used as
natural products in many areas such as food, pharmaceutical, alternative medicine and natural therapy.

Key words: Thymus revolutus; Cyclotrichium origanifolium; essential oil composition;
antimicrobial activity; antioxidant activity.

Introduction molecules like lipids, nucleic acids, proteins,

Free radicals are often generated by oxidation amines, deoxyribonucleic acid, and carbo-
product of biological reactions or exogenous hydrates. Its damage causes ageing, cancer, and
factors. It is well known that reactive oxygen many other diseases ?2. There is an increasing
species induce some oxidative damage to bio- interest in antioxidants, particularly in those

*Corresponding author (Osman Sagdic)
E-mail: < osagdic@yildiz.edu.tr, sagdic@gmail.com > © 2013, Har Krishan Bhalla & Sons



R. Suleyman Gokturk et al., / TEOP 16 (6) 2013 795 - 805

796

intended to prevent the presumed deleterious
effects of free radicals in the human body, and
prevent the deterioration of fats and other
constituents of food stuffs. Consumers prefer
antioxidants from natural sources rather than
synthetic sources ’. Because, the commonly used
synthetic antioxidants such as butylated
hydroxyanisole (BHA) and butylated hydroxy
toluene (BHT) are suspected to have some toxic
and carcinogenic effects in living organisms #.

Plant phenolics are considered to be multi-
functional antioxidants and they might act as
singlet oxygen quencher, reducing agents, and
hydrogen donors. They also have transition metal
chelating properties. These multiple potential
mechanisms of antioxidant action make the
diverse group of phenolic compounds an
interesting target in the search of health beneficial
phytochemicals, and also offer a possibility to
use phenolic compounds or extracts in lipid rich
foods in order to extend their shelf life .

Thymus revolutus Celak (Lamiaceae) is an
endemic species in Turkey that grows on open
rocky and gravelly ground. The plant is a dwarf
shrub with leaves that are lanceolate-falcate with
revolute margins, and the inflorescence is a
compact conical head with purple corolla °. The
oil of the plant was reported to have antimicrobial,
antioxidant, spasmolytic, carminative, and
expectorant activities. In addition to their
numerous traditional uses, the plant (herb) and
its EO have found diverse applications in pharma-
ceutical and medicine *°.

Even though antioxidant and antimicrobial
effects of some Thymus species have been
thoroughly studied by some researchers 16:119.2429
the biological activities of T. revolutus extract do
not seem to have been reported before.

The Cyclotrichium genus is represented in
Turkish flora by 5 species of which two are
endemic 1°. Cyclotrichium origanifolium (Labill.)
Manden & Scheng (Lamiaceae) has been widely
used as flavoring agent in soups, salads and herbal
tea in Turkey 8. To the best of our knowledge,
there is a limited number of biological reports on
Cyclotrichium species *4°!2, Apart from these
studies, the antimicrobial and antioxidant
activities of EO and various extracts of C.

origanifolium have recently been reported *.

Therefore, the aim of this study was to
determine total phenolics, flavanols, flavonols,
antioxidant and antimicrobial activities, and EO
compositions of T. revolutus and C. origanifolium
in an attempt to contribute the use of these
alternative ingredients and folk medicine in
oxidative and microbial control for food preser-
vation and human health.

Materials and methods
Plant materials

The flowering aerial parts of Thymus revolutus
Celak (Lamiaceae) were collected from Turkey,
C3 Antalya, Akdeniz University Campus,
disturbed macchie, about 32 m above sea level at
the end of May 2005. A voucher specimen has
been deposited at AKDU (Herbarium of the
Biology Department of Akdeniz University) as
Unal 1564 by Dr. Orhan Unal. T. revolutus is an
endemic plant of Turkey.

