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Abstract

Satureja hortensis L., (summer savory) is an annual, herbaceous aromatic and well-known
medicinal plant. S. hortensis essential oil has a high percentage of carvacrol which is responsible mainly for
its biological activity. The biomass production, essential oil composition and mineral content of Satureja
hortensis are known to be dependent on its growth and development conditions. The aim of this work was,
therefore, to evaluate the essential oil composition as well as minerals content at different stages of
growth of Satureja hortensis. The growth media was 10 cm diameter pots containing perlite watered using
Hoagland nutrient solution. Plants were harvested at different stages of growth (before flowering and after
flowering period) and dry weights were measured. The essential oils were analyzed by GC-MS. Before
flowering stage and in full flowering stage, 29 compounds were characterized. In both stages, carvacrol
showed the highest rates of the compounds an increasing trend from before flowing to flowering so that it
changed from 47.77% to 49.96% whereas a-terpinene and cymene had a decreasing trend from before
flowing to flowering stage. There was a rapid uptake of minerals during early growth and gradual dilution as
the plant matured. Phosphorus and magnesium concentrations increased with expansion of growth and
development in shoots and roots.
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Introduction
The genus Satureja L. (savory, saturei) plant, native to southern Europe and naturalized
includes more than 30 species belonging to the in parts of North America (Sefidkon et al., 2006).,
family Lamiaceae, subfamily Nepetoideae, tribe which is used as a spice and traditional herb in
Mentheae (Cantino et al., 1992). Satureja Iran.The aerial parts of some Satureja plants have
hortensis L., (summer savory) is an annual, been widely used in foods as a flavor component
herbaceous aromatic and well-known medicinal and in folk and traditional medicine (Zargari,
) 1990; Baytop, 1997; Madsen et al.,, 1998;
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antidiarrheal, antioxidant, sedative and
antimicrobial properties (Zargari, 1990;
Hajhashemi et al., 2000; Gursoy et al., 2009). S.
hortensis essential oil has a high percentage of
carvacrol which is responsible mainly for its
biological activity (Deans and Svoboda, 1989;
Martini et al., 1996). It is a common
understanding that chemical constituents of
medicinal plants and therefore their biological
activities are influenced by the genetic and
environmental factors (Heywood, 2002).

The essential oil of aromatic plants is
mostly produced by specialized cell structures
and stored in specially formed storage
compartments in the plant (Fahn, 1979).
Literature review on essential oil composition in
Satureja species shows it to be rich in phenolic
components such as carvacrol, gama-terpinene,
thymol, p-cymene, B-caryophyllene, linalool and
other terpenoids. However, chemical
composition and the amount of components
show variation between oils of different Satureja
species (Baher et al., 2002; Baser et al., 2004;
Kurcuoglu et al., 2001; Novak et al., 2006; Rojas
and Usubillaga, 2000; Sefidkon et al., 2006;
Svoboda et al., 2006; Viturro et al., 2000). The
biosynthesis of secondary metabolites in
medicinal and aromatic plants is strongly
influenced by environmental factors and plants
growth stage (Stutte, 2006). These conditions
cause variations in the fresh and dry weight, as
well as active components.

Contents of inorganic elements are very
important traits in plants. Some of the elements
have causal effects on plant growth. Also, their
effects on plant metabolism and therefore
quantity of essential oils are important issues.
Measurement and determination of elements
such as K, Na, Ca, Mg, Mn, Zn and Cu of minerals
in plants led to find some critical information
about the relationship between plant and
medium for application of the plant in medicinal,
hygienic and adornment uses (Macrae et al.,
1993). The major minerals serve as structural
components of tissues, functioning in cellular,
basal metabolism, and water and acid-base
balance (Macrae et al.,, 1993; Nielsen, 1984;
Smith, 1988). The nutritional and medicinal
properties of these plants may be interlinked
through photochemical, both nutrient and non-

nutrient (Ranhotra et al., 1998). Therefore,
qguantifying and qualifying medicinal plants oil
component and minerals in different growth
stages are an important issue. In the present
investigation, we identified and compared the
composition of Satureja hortensis L. essential oil
and minerals in two stages of plant growth.

Materials and Methods

Isolation and GC-MS analysis of essential oils

Mature seeds of S. hortensis were
sterilized in 70% ethanol for 1 min and then by
0.1% mercuric chloride for 5 min, followed by
three washes of sterile distilled water. After
sterilization, seeds were germinated in pots filled
with perlite. The uniform seedlings were fed with
modified 10% Hoagland nutrient solution
containing: 0.2 mM KH,PO,, 0.8 mM
Ca(NO3),;.4H,0, 1 mM  KNO;, 04 mM
MgS0,.7H,0, 15 uM FeEDTA, 10 uM H;3BOs, 3 uM
MnCl,.4H,0 , 0.2 pM ZnSO,.7H,0, 0.2 pM
CuS0,4.5H,0, 0.1 pM Na,.Mo00,.2H,0. Nutrient
solution pH was adjusted daily to 5.8 with 0.1M
NaOH or 0.1M HCIl. Plants were grown in
greenhouse with photo period of 16/8 h
light/dark cycles and light intensity approximately
at 280 mmolm™ s, day/night temperature were
adjusted at 26/20 'C . The nutrient solution was
renewed every day. After the seedlings
established, the pots were transferred to a
growth chamber (Walking Conviron Growth
Chamber) with mentioned adjustments and
treatments.

