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Abstract A protocol for in vitro propagation of the wild
germander (Teucrium polium L.) was developed. In vitro
plants were developed from ex vitro axillary buds. Then,
shoot tips were excised and established on Murashige and
Skoog medium. Proliferation of shoots was tested with
different levels of 6-furfurylaminopurin, 6-benzyladenine,
or thiadiazuron. The highest proliferation of T. polium was
obtained when 6-benzyladenine and 6-furfurylaminopurin
were used at 2.0 and 1.6 mg l−1, respectively. Thiadiazuron
gave the lowest response for shoot proliferation. Rooting
was experimented at different levels of Indol-3-butric acid,
Indol-3-acetic acid, or 1-naphthaleneacetic acid. 1-
Naphthaleneacetic was the only growth regulator which
promoted root induction. Rooted plants were acclimatized
successfully with 75% survival and grown in the green-
house. In vitro- and in vivo-grown plants were analyzed for
essential oil production. In vitro-grown T. polium on MS
medium supplemented with 6-benzyladenine and 1-
naphthaleneacetic gave higher oil yield than that grown on
hormone-free Murashige and Skoog medium. In vivo (wild)-
grown T. polium produced different oil yield when collected

in different months (April and October). β-caryophyllene,
used as a marker compound in the essential oil, was
identified and quantified by gas chromatography (GC)
analysis. Gas chromatography/mass (GC-MS) spectrometry
analysis was also used to identify other components of in
vitro cultures and to compare with in vivo-grown plants.
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Introduction

Germander (Teucrium polium L.) or Jaa’deh, as it is locally
known in Jordan, belongs to the Labiatae family (Oran and
Al-Eisawi 1998). It flourishes mainly in the wild in the
Mediterranean region and can be found in Iraq, Saudi
Arabia, and Egypt (Feinbrun-Dothan 1986). It is found
flowering from March to April, usually in rocky mountains
and marginal areas, and is characterized as a dwarf,
pubescent aromatic herb possessing oval leaves with
enrolled margins 1–3 cm long, sessile, oblong, or linear;
the stems end in a shortly paniculate or corymbose
inflorescences (Feinbrun-Dothan 1986) and dense heads
of white flowers (Al-Eisawi 1982). T. polium is an edible
medicinal plant which possesses diverse biological activi-
ties. It is widely used in folk medicine; an infusion of the
aerial parts is used for abdominal colic and headache, as
vermifuge, depurative, antispasmodic, and antidiabetic, and
to treat kidney stones (Al-Khalil 1995; Oran and Al-Eisawi
1998; Abu-Irmaileh and Afifi 2000). Different chemical
compounds have been isolated and identified from T.
polium worldwide, principally: tridoids and flavonoids
(Rizk et al. 1986), neo-clerodanediterpenoids (Alcazar et al.
1992; Bedir et al. 1999), abietane diterpenoids (Cuadrado et
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al. 1992), and furanoidditerpenes (Malakov and Papanov
1983). Utilizing gas chromatography (GC) and gas chroma-
tography/mass spectrometry (GC-MS) analysis, several
research groups have evaluated the essential oil of T. polium
grown in different geographic areas and revealed the
presence of several compounds varying in their major
constituent(s) and their concentration depending on the
geographic origin (Hassan et al. 1979; Rizk et al. 1986;
Cakir et al. 1998; Eikani et al. 1999; Aburjai et al. 2006;
Kabouche et al. 2007).

T. polium biodiversity has declined dramatically in
recent years, and some have become extinct totally in the
wild, which could be attributed to several reasons: habitat
encroachment by urban and agricultural development,
deforestation, deterioration of rangelands by overgrazing
and soil erosion, illegal collection, and depletion of major
water resources (Wardam 2006). Therefore, there is a need
to propagate T. polium for its medicinal use and to conserve
it from being an endangered medicinal plant. Plant tissue
culture techniques are considered as powerful tools for
propagating high numbers of plant species and production
of the essential oil (Conger 1981). Acclimatization is the
final, but necessary, step in all micropropagation schemes
(Van Huylenbroeck and Debergh 1996). Most species
grown in vitro require an acclimatization process to support
plant survival and growth when transferred to soil (Ebrahim
et al. 2007). Several medicinal plant species of the Labiatae
family were studied in vitro: Mentha spp. (Čellárová 1992),
Origanium (Borovec 1988; Kumari and Saradhi 1992;
Shetty et al. 1995; Svoboda et al. 1995; Arafeh et al.
2003), and Salvia (Arikat et al. 2004). There are some in
vitro studies that have been carried out with Teucrium
species, such as an in vitro plant regeneration system for
Teucrium stocksianum Boiss (Bouhouche and Ksiksi 2007)
and T. stocksianum (Bouhouche and Ksiksi 2003).

