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Abstract

The composition of essential oil in plants was affected by genetical and environmental conditions, which is determined by growth

region and harvesting time in terms of ontogenetical and diurnal variability. In the present study, acrial parts of Origanum onites

were harvested at three different development stages (pre, full and post flowering) and six different times of the day (06:00, 10:00,
12:00, 16:00, 20:00 and 24:00 h). A total of twenty-six components were identified by GC-MS,The major component was carvacrol,
followed by thymol, p-cymene and y-terpinene. The content of carvacrol in the essential oil varied between 24.66 and 52.58% and

the highest carvacrol content was obtained from 10:00 h at pre-flowering stages, thymol content changed between 2.80 and 23.77%

and the highest thymol content was also obtained from 24:00 h at pre-flowering stages.
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Introduction

The genus Origanum (Labiatae) is represented in Tur-
key by 22 species or 32 taxa, 21 being endemic (Dundar
et al., 2008) and the ratio of endemism in the genus is
65.2 % (Aydin e al., 1998). Oregano plays a primary role
among culinary herbs in world trade (Olivier, 1996) and it
is produced mainly in France, Greece, Spain, and Turkey
in Europe, and Chile, Mexico and Peru in America (Bar-
reyro et. al., 2005). Origanum onites, O. minutiflorum, O.
majorana, O. syriacum var. bevanii, O. vulgare var. hirtum
are exported from Turkey (Baser ez al., 1993; Kirimer ez al.,
2003). Turkish Oregano (O. onites) is the most exported
Origanum species from Turkey to the entire world (Yaldiz
et al., 2005) and is commonly known as thyme, “Izmir
kekigi”, “Bilyali kekik” or White thyme and it includes 2-3
% of essential oil (Gonuz and Ozorgucu, 1999). Oregano
has been used as a stimulant, analgesic, antitussive, expec-
torant, sedative, antiparasitic, and antihelminthic in Turk-
ish folk medicine, and it is mostly used for gastrointestinal
complaints (Dundar ¢ al., 2008). The main components
of essential oil of O. onites are carvacrol, thymol, p-cymene,
and gamma-terpinene, borneol, linalool, alpha-terpinene
(Yaldiz ez al., 2005; Ceylan et al., 1999; Kacar ez al., 2006;
Baydar ez al., 2004; Demirci ez al., 2004). However Kok-
kini ez al. (2004) stated that Turkish oregano had a higher
amounts of sabinene; a monoterpene that is used in manu-
facturing of fragrance and flavor concentrates of all types.
Biological activities of Oregano depended mainly on car-
vacrol and thymol. Carvacrol is an oxygenated monoter-
pene with multiple pharmacological actions (Baser, 2008).

The biosynthesis of secondary metabolites, although
controlled genetically, is strongly affected by the environ-
mental influences of a particular growing region, and also
by the agronomic conditions, harvesting time and the type
of processing (Miguel ez al., 2004; Baydar ez al., 2004). One
of the most important characteristics of oil accumulation is
its dependence on the developmental stage of the plant per
se as well as its concerned part (Sangwan ez al., 2001).

Studies made on the effects of ontogenetic and diur-
nal variations in the essential oil composition of O. onites
(Kizil ez al., 2008; Yaldiz ez al., 2005) and the other Origa-
num species (Gumuscu ¢# 4., 2008; Ceylan, 1976) have
been investigated. These reports showed that the variations
depending on different times of the day and development
period can influence the active substance and the herbal
productivity of the plant.

In this paper, we report about essential oil content and
composition of O. onites at different development stages
and diurnal variations in each development stages under
semi-arid conditions of the Southeast Anatolia, Turkey.

Materials and methods
Plant materials

This study was carried out during 2007 growing season
(from May to July) at Department of Field Crops, Faculty
of Agriculture, Dicle University, Diyarbakir, Turkey (37°
55’ N; 40° 12’ E; 660 m above sea level). Monthly mean
temperatures, relative humidity and total precipitation of
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Diyarbakir climatic conditions from May to July are pre-
sented in Tab. 1.

O. onites grows natively in the Aegean and western
Mediterranean costal line of Turkey (Baser ez 4l., 1993).
In this study, oregano plants of four years old, was col-
lected from Medicinal and Aromatic Plants collection gar-
den of Department of Field Crops, Faculty of Agriculture,
Dicle University, Turkey. Plants were harvested in three
developing moments, i.c. pre-flowering (28 May 2007),
full-flowering (13 June 2007) and post-flowering (02 July
2007) , six times a day (06:00, 10:00, 12:00, 16:00, 20:00
and 24:00 h) by a randomized collection of 10 individu-
als for each development stage. Plants were cut at 10 cm
above soil levels, air-drying of the plant was performed in a
shady place at room temperature. Then they were used for
the analysis of essential oil composition.