Cyclotrichium origanifolium (Labill.) Manden
& Scheng (Lamiaceae) was collected from Nigde,
Ulukisla, Turkey in July 2006 (1850-1900 m).
Plants were collected during their flowering
season. They were identified by senior taxonomist
Dr. Ahmet Aksoy from the Department of
Biology, Erciyes University, Turkey. A voucher
specimen has been deposited at the Herbarium
of the Department of Biology, Erciyes University,
Kayseri, Turkey (Moucher no.: A. Aksoy 2019).

Isolation of essential oil

Air dried T. revolutus and C. origanifolium
samples (200 g) were subjected to steam
distillation for 3 h using Clevenger-type
apparatus. The essential oils were dried over
anhydrous sodium sulphate to remove any traces
of water and, after filtration, stored at -20°C until
tested and analyzed. The extraction yields were
found as 0.6 % and 1.7 % (v/w) in T. revolutus
and C. origanifolium, respectively.

Preparation of the extracts

Herb leaves were dried at room temperature
and grounded to a fine powder with a grinder.
Then, the powdered samples (15 g) of T. revolutus
were extracted in a Soxhlet extractor with 200
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mL mixture of methanol:acetone:water:acetic
acid (90:90:18:2) at 60°C for 6 h. The powdered
samples (15 g) of C. origanifolium were extracted
in a Soxhlet extractor with methanol at 60°C for
6 h. The extracts were concentrated by a rotary
evaporator (Rotary Evaporator R 200 (Buchi,
Switzerland), T<40°C) under vacuum and
lyophilizers (Benchtop 2K Series Freeze Dryers;
T =-60°C) (SP Industries, Gardiner, NY, USA)
in order to obtain crude extracts. Dried extracts
were stored in a desiccator until use #. The
extraction yields were found as 24.53 % and 15.4
% (w/w) for T. revolutus and C. origanifolium,
respectively.

GC-MS analysis of essential oil

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 x 0.32 mm (i.d.), film thickness: 0.25 um).
Detector and injector temperature were set at
230°C. The temperature program for FFAP
column was from 120°C (1 min) to 230°C at a
rate of 6°C/min and then held at 230°C for 35
min. Helium was used as a carrier gas at a flow
14 psi. (Split 1:10 mL/min) and injection volume
of each sample was 1 uL. 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 according to the 100 % method
without using any correction factors.

Determination of total phenolics, flavonols
and flavanols

The content of total phenolic compounds in the
extracts was determined by Folin-Ciocalteu
method #. Methanol extract (40 uL) (1 mg/mL)
was transferred into a test tube, 2.4 mL distilled
water and 200 uLFolin-Ciocalteu reagent were
added and test tube was shaken thoroughly. After
this prepared solution was mixed with 600 uL
sodium carbonate (20 % Na,CO,), 760 puL
distilled water was added and mixed. Methanol
was used as a blank in the study. The absorbance

of reaction mixture was measured at 765 nm
(Shimadzu UV-Vis 1240, Japan) after incubation
at room temperature for 2 h in dark. The total
phenolic was expressed as mg of gallic acid
(GAE) equivalents/g extract.

Total flavonols were determined with Neu’s
reagent solution by the method of Dai et al. °.
The absorbance of the samples and the standard
were measured at 410 nm and the flavonols were
expressed as mg rutin equivalent (RE)/g herb
extract.

Total flavanols were assayed colorimetrically
by the vanillin method using catechin as a
standard ®. The absorbances of samples were
measured at 500 nm and the content of total
flavanol in the extract was expressed as catechin
equivalents (CE)/g herb extract. All deter-
minations were carried out in triplicate and the
results were averaged.