Essential oil studies on T. polium collected from different
geographical regions revealed that β-caryophyllene was found
in multiple analyses (Hassan et al. 1979; Rizk et al. 1986;
Cakir et al. 1998; Eikani et al. 1999; Aburjai et al. 2006;
Kabouche et al. 2007). The sesquiterpene β-caryophyllene is
a major plant volatile found in large amounts in the essential
oils of many different spice and food plants, such as oregano
(Origanum vulgare L.), cinnamon (Cinnamomum spp.), and
black pepper (Piper nigrum L.); (Mockute et al. 2001;
Jayaprakasha et al. 2003; Orav et al. 2004). In T. polium,
the composition of the essential oil is varied according to
region. In previous studies and a preliminary work conducted
in our lab, β-caryophyllene was found as a component of the
essential oil of T. polium in most regions studied (Hassan et al.
1979; Rizk et al. 1986; Cakir et al. 1998; Eikani et al. 1999;
Aburjai et al. 2006; Kabouche et al. 2007). Therefore, it was
used as a standard to study the essential oil in the current
study.

To our knowledge, there is no reported literature on the
in vitro propagation or secondary metabolites (i.e., essential
oils production) of in vitro-grown T. polium. Therefore, this
study was initiated to develop a protocol for in vitro
establishment, multiplication, rooting, and acclimatization
of T. polium L. as well as to study the essential oil content
and its constituents of volatile components in vivo and to
compare them with in vitro-grown plants.

Materials and Methods

Plant material. Axillary buds of T. polium L. were
collected from the wild in November and December 2007
in the Northern part of Jordan from Ain Janna in Ajloun
(long. 35°45′36″ E, lat. 32°19′48″ N). Axillary buds of T.
polium L. were surface-sterilized by washing thoroughly
under running tap water for 15 min with a few drops of
mild detergent, antibacterial soap (devomycin 5 mL L−1

water), and fungicide powder (Benomyl 10 g l−1 water).
Then, they were dipped in antiseptic solution of 3.5%
sodium hypochlorite for 5 min, followed by washing under
running tap water for 15 min. Axillary buds were
transferred into ethanol 70% (v/v) for 30 s and then rinsed
with sterile distilled water three times (15 min each) under
laminar air flow cabinet.

In vitro establishment. Axillary bud growth and develop-
ment. Sterilized buds were inoculated on the surface of
half-strength Murashige and Skoog (1962) (MS) media
supplemented with 2.0 mg l−1 gibberellic acid (GA3).
Afterwards, aseptically grown cultures were directly sub-
cultured to MS media without growth regulators for
further growth in the growth room (16/8-h light/dark),
photoperiod (photosynthetic photon flux density=40–
45 μmol m−2 s−1), at 24±1°C). Then, microshoots (10–
12 mm) were sub-cultured on the surface of MS media
supplemented with 0.5 mg l−1 6-furfurylaminopurin
(kinetin) and 0.1 mg l−1 naphthalene acetic acid (NAA)
for mother stock multiplication.