Essential 0il Analysis

Dried plant material (20 g of cach O. onites applica-
tions) was subjected to hydrodistillation for 3h using a
Clevenger type apparatus for determining the oil content
(v/w). The oil composition was determined with GC-MS.
The yields of oil ranged from 2.20 to 4.70% depend of dif-
ferent harvest stages and time of the day.

Tab. 1. Climatic conditions of months during development
stages in 2007

Mean .
) Relative
Temperature Mean Rainfall 7
Months . Humidity
€9) (mm) (%)
Min Max ?

May 49 338 455 755
June 121 395 195 52.0
Juy 194 419 0.0 44.0

GC-MS analyses were conducted in the Plant Physiol-
ogy Laboratory in Biology Dept. of Kahramanmaras Sut-
cu Imam University. Qualification of the oil was analyzed
on an Agilent 5975C Mass Spectrometer coupled with a
Agilent GC-6890II series. The GC was equipped with a
HP-88 capillary column (100 m x 250 pm x 0.20 um film
thickness) . He has used carrier gas with flow rate of 1.0
mL/min. The GC oven temperature was programmed as
follows: 70 oC (1 min), 230 oC at of 10 0C/min and then
kept at 230 oC at 20 min. The injector temperature was
250 oC. The mass spectrometer was operating in EI mode
at 70 V. Split ratio was 20:1. Mass range 35-400m/z; scan
speed (amu/s): 1000.

10puL of the oil was mixed 0.5 ml diethyl ether and 1
uL of the concentrations injected into the column. The
components of the oil were identified by comparing their
retention indices and mass spectra with those of pure au-

thentic samples and NIST98, Willey7n.1 and Flavor2 li-
braries reference compounds.

Data on the mean thymol and carvacrol contents were
analysed statistically using MSTAT-C (Michigan State
University) computer program, and means were grouped

using the least significant difference (LSD) test (p<0.05).
Results and discussion

Our research gives comparative GC/MS analyses of
the O. onites essential oils obtained at three different devel-
opment stages and six different time of the day of the veg-
etative cycle. Twenty-six components were identified in O.
onites oil. These components constituted 81.74-98.84% of
the total oil. The chemical components of O.onites oil due
to harvest stages and time of the day are presented in Tab.
2. The main components of the oil was carvacrol (24.66-
52.58%) followed by thymol (2.80-23.77%), p-cymene
(4.44-7.97%) and y-terpinene (7.02-11.16%) which was
the most abundant components during the vegetative cy-
cle. Many of the studies reported that carvacrol, thymol, p-
cymene, and y-terpinene were found as major components
in oils of O onites. (Baser ez 4l., 1993; Ruberto ez 4l., 1993;
Baydar 2002; Ceylan ez. 4/, 2003; Demirci ez. al., 2004).
The samples of different development stages and time of
the day exhibited an appreciable percent as well: myrecene
(1.68-2.79%), y-terpinene (2.56-4.56%), linalool (0.14-
13.93%), cis-sabinen hydrate (0.81-5.63%), terpinen-4-ol
(1.10-6.16%) and isoborneol (0.99 - 3.24%). The results
of Kizil et. al. (2008) showed that O. onites essential oils
ranged from 42.12 to 57.0% for carvacrol, from 13.21 to
21.88% for thymol, and from 8.23 to 20.28% for linalool.
Also Oflaz et al (2002) reported that carvacrol content of
the oil ranged from 0.9 to 80%, thymol content varied be-
tween 0.5% and 21%.

In terms of y-terpinene, the high content (11.16%)
was obtained from 12: 00 h at post-flowering stages, the
lowest content (7.02%) was obtained from 12:00 h at pre-
flowering stage. The highest p-cymene content (7.97%)
was obtained from 10:00 h at pre-flowering; 16:00 h at
pre-flowering had the lowest p-cymene content (5.24%).
Linalool showed dramatically changes on concentrations
during the development stages and in terms of time of the
day, the highest linalool content (13.93%) was observed at
06:00 h from full-flowering, the lowest content of linalool
(0.14%) was obtained at 10:00 h from pre-flowering. Bay-
dar reported that Origanum oil contain linalool %11.91
- 32.50, p-cymene 1.90 - 6.38%, y-terpinene 0.00 - 3.99%
ve borneol 0.35 - 3.27%. Oflaz et al. (2002) stated that ter-
pinene content of the oregano oil between 0.1 - 4.8%, p-
cymene content between 0.1%- 4.8% and linalool content
between 0.2% - 90.3%. Yaldiz ez al. (2005) also reported
that y-terpinene and linalool ranged from 2.95 to 9.43 %
and from 2.43 to 17.51%. Kizil ez /. (2008) determined
that the content of p-cymene, y-terpinene and linalool
ranged 1.05 - 5.78%, 1.43 - 8.10% and 8.23 - 20.28%, re-
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Tab. 2. Essential oil composition (%) of O. onites obtained from six different times of the day at three different development stages