Determination of antioxidant activity

The ability of the extracts to scavenge DPPH
(2,2-diphenyl-1-picrylhydrazyl) was determined
by the method of Lee et al.*. The methanol
extract (50 uL) (0.1 mg/mL) was added to 450
uLTris-HCL buffer (pH = 7.4) and 1 mL of the
methanol DPPH solution (0.1 mM). Methanol
was used as a control instead of extract and EO.
After a 30 min incubation period at room
temperature in the dark, the absorbance was read
against a blank at 517 nm. Inhibition free radical
DPPH in percent (I %) was calculated in the
following way:

I (%) = 100 x (1-Absorbance of sample/
Absorbance of control)

Synthetic antioxidant reagent butylated
hydroxytoluene (BHT) was used as positive
control. All tests were carried out in triplicate and
the results were averaged.

Determination of antimicrobial activity

The 15 microorganisms containing thirteen
bacteria and two yeasts were used as test
organisms: Aeromonashydrophila ATCC 7965,
Bacillus brevis FMC3, B. cereus FMC 19, B.
subtilis ATCC 6630, B. subtilis var. niger ATCC
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10, Escherichia coli ATCC 25922, Klebsiella
pneumoniae FMC 5, Morganella 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.

Test yeasts namely 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 microorganisms were grown in nutrient
broth at 35°C for 18 h. All test microorganisms
in nutrient broth or malt extract broth were
enumerated by using the serial dilution method.
Their final cell concentrations were 10°-107 cfu/
mL. The agar diffusion method was used to detect
antimicrobial activity #. Each microorganism
(250 puL) was added into a flask containing 25
mL sterile nutrient agar or malt extract agar at
45°C and poured into Petri dishes (9 cmin
diameter). Then the agars were allowed to solidify
at 4°C for 1 h. Four equidistant holes were made
in the agar using sterile cork borers (@ = 4 mm).
EO (50 pL) at 0.2 %, 0.5 %, 1 %, and 2 %
concentrations in dimethylsulfoxide (DMSO,
Merck, Germany) were filled to the holes using
a pipettor and DMSO without the EO was used
as a control. Again, the extracts (50 uL) were
prepared at 1 %, 2.5 %, 5 %, and 10 % concen-
trations in same solvent and were applied to the
holes using a pipettor and extraction solvent
(absolute methanol) without herb extract was
used as a control. Y. enterocolitica, C. albicans
and S. cerevisiae was incubated at 25°C for 14-
24 h in the inverted position. The other micro-
organisms were incubated at 35°C for 18-24 h.
At the end of the period, inhibition zones which
formed on the medium were measured in
millimeters (mm).

Results and discussion

In this study, total yields (%), total phenolics,
flavonols, and, flavanols and antioxidant
activities of T. revolutus and C. origanifolium
extracts were examined. Also, chemical

compositions of EOs obtained from these plants
were determined. About 19 compounds of T.
revolutus EO were determined (Table 1). GC-MS
analysis demonstrated that major constituents of
T. revolutus EO were carvacrol (24.53 %), thymol
(15.39 %), p-cimene(15.50 %) and borneol (14.66
%), as listed in Table 1. The EO composition of
the various Thymus species has been previously
studied 271262 Qur results are in accordance
with the findings of Karaman et al. ¢, who
demonstrated that major components of T.
revolutus were carvacrol (43.13 %), d-terpinene
(20.86 %), p-cymene (13.94 %), B-caryophyllene
(5.40 %), and thymol (4.62 %).

Thirty-two components were characterized
from C. origanifolium EO and are shown in Table
2. The C. origanifolium EO contained bicyclo
[3.1.1]hepten-3-one, 2,6,6-trimethyl-,(l.c., 2.33,
5.0) (21.28 %), pulegone (16.15 %) and 2-
cylohexen-1-ol, 1-methyl-4-(1-methylethyl),-cis
(15.42 %) as main constituents. Previously, the
EO compositions of C. leucitrichum, C. stami-
neum 2, C. niveum %22 and C. origanifolium 4%
were analyzed by many researchers. The EOs of
C. origanifolium collected from four different
locations in Turkey by Baser et al.* were analyzed
by GC-MS and cis-isopulegone (3.52-52.17 %),
pulegone (6.85-37.15 %), isomenthone (1.98-
30.67 %), and isomenthol (0.28-11.22 %) were
reported as the main components of the EO. Also,
EO compositions of C. origanifolium were
analyzed by Tepe et al. *® and pulegone (49.8 %),
menthone (32.5 %), and limonene (6.0 %) were
determined as main components of EO.
According to GC-MS results, the percentages of
EO components are particularly in agreement
with our results. Except for some negligible
differences between the EOs tested, T. revolutus
and C. origanifolium have highly similar chemi-
cal compositions. Generally, a great variability
and diversity are observed concerning the
chemical composition of the EOs of Thymus and
Cyclotrichium species due to climatic, seasonal,
geographical and geological variation etc. 2%,