In vitro multiplication and rooting. Shoot multiplication.
Nodal segments (10–12 mm) were sub-cultured in
Erlenmeyer flasks (250 mL) containing 50 mL of solid
MS medium. The medium was supplemented with plant
growth regulators 6-benzyladenine (BA), kinetin, or
thiadiazuron (TDZ) at different concentrations (0.0, 0.4,
0.8, 1.2, 1.6, or 2.0 mg l−1) and 0.1 mg l−1 NAA. Data
were reported after 5 wk for the number of proliferated
shoots, shoot height, and number of leaves/explants.
Treatments were arranged in a completely randomized
design with five replications (with two explants in each
replicate).
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Rooting. Microshoots (10–12 mm long) were grown on a
plant growth regulator-free medium for 2 wk to eliminate
any carryover effect of cytokinin that might inhibit or
reduce rooting. Individual 10 to 12-mm-long microshoots
were transferred to 1.5×150-mm culture test tubes contain-
ing 12 mL of solid MS rooting medium supplemented with
different plant growth regulators Indol-3 butyric acid (IBA),
NAA, or Indol-3 acetic acid (IAA) at 0.0, 0.1, 0.4, 0.8, 1.2,
1.6, or 2.0 mg l−1. Each level was represented in ten
replicates. Data were reported after 5 wk for the number of
roots, root length, and shoot height for each treatment.

Ex vitro acclimatization. Three days before acclimatization,
the cotton plugs were removed from culture tubes contain-
ing in vitro-rooted microshoots. In vitro-rooted plants were
then removed from test tubes and the agar was removed by
gentle washing with tap water. Then, plants were trans-
ferred to peat/perlite 1:1 mixture in plastic pots mixed with
10 mL of benomyl fungicide solution (10 g l−1) and
covered with a beaker; water was sprayed continuously to
avoid wilting. Plants were acclimatized under 16 h of
supplementary light of 40 μmol m−2 s−1, 8-h dark for 3 wk
at 24±2°C. Relative humidity was gradually reduced from
95% at the beginning of acclimatization to 70% at the end
of acclimatization period. Survival percentage was recorded
at the end of 3 wk. Acclimatized plants were transferred to
a greenhouse (air temperature 25±2°C day/19±2°C night)
and planted in a mixture of soil (clay-loam)/perlite 1:1 in
17.5×17.5-cm plastic pots and overhead irrigated.

Determination of essential oil content in T. polium L. Plant
material. Fresh samples of T. polium L. were collected from
the wild in April and October 2008 in the Northern part of
Jordan from Ain Janna in Ajloun (the same place from
which the axillary buds of T. polium L. have been collected
as outlined in “Plant material” under Materials and
Methods”). The collected materials were preserved in paper
bags for in vivo essential oil analysis. Two in vitro plant
samples were also processed for essential oil analysis. One
was grown in plant growth regulator-free MS medium and
the other one on solid MS medium supplemented with
0.5 mg l−1 BA and 0.1 mg l−1 NAA.

Essential oil extraction. Essential oils were extracted from
fresh finely chopped plant material by steam distillation
using essential oil distillation apparatus. Distillation was
performed using 100 g of fresh plant material in 250 mL
distilled water for 3 h. The temperature was set at 70°C and
then adjusted after boiling to 50°C. The distillate was
collected in a flask surrounded by ice to aid cooling. The
essential oil was recovered from the distillate by shaking
with a mixture of hexane/dichloromethane (1:1) using a
separatory funnel. The organic layer was then evaporated

using a rotary evaporator, leaving the essential oil. The
essential oils obtained were dried over anhydrous sodium
sulfate and stored in dark glass vials at 4°C until required
for analysis. The percentage yield of the obtained oil for the
in vivo and in vitro samples was calculated as weight (g) of
essential oil per 100 g of plant fresh material.

Essential oil analysis. Gas chromatographic method was
used for the identification and quantification of the marker
compound β-caryophyllene in T. polium essential oil using
external reference standard of β-caryophyllene (Sigma-
Aldrich, St. Louis, MO). β-caryophyllene was identified by
matching its recorded mass spectrum with the NIST library
database (National Institute of Standards and Technology,
Gaithersburg, MD) provided by the instrument software and
by comparing its retention time value with the reference
standard analyzed under the same experimental conditions.
Essential oil of the in vitro and in vivo samples, 3.5 and
9.17 mg, respectively, were accurately weighed and diluted
separately with n-hexane (96% for pesticide residue analysis)
in 10-mL volumetric flasks. Aliquots (1 μl) were injected into
the GC. The concentration of β-caryophyllene was calculated
by interpolation using a constructed six-point external
standard calibration curve (5, 10, 20, 40, 80, and 95 ppm).