Development stages  RT* (min) Pre-Flowering Full-Flowering Post-Flowering
Compounds/Hours 06:00  10:00 12:00 16:00 20:00 24:00 06:00 10:00 12:00 16:00 20:00  24:00 06:00 10:00 12:00 16:00 20:00  24:00
o-pinene 1091 - - - - - - 2.28 - - 1.75 0.11 0.96 492 223 0.21 1.76 - -

Camphene 11.40 0.37 0.25 0.21 015 023 0.5 0.42 0.34 0.31 0.39 0.52 0.37 0.63 0.55 0.17 040 039 0.66
Myrecene 11.83 2.18 252 1.77 1.57 247 179 2.06 2.20 224 279 2.85 227 2.66 213 1.68 2.19 2.16 2.61
a-phellandrane 12.05 0.41 0.47 0.33 028 042 029 0.36 0.34 0.42 0.38 0.46 0.45 0.49- 0.37 0.32 0.38 0.32 0.53
a-terpinenc 12.20 3.47 3.80 2.65 256 375 314 2.76 3.04 321 439 4.56 3.66 3.82 2.88 2.76 3.08 276 431
Ocimene 12.42 0.55 0.38 0.09 009 013 0.12 0.37 0.30 0.16 0.09 0.09 0.13 0.07 0.16 0.10 036  0.05 0.14
y-terpinene 12.66 9.18 9.70 7.02 780 955 786 7.78 7.04 8.64 8.78 8.19 8.55 9.86 8.40 777 9.82 722 11.16
Eucalyptol 12.96 0.44 0.36 0.28 028 043 047 0.25 0.49 0.30 0.90 0.77 0.31 0.47 0.42 0.31 039 052 0.49
p-cymene 13.40 7.32 7.97 658 524 602 651 5.74 5.67 6.98 5.56 6.33 6.08 651 543 5.44 621 444 7.04
1-octen-3 ol 14.84 0.51 0.32 0.29 022 022 026 0.21 0.26 023 0.21 0.27 0.21 0.20 0.21 0.26 025 025 0.24
Tran sabinen hydrate 15.70 0.63 0.28 0.40 040 056 094 0.28 0.76 030 0.77 0.51 0.37 0.61 047 043 036  0.66 0.30
Linalool 15.92 0.80 0.14 1.47 991 120 547 13.93 0.32 7.32 6.20 0.16 3.78 0.30 1212 948 1.81 451 0.45

cis- sabinen hydrate 16.74 3.35 1.73 1.86 213 300 5.63 0.81 3.97 1.17 459 342 1.16 2.68 1.89 2.19 1.83 3.49 1.65
a-campholena 1693 0.55 0.38 0.32 030 031 034 0.28 0.35 0.36 0.22 0.36 0.39 0.87 1.40 0.29 059 098 0.65
terpinen-4—ol 17.17 3.07 1.55 1.48 1.80 265 326 1.10 353 1.41 6.16 497 1.24 2.36 1.52 1.85 217 417 2.09
Germacrene-D 17.75 0.87 0.15 0.13 013 012 038 0.12 0.19 0.33 0.11 0.35 0.36 0.80 0.69 0.10 0.48 0.41 0.44
o~ terpineol 18.01 127 0.54 0.49 057 065 096 0.53 0.96 0.53 122 1.12 0.29 0.68 0.55 0.52 0.53 1.12 0.78
Isoborneol 18.38 2.59 1.26 1.10 1.00 106 115 1.69 2.36 1.49 1.83 2.40 175 2.47 2.39 0.99 324 293 2.87
Cyclohexane 18.58 0.13 0.15 0.10 012 011 015 0.12 0.14 0.12 0.15 0.14 0.16 0.11 0.15 0.09 0.15 0.11 0.13
Trans carveol 19.25 1.05 0.15 0.11 0.09 010 0.I1 0.08 0.12 0.13 0.15 0.11 0.08 0.09 0.09 0.22 017  0.12 0.15
Carvone 19.64 0.60 0.24 0.23 015 021 0.15 0.18 0.36 0.21 0.35 0.31 021 0.31 0.24 0.19 0.31 0.46 0.22
Carvenone 20.23 0.75 0.73 0.18 021 021 0.36 0.12 0.11 0.16 0.29 0.17 0.15 0.13 0.12 022 0.18 0.16 0.18
Methyl cinnamate 21.58 1.56 0.06 0.09 0.02 006 0.05 0.28 0.03 0.04 0.05 0.07 0.08 0.03 0.16 0.12 0.04 0.05 0.05
Thymol 2222 14.31 8.25 13.63 1792 17.05 2377 17.69 9.17 1314 1049 1836  22.86 6.97 533 1697 1083 280 18.05
Carvacrol 22.79 2466 5258 4182 3717 4202 3097 3883 5106 4363 3278 40.83  41.00 5042 4076  39.64 4462 5160 3756

a- cadinol 24.90 1.12 0.27 0.76 026 033 035 0.25 0.40 0.39 0.40 0.55 0.43 0.38 0.36 0.25 034 061 0.30
Total 81.74  94.23 83.39  90.37 89.58 94.63 98.52 9353 9322 91.00 9798 9730 9884 91.02 9257 9249 9229 93.01