The literature survey indicates that the plant
phenolics constitute one of the major groups of
compounds acting as primary antioxidants or free
radical terminators. Therefore, it is worthwhile
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Table 1. Chemical composition of T. revolutus essential oil

Compounds RT® %
o-Pinene? 8.937 1.86°
Camphene 10.713 0.80
v-Terpinene 19.972 0.70
p-Cimene 21.570 15.50
7-Octen-4-ol 32.377 0.67
o-Thujone 33.630 0.65
trans-Thujon-4-ol 36.182 0.90
Camphor 39.980 2.55
Linalool 38.732 2.95
4-Terpineol 42.880 1.64
trans-Caryophyllene 43.038 3.59
Sabineol 45.902 1.47
Pulegone 46.157 4.05
LinalylPropioanate 48.618 211
Borneol 49.063 14.66
p-Cymen-8-ol 57.578 0.79
Caryophyllene oxide 66.110 5.18
Thymol 75.397 15.39
Carvacrol 76.961 24.53

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

Table 2. Chemical composition of C. origanifolium essential oil

Compounds RTP %
o-Pinene? 8.940 0.81°
3-Pinene 12.592 6.70
Sabinen 13.105 1.15
Limonene 17.269 1.16
Eucolyptol 17.820 5.96
p-Mentha-3,8-diene 21.242 0.20
p-Cymol (p-cimene) 21.603 0.13
3-Octanol,acetate 25.168 0.22
3-Octanol 28.633 0.31
Terpineol 33.673 0.08
Isomentahone 36.229 2.08
Isocitronellen 38.029 1.77
Linalool 38.785 0.21
Bicyclo[3.1.1]hepten-3-one, 2,6,6- 39.968 21.28
trimethyl-,(l.o, 2.8, 5.0)

Methyl acetate 40.281 0.84
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table 2. (continued).

Compounds RTP %
3-Undycene 41.560 0.97
Neoisomenthol 42.3 59 2.15
2-Cylohexen-1-ol, 1-methyl-4- 43.031 15.42
(1-methylethyl),-cis

Neoiso (iso) pelegol 44.555 1.99
Pulegone 42.221 16.15
D-Neoisomenthol 46.788 7.73
o-Terpineol 47.141 0.28
Myrtenyl propionate 48.434 1.84
Linalyl acetate 48.660 0.49
Borneol 49.110 0.94
2-Isopropyl4-methylhex-2-enol 50.403 1.50
trans-Pinocaruylacetate 52.581 1.34
Myrtenol 54,511 0.73
Piperitenone 62.635 0.14
Caryopinyllene oxide 66.318 0.60
Thymol 75.450 0.99
Carvacrol 76.948 3.73

& Compounds listed in order of elution from a FFAP MS column

b Retention time (as minutes)

¢: The percentage composition was computed from the GC peak areas

to determine their total amount in the plants.
Flavonoids as one of the most diverse and
widespread group of natural compounds, are
likely to be the most important natural phenolics.
Polyphenols, including vitamins, pigments and
flavonoids, possess a broad spectrum of chemical
and biological activities including radical
scavenging properties. Such properties are

Table 3. Total phenolic, flavanol,

especially distinct for flavonols®®. Therefore, the
content of flavonol, flavanol, and total phenolics
are determined in the extracts (Table 3).