The composition of the essential oils of the in vivo and in
vitro T. polium was determined using GC-MS (Varian 3800
GC equipped with Varian Saturn 2200 MS, Santa Clara, CA).
VF-ms-5 column was used (30 m×0.25 mm×0.25 μm). The
carrier gas was He (99.999 pure) with a flow rate of
0.9 mL L−1. The injector temperature was held at 250°C,
while the column oven temperature was held at 100°C for
3 min and then increased at a rate of 10°C to 250°C. The total
run time was 19 min. The mass detector was set to scan ions
between 40 and 500 m/z. The volatile oil compounds were
identified by matching their recorded spectra with the data
bank mass spectra (NIST) provided by the instrument
software and by comparing their retention index values with
those in the literature. Only matching spectra of a large degree
of certainty using reverse-fit modes were accepted.

Statistical analysis. Each experiment was set up as a
completely randomized design. The collected data were
statistically analyzed using Statistical Analysis System
(SAS, Cary, NC, 2001). Means were separated according
to the least significant difference (LSD) test at the 0.05
level probability.

Results

In vitro establishment. Successful in vitro establishment of
T. polium L. was achieved in this study from axillary buds
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development. Growth from buds was shown after 2 wk of
inoculation. Also, some plants were regenerated from the
callus at the base of the explants. The highest percentage of
developed shoots was achieved on MS or half-strength MS
medium supplemented with 2.0 mg l−1 GA3.

In vitro shoot multiplication and rooting. In this study, no
significant differences were noticed between control treat-
ments—C1 (without 0.1 mg l−1 NAA) and C2 (with
0.1 mg l−1 NAA)—during the 5 wk of incubation, and no
callus was observed on the basis of these microshoots.
Table 1 shows the effect of different concentrations of BA,
kinetin (Kin), and TDZ in combination with 0.1 mg l−1

NAA on shoot multiplication of T. polium L. It is clear that
after 5 wk of culture, multiplication parameters and growth
performance of T. polium L. responded significantly to

increased BA concentrations up to 2.0 mg l−1, as shown in
Fig. 1a. Shoot length and number of leaves produced from
microshoots cultured on MS medium supplemented with
0.4, 0.8, 1.2, and 1.6 mg l−1 BA were not significantly
different from each other. Callusing occurred at the base at
all BA concentrations, the largest at 1.6 mg l−1 BA.

It is obvious that the continuous increase in Kin
concentrations up to 1.6 mg l−1 increased significantly the
number of shoots up to 15.3 (Table 1 and Fig. 1b), but
when the concentration of Kin increased to 2.0 mg l−1, the
proliferation was inhibited as with control treatments C1
and C2. The highest shoot length of 2.9 cm was obtained at
the low level, 0.4 mg l−1 of Kin. Highest leaf numbers were
obtained at 1.2 mg l−1 Kin (11.6 average of leaves/
explants).

No significant difference was shown between both
controls as compared with TDZ concentrations, except for
0.8 mg l−1 which gave 8.9 shoot/explants (Table 1 and
Fig. 1c) and 2.6-cm shoot height. Also, there were no
significant differences between all treatments with TDZ on
shoot length and number of proliferated shoots. The highest
average leaf number (11.6 of leaves/explants) was obtained
at 1.2 mg l−1. A large callus was obtained at the base of
microshoots in all concentrations of TDZ used, except the
control treatments.

There was no rooting induction among rooting experi-
ments conducted with IBA or IAA at the given concen-
trations. Table 2 shows the effect of different concentrations
of NAA on the rooting parameters of T. polium L. Roots
were obtained only at levels of 0.8, 1.2, and 1.6 mg l−1 of
NAA. Rooting percentages for these levels were 100%. The
best rooting was obtained at 0.8 mg l−1 NAA (Fig. 2a). It
gave the highest number of roots, root length, and shoot
height, but it gave a large callus on the base of the plant.

Ex vitro acclimatization. In vitro-rooted plants of T. polium
L. showed survival percentage of 75%. Acclimatized plants
appeared normal and did not exhibit any morphological
abnormalities, as shown in Fig. 2b.