*Retention time



Toncer, O. et al. / Not. Bot. Hort. Agrobot. Cluj 37 (2) 2009, 177-181

180

spectively. The differences in the reports from the previ-
ously literatures may be associated with the variances in
the factors including genetic, seasonal, temperature, mois-
ture, soil, day length changes on oil production and qual-
ity (Farooqi et al., 1999; Ceylan et. al., 2003; Russo et. al.,
1998; Ruberto ez al., 1993; Yaldiz ez al., 2005; Baydar ez
al., 2004; Gonuz and Ozorgucu, 2003).

Because of high content of carvacrol and thymol in the
oil samples, these two major components were analyzed
statistically. The interaction between harvest time and col-
lecting hours on carvacrol and thymol was found statisti-
cally significant (P<0.05) (Tab. 3. and 4.). The highest car-
vacrol content (52.58%) was obtained from pre-flowering
period and at 10:00 h and the lowest one (24.66%) had at
the same stage but at 06:00 h (Tab. 3.). Carvacrol generally
showed higher mean percentage at post-flowering stages
than the others. Thymol content of oregano oil was high
at pre-flowering at 12:00 h (23.76%) and it was low post-
flowering at 20:00 h (2.79%) (Tab. 4). In general, carvac-
rol percentage of oregano oil was high at the mornings,
whereas thymol content was low at the same time. Also the
observed increase in carvacrol percentage with decreasing
thymol content due to the development stage indicates
a biosynthetic correlation between the two compounds.
Baydar (2002) reported that major components of orega-
no, between carvacrol and thymol show inverse ratio. Sim-
ilarly, Russo ez al. (1998) also reported that chemotypes
form in botanical species, genetically codified enzymatic
equipment directs biosynthesis to the preferential forma-
tion of definite compounds.

Due to collecting hours, significant changes have
shown in thymol and carvacrol content, but it was a non-
linear correlation between collecting hours and flowering
period for these compounds. It may be that the seeds used
have a different genetic structure, because it is known that
synthesis of essential oils may change plant’s genetic struc-
ture (Ceylan ez l., 2005; Baser et al., 1993). The more uni-
form chemical content (thymol, carvacrol, linalool) can be

Tab.3. Content of Carvacrol (%) at different development
stages and hours in day

Development Stages

Collectin
. & Pre- Full- Post-
times (h) i . i Mean
Flowering Flowering Flowering
6" 24.66" 38.834f 50.42: 3797
10% 52.58* 51.06® 40.76% 48.13
12% 41.81% 43,63 39.64%¢ 41.69
16" 37.17¢% 32.78% 44,620 38.19
20% 42.02% 40.83% S1.60% 44.82
24% 30,978 40.94% 37.564% 36.99
Mean 38.20 41.34 44.10
LSD (0.05)* Harvest stages™ hours of day = 7.24

*Values fallowed by the same lecter in a column do
not differ significantly according to LSD.

Tab. 4. Content of Thymol (%) at different development stages
and hours in day.

Development Stages

C'ollectmg Pre- Full- Post-
times (h) i . ) Mean
Flowering Flowering Flowering
6" 1431 17.53< 6.97" 12.94
10% 8.250shi 9.17%h 5330 7.58
12% 13.64¢4F 13,144 16.97< 1458
16" 17.92bd 10.49¢fh 10.82¢%h 13.08
20" 13,77 18.36" 279 11.64
24% 23.76" 22.85% 18.055¢ 21.56
Mean 15.27 15.28 10.16
LSD (0.05)* Harvest stages* hours of day = 5.12

*Values fallowed by the same leceer in a column do
not differ significantly according to LSD.

determined via plant breeding to be high desirable chemi-
cal content in the next studies.

As aresult, O.onites growing in Southeastern Anatolia
of Turkey biosynthesized essential oils with carvacrol fol-
lowed by thymol, p-cymene and y-terpinene as the main
constituents. The highest carvacrol content (52.58%) was
obtained from 10:00 h at pre-flowering stages, the highest
thymol content was obtained from 24:00 h at pre-flower-
ing stages as 23.77 %.
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