The total phenolic contents of the extracts were
determined by Folin-Ciocalteau method and
expressed as gallic acid equivalents. The total
phenolic contents were determined as 38.68+2.5
and 78.57+0.6 mg GAE/qg extract for T. revolutus

flavonol contents and % DPPH

inhibition rates of T. revolutus and C. origanifolium extracts

Plants Total phenolics Flavanol Flavonol % DPPH
(mg GAE/qQ) (mg CE/1009) (mg RE/1009)

T. revolutus 38.68+2.5* 2250.06+328.0 1287.35+91.1 48.91+0.2

C. origanifolium 78.57+0.6 610.84+13.3 2712.36+20.9 74.86%3.0

*: Values expressed are mean + standard deviation of three experiments. Total phenolic content expressed
as gallic acid equivalent (GAE), total flavanols expressed as catechin equivalent (CE), total flavonol
expressed as rutin equivalent (RE), DPPH: 2,2-diphenyl-1-picrylhydrazyl. % Inhibition value of BHT as
positive control was found to be 55.8+0.7 % in the DPPH assay.
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and C. origanifolium, respectively.

The flavonol contents of the extracts were
determined by vanillin colorimetric methods and
expressed as rutin equivalents. The flavonol
contents of the extracts were determined as
1287.35+91.1 and 2712.36+£20.9 mg RE/100 g
extract for T. revolutus and C. origanifolium
respectively.

The flavanol contents of the extracts were
determined by Neu’s reagent solution and
expressed as catechin equivalents. The flavanol
contents were determined as 2250.06+328.0 and
610.84+13.3mg CE/100 g extract for T. revolutus
and C. origanifolium, respectively.

According to our knowledge, there was no
previous literature on total phenolic, flavonol and
flavanol contents of T. revolutus extract. Sokmen
et al. 28 showed that gallic acid equivalent total
phenolic constituent of the polar and non-polar
subfractions of T. spathulifolius methanol extract
was 141+0.90 ng/mg and 102+0.55 ug/mg,
respectively. In other study, the total phenolic
content of T. argaeus was found to be 83.31+0.59
mg GAE/g which is higher than that of T.
revolutus ?°. The total phenolic contents of the
various extracts prepared by using solvents of
varying polarity from C. origanifolium were
previously determined by Tepe et al. *. However,
it is the first time that the flavonol and flavanol
contents of C. origanifolium methanolic extract
were described in this study.

The antioxidant activities of the extracts were
measured by DPPH assay (Table 3). T. revolutus
and C. origanifolium extracts were able to reduce
the stable free radical 2,2-diphenyl-1-picryl-
hydrazyl (DPPH). At 0.1 mg/mL concentration,
the antioxidant activities of the T. revolutus and
C. origanifolium extracts were 48.91+0.2 % and
74.86+3.0 %, respectively. At this concentration,
the antioxidant activity of BHT was found to be
55.8+0.7 %. The antioxidant activity of C.
origanifolium is greater than that of BHT and T.
revolutus. Similarly, it is previously stated that
the methanol extract of C. origanifolium showed
strong free radical scavenging activity *. As far
as our literature survey could ascertain, we could
not find any reports on the antioxidant activity
of T. revolutus in the literature. However, there

are many reports on the antioxidant activities of
the various Thymus species 1719212829,

T. revolutus and C. origanifolium showed
radical scavenging activities. The total phenolic,
flavonol contents and DPPH radical scavenging
capacity of C. origanifolium were significantly
higher than that of T. revolutus.