Determination of essential oil content in T. polium L. The
percentage yield of the obtained oil for the in vivo and in
vitro samples was calculated as weight (g) of essential oil
per 100 g of plant fresh material, and the results obtained
are given in Table 3. In vivo (wild) T. polium samples
showed higher percentage oil yield than in vitro samples.
Wild T. polium sample, which was collected in April 2008,
showed the highest percentage yield (0.55%, w/w) of oil,
while the oil’s percentage yield of the wild sample which
was collected in October 2008 was found to be 0.47% (w/
w). For the in vitro samples, the sample which was grown
on solid MS media supplemented with 0.5 mg l−1 BA and
0.1 mg l−1 NAA showed the highest percentage of (0.40%,

Table 1. Effect of different BA, Kin, and TDZ concentrations on
number of shoots, shoot length, average number of leaves/explants,
and callus diameter of in vitro-grown T. polium L.

Growth reg.
(mg L−1)

No. of
shoots

Shoot
length
(cm)

Average leaves
number/microshoot

Callus
diameter
(mm)

BA

C1z 1.1 bcy 1.4 cb 8.9 bc 0.0 c

C2 1.0 c 1.0 c 6.2 c 0.0 c

0.4 1.0 c 1.5 b 11.0 ab 0.8 cb

0.8 2.5 bc 1.6 b 11.8 ab 1.8 b

1.2 1.2 bc 1.5 cb 10.8 ab 0.8 cb

1.6 3.3 b 1.6 b 9.3 abc 3.6 a

2.0 8.8 a 2.3 a 12.4 a 1.4 b

Kin

C1z 2.0 cy 1.3 c 8.1 ab 0.0 c

C2 2.0 c 1.2 c 7.9 a 0.0 c

0.4 10.5 ab 2.9 a 8.9 ab 4.6 b

0.8 5.2 bc 2.4 b 9.8 ab 5.0 b

1.2 6.1 bc 2.5 b 11.6 a 3.6 b

1.6 15.3 a 2.6 ab 8.9 ab 4.0 b

2.0 2.3 c 1.1 c 7.7 b 7.8 a

TDZ

C1z 2.0 by 1.4 c 8.4 ab 0.0 c

C2 2.2 b 1.3 c 8.4 ab 0.0 c

0.4 1.5 b 1.6 c 5.1 b 6.2 b

0.8 8.9 a 2.6 a 8.4 ab 9.9 a

1.2 1.0 b 1.7 cb 11.6 a 6.8 b

1.6 1.1 b 1.5 c 10.0 a 6.4 b

2.0 1.1 b 2.2 ab 9.8 a 8.8 ab

z C1 and C2 represent control treatments (without and with 0.1 mg l−1

NAA), respectively
yMeans within column having different letters (for each growth regulator)
are significantly different according to the least significant difference (LSD
at the 0.05 level of probability)
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w/w) oil yield. The other in vitro sample, which was grown
on hormone-free MS medium, showed the lowest percent-
age yield of only 0.18% (w/w). In the current study, the
difference in the amounts of essential oils extracted from in
vitro and in vivo plant materials could be attributed to the
fate of the glandular trichomes to which the synthesis of
chemotype is restricted.

Essential oil analysis. β-caryophyllene was detected in the
in vivo sample which was collected in April 2008 (Table 3
and Fig. 3) and in the in vitro sample which was grown on
solid MS media supplemented with 0.5 mg l−1 BA and
0.1 mg l−1 NAA (Table 3 and Fig. 4). No β-caryophyllene
was detected in either the in vivo sample which was
collected in October 2008 or in the in vitro sample which

was grown on hormone-free MS media. T. polium sample
which was grown on solid MS medium supplemented with
0.5 mg l−1 BA and 0.1 mg l−1 NAA was found to have the
highest (3.0%, w/w) total β-caryophyllene content, while T.
polium sample which was collected from the wild in April
2008 showed total β-caryophyllene content of only (0.4%,
w/w), (Table 3).