The aerial parts of S. hortensis cultivated
in growth chamber, were collected in two stages
of plant growth (before flowering and after full
flowering). Air-drying of plant material was
performed in a shady isolated sterile place at
room temperature for 30 days. Dried aerial parts
(50 g) were cut and subjected to hydro-
distillation for 3 h, using a Clevenger-type
apparatus according  to the method
recommended in British Pharmacopoeia (1993).
The resulting essential oil was dried over
anhydrous sodium sulfate and stored in tightly
closed dark vials at 4 C until analysis.

GC analysis was performed using a
Thermoquest gas chromatograph with a flame
ionization detector (FID). The analysis was carried
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out on fused silica capillary DB-5 column (30 m x
0.25 mm i. d.; film thickness 0.25 um). The
injector and detector temperatures were kept at
250 °C and 300 °C, respectively. Nitrogen was
used as the carrier gas at a flow rate of 1.1
ml/min; oven temperature program was 60-250
°C at the rate of 4 C/min and finally held
isothermally for 10 min; split ratio was 1:50.

GC-MS analysis was carried out by use of
Thermogquest-Finnigan gas chromatograph
equipped with fused silica capillary DB-5 column
(60 m x 0.25 mm i. d.; film thickness 0.25 um)
coupled with a TRACE mass (Manchester, UK).
Helium was used as carrier gas with ionization
voltage of 70 eV. lon source and interface
temperatures were 200 °C and 250 °C,
respectively. Mass range was from 35 to 456
AMU (atomic mass unit). Oven temperature
program was the same as mentioned above for
the GC.

Determination of mineral contents

The aerial parts and root of S. hortensis
were collected and air-drying of plant material
was performed in a shady place at room
temperature for 30 days. About 10 g dried and
ground sample was put into a burning cup and
sample was incinerated in a MARS 5 Microwave
Oven at 550 °C for 2 h (Indian Standard, 1972)
then 15 ml pure HNO3 was added. Dissolved ash
was diluted to a certain volume with distilled
deionized water. Minerals were determined by
following methods: calcium and magnesium by
complexometry (Walsh, 1971), sodium and
potassium by flame photometer (Corning 410)
(Qupta, 2000; Tandom, 1995) and phosphorous
by spectrophotometer (Tomas 302) (Cottenie,
1980).

Results

From the collected plant material of S.
hortensis L., 2.05% (v/w) of essential oil was
isolated by the process of hydro-distillation. The
oil was intensively yellow in color, with a
characteristically strong and pleasant odor. The
composition of the essential oil constituents
isolated from the aerial parts of S. hortensis by
two stages of plant growth, are presented in
Table 1.

Before flowering stage the major
components were carvacrol (47.77%), vy-
terpinene (17.988%), and cymene (5.038%) and
at full flowering stage carvacrol (49.96%), n- hexa
decanoic acid (2.596%), cymene (2.537%), B-
bisabolene (2.525%) and y-terpinene (2.396%)
were identified as constituents of the oil.

The mineral compositions of S. hortensis
Table 1

Comparison of S. hortensis essential oil in two stages of
plant growth

Before Full
No. Constituents RI° flowering  flowering
(%) (%)
1 a-thujene 924 1.125 0.315
2 a-pinene 932 0.831 0.402
3 Sabinene 969 0.373 0.394
4 B- mycrene 988 1.412 0.770
5 1-phellandrene 1025 0.436 0.256
6 a-Terpinene 1014 3.76 2.396
7 Cymene 1020 5.038 2.537
8 6-3- careen 1031 0.652 0.425
9 y- Terpinene 1054 17.988 0.053
10 a-terpinolene 1186 0.116 0.133
11 Carvacrol 1241 0.342 1.067
methyl ether
12 Carvacrol 1298 47.77 49.96
13 Eugenol 1356 0.486 1.315
14 Trans 1419 0.541 0.844
Caryophylene
15 Aaromandrene 1439 0.283 0.308
16 B- lonone 1472 0.077 0.187
17 Ledene - 0.303 0.390
18 B- bisabolene 1504 1.609 2.525
19 a-Bisabolene 1506 0.214 0.291
20 Spathulenol 1577 0.343 0.315
21 Diphenyl 1622 0.228 0.744
methanone
22 Isobutyl - 0.160 0.470
phthalate
23 Tricyclene - 0.418 0.499
24 Methyl - 0.283 0.775
phthalate
25 Dibuthyl 1974 0.609 0.971
phthalate
26 n- hexadecanoic 1970 1.286 2.596
acid
27 Linolenic acid - 1.692 1.708
methyl ester
28 Neophytadiene - 0.392 0.371
29 Ethyl linoieolate - 1.105 1.051

RI*: Retention index
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Table 2