Antimicrobial activities of the EOs of T.
revolutus and C. origanifolium at 0.2, 0.5, 1, and
2 % concentrations in DMSO were examined
against 15 microorganisms containing 13 bacteria
and 2 yeasts (Table 4). DMSO used as control
had no inhibitory effects on the 15 micro-
organisms tested. C. origanifolium EO at 2 %
and 1 % concentrations showed antibacterial
activity against Gram (+) bacteria tested, but not
against M. smegmatis. S. aureus was the most
sensitive microorganism to C. origanifolium EO.
Additionally, the EO had antibacterial activity
against Gram (-) bacteria tested, but not against
E. coli, P. aeruginosa and Y. enterocolitica. C.
origanifolium EO at 2 % concentration was active
against S. cerevisiae while it was inactive against
C. albicans. T. revolutus EO inhibited the growth
of Gram (+) bacteria tested. Also, T. revolutus
EO possessed antibacterial activity against Gram
(-) bacteria tested but not against Y. enterocolitica.
The most sensitive microorganism to EO was B.
cereus. While T. revolutus EO at 2 % concen-
tration had inhibitory effect against both of the
yeasts tested, C. origanifolium EO at 2 % concen-
tration was active against only S. cerevisiae. Both
of the EOs had no inhibitory effects on the fifteen
microorganism tested at 0.2 and 0.5 % concen-
tration.

At a concentration of 1, 2.5, 5, and 10 %, the
antimicrobial activities of T. revolutus and C.
origanifolium extracts are shown in Table 4.
Extraction solvent (absolute methanol) used as
control had no inhibitory effects on the 15
microorganisms tested. Antimicrobial activities
of extracts and EOs varied related to the test
organisms. C. origanifolium extract had
antibacterial activity against all Gram (+) bacteria
tested except S. aureus. C. origanifolium extract
was only active against A. hydrophila, K.
pneumoniae and P. aeruginosafrom Gram (-)
bacteria tested. C. origanifolium extract was only
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effective against S. cerevisiae from yeasts tested
at 10 % concentration. T. revolutus extract
showed antibacterial activity against all Gram (+)
bacteria tested except B. cereus. Also, extract was
only active against K. pneumoniae, P. aeruginosa
and Y. enterocolitica from Gram (-) bacteria
tested. T. revolutus extract was inactive against
the yeasts including C. albicans and S. cerevisiae
at all concentrations. Both of the extracts were
inactive against microorganisms tested at 1 %
concentrations. Generally, Gram (+) bacteria are
more sensitive to the EOs and extracts tested than
Gram (-) bacteria.

As far as our literature survey could ascertain,
we could find two reports on the antimicrobial
activity of Cyclotrichium in the literature **. Tepe
et al. * previously stated that C. origanifolium
EO was particularly possessed strong anti-
microbial activity while other non-polar extracts
and subfractions showed moderate activity, and
polar extracts remained almost inactive. Alim et
al. * reported that C. niveum EO showed remark-
able antibacterial activity against K. pneumoniae
and S. aureus.

Several studies have been conducted for anti-
microbial activities of EOs and extracts from
various Thymus species 1141625 However,
antimicrobial properties of T. revolutus extract
do not seem to have been reported before. It was
previously determined that T. revolutus EO
exhibited a significant antibacterial and anti-
fungal activity . Recently, Dob et al. * found
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that T. algeriensis EO exhibited a significant in
vitro antimicrobial activity against B. subtilis, as
well as against two yeasts and two filamentous
fungi tested. Hazzit et al. ** showed that the EOs
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T. spathulifolius had great potential of anti-
microbial activities 2%. The antibacterial activity
of the extracts depended on the plant chemotype,
extract preparation, solvent used and finally the
sensitivity of bacteria.

Conclusions

Total phenolics, flavonols, flavanols, anti-
oxidant, and antimicrobial activities of T.
revolutus and C. origanifolium EOs and extracts
constitutes enough evidence that these two herbs
could be used as natural additives in various food
products instead of artificial preservatives. In
addition, they could potentially find a usage in
pharmaceuticals, alternative medicine, and
natural therapy. Further studies are needed to
evaluate the in vivo potential of these EOs and
extracts in animal models.
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