The composition of the essential oils of the in vivo T.
polium, which was collected in October 2008, and the in
vitro T. polium, which was grown on hormone-free MS
medium, was determined using GC-MS. The results are
presented in Table 4. The volatile components that were
commonly identified in the two samples (in vitro and in
vivo) were linalool, verbenol, endobornyl acetate, and (+)-
Spathulenol.

b

1.6 mg/L 
Kinetin 

c

0.8 mg/L TDZ 

BA 2.0 mg/L 

a b
Figure 1. Effect of (a) 2.0 mg/
L BA, (b)1.6 mg/L kinetin, (c)
0.8 mg/L TDZ treatments on
shoot length, number of leaves/
explants, and number of prolif-
erated shoots, respectively, of in
vitro-grown T. polium.
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Table 2. Effect of different NAA concentrations on number of roots, root length, shoot height, number of leaves/explants, and callusing of in
vitro-grown T. polium L.

NAA conc. (mg L−1) No. of roots Root length (mm) Shoot length (cm) No. of leaves/explants Callus diameter (mm)

0.0 0.0 cz 0.0 c 2.5 b 12.7 a 0.6 d

0.1 0.0 c 0.0 c 1.9 b 9.6 cb 2.5 cd

0.4 0.0 c 0.0 c 1.9 b 11.1 ab 3.2 bcd

0.8 15.8 a 6.9 a 3.8 a 10.7 ab 12.9 a

1.2 4.1 b 1.9 b 1.7 b 7.6 c 5.6 b

1.6 1.9 cb 2.0 b 1.9 b 8.8 cb 3.0 bcd

2.0 0.0 c 0.0 c 2.2 b 10.2 b 3.9 cb

zMeans within column having different letters are significantly different according to the least significant difference LSD at the 0.05 level of probability



Discussions

In vitro establishment. Solid MS medium supplemented
with 0.1 mg l−1 NAA and 0.5 mg l−1 Kin promoted
satisfactory plant size, growth, and development. Axillary
buds can be considered as a good starting material in T.
polium L., especially if they were cultured on half-strength
MS medium supplemented with 2.0 mg l−1 GA3. The lower
osmotic pressure of half-strength MS media with the effect
of GA3 concentrations might affect the high axillary bud
development. Mahanta and Paswan (2006) propagated
Anthurium andreanum in vitro from axillary buds on MS
medium containing 0.8 mg l−1 BA and 0.1 mg l−1 IAA.
Also, in vitro propagation of Talinum portulacifolium L.
through axillary bud culture was done using MS medium
supplemented with 1.35 mg l−1 BA and 0.35 mg l−1 IAA
(Thangavel et al. 2008).

In vitro shoot multiplication and rooting. In our study, high
concentrations of BA (2.0 mg/L) and kinetin (1.6 mg/L)
gave higher proliferation. Results of Owies et al. (2004)
showed successful in vitro proliferation of Gundelia

tournefortii on MS media containing 2.0 or 3.0 mg l−1

BA. Sudha and Seeni (1996) demonstrated that using
3.0 mg l−1 BA induced a high frequency of shoot number
in Rauwfolfia micrantha (a rare medicinal plant). Rollinia
mucosa, an important medicinal plant, was reported to
display the highest regeneration frequency on a medium
containing 2.0 mg l−1 BA and 0.1 mg l−1 NAA (Figueiredo
et al. 2001). In our study, all levels of Kin except the
control treatments showed callus formation on the basal
parts of proliferated shoots. It was reported that highest in
vitro proliferation rate of T. stocksianum Boiss. was
achieved on the medium containing 3 mg l−1 Kin and
0.5 mg l−1 IAA (Bouhouche and Ksiksi 2007). For Salvia
fructosia Mill, Arikat et al. (2004) found that low level of
Kin 0.4 mg l−1 resulted in best proliferation shoots.

In our study, TDZ failed to give proliferation at most
levels, but gave good results at 0.8 mg/L. For in vitro-
grown Origanium vulgare and Origanium syriacum, it was
reported that TDZ failed to promote proliferation at used
levels and that it was a callus-inducing factor (Arafeh et al.
2003, 2006). In all studied concentrations of TDZ, in vitro
explants of T. polium L. showed large dark green leaves and

Table 3. Fresh