Mineral composition and organic matter content of S. hortensis in two stages of plant growth

sample Organic matter Potassiylm Magnesiijm CalciuT Phosphq[us
(%) (mg 100 g~ dw) (mg 100 g~ dw) (mg 100 g™ dw) (mg 100 g~ dw)
Aerial before Flowering 85.2 302.54 72.5 112.5 297.31
Aerial Flowering 86.3 253.71 68 94 243.7
Root before Flowering 87.7 228.29 94 50 291.202
Root Flowering 87.5 224.69 85 30 296.25

which were measured in two stages of plant
growth are shown in Table 2. Potassium content
at all stages of maturity was higher than 200 mg
100 g dw. The shoot fraction of S. hortensis had
generally higher content of potassium, and with
growth and development this decreased from
302.5t0253.7 mg 100 g™ dw.

In the second developmental stage,
phosphorus content in aerial part was higher
than the first stage (before flowering) but in
roots, content of phosphorus increased from
291.2 (the first stage) to 296.25 mg 100 g* dw
(the second stage).

Calcium plays a very important role in
plant growth and nutrition, as well as in cell wall
deposition and increasing mechanical strength of
the plant. Much higher content of calcium (from
94 to 112.5 mg 100 g* dw) were found in the
aerial parts than in the roots (the highest value
50 mg 100 g dw in the first, and the lowest 30
mg 100 g' dw in the second stage of
development).

Discussion

The results of this study showed that the
oils obtained from the different phonological
stages had similar compositions and the main
compounds were carvacrol (47.77%), y-terpinene
(17.988%), and cymene (5.038%). The time of
harvesting of this plant materials did not have a
major effect on chemical composition of the
essential oil although time has important effects
on the essential oil content of the plant and the
flowering stage is generally the best time for
harvesting the plant and obtaining the essential
oil because at this stage the plants contain
highest percent of the essential oil.

Variation in essential oil content and
composition of S. hortensis L. and some other

native plants of Kurdistan province from different
origins has been reported by several authors
(Baser et al., 2004: Ghasempour et al., 2007;
Taran et al.,, 2011 and Zebarjadi et al.,, 2011).
Therefore, thymol (29-43%) was the major
component of wild accessions of Satureja
hortensis L. and oil content of the accessions
varied between 1.28% and 4.75%. In case of
cultivated accessions, carvacrol (42.0-63.0%) was
the major component and oil content ranged
from 1.30% to 2.67% (Baser et al., 2004).

The percentage of carvacrol in 34 S.
hortensis populations investigated by Pank et al.,
(2004) ranged between 54.2% and 88.3% and the
oil content varied between 1.28% and 3.5%.
Galambosi et al., (2002) reported carvacrol
content of 59.3-65.1% for the essential oil S.
hortensis cv.

Contents of inorganic elements are very
important in plants. Furthermore, different
stages of plant maturity affect the concentration
of a number of minerals in S. hortensis. The aerial
part tissues contained higher concentrations of
elements, except magnesium. In  both
investigated plant anatomical fraction, the
highest content of elements were in the first
stage of growth. Also, potassium and calcium
decreased markedly with increasing maturity,
while phosphorus did not greatly alter by stage of
maturity.

The main role of potassium is to provide
the appropriate ionic environment for metabolic
processes in the cytosol, and as such functions as
a regulator of various processes including growth
regulation. Plants require potassium ions for
protein synthesis and for the opening and closing
of stomata, which is regulated by proton pumps
to make surrounding guard cells either turgid or
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flaccid (Oborn et al., 2003). Therefore, potassium
tends to be stored in the aerial parts.

Phosphorus is vital to plant growth and is
found in every living plant cell. It is involved in
several key plant functions, including energy
transfer, photosynthesis, transformation of
sugars and starches, nutrient movement within
the plant and transfer of genetic characteristics
from one generation to the next (White et al.,
2003).

The calcium concentration in S. hortensis
decreased with growth and development. This
data are in agreement with those reported by
Ignjatovi¢ et al., (1998). Although shoots are
generally high in calcium, the availability of
calcium in some shoots may be low because of
the presence of calcium oxalate. As in alfalfa, 20
to 33 % of the calcium was present as insoluble
calcium (Martz et al., 1990).

Magnesium is closely associated with
calcium and phosphorus, and the magnesium
content of forage crops varies widely. Magnesium
is an important part of chlorophyll, a critical plant
pigment important in photosynthesis. Also, it is
important in the production of ATP through its
role as an enzyme cofactor (White et al., 2003).
The concentration of magnesium declined with
growth and development in S. hortensis shoots
and roots. The highest magnesium content was in
the first stage of development (72 and 94 mg 100
g™ in shoot and root dry weights, respectively).

Calcium plays a very important role in
plant growth and nutrition, as well as in cell wall
deposition and increasing mechanical strength of
the plant. Therefore, much higher content of
calcium (from 94 to 112.5 mg 100 g dw) were
found in the aerial parts than in the roots (the
highest value 50 mg 100 g™ dw in the first, and
the lowest 30 mg 100 g"* dw in the second stage
of development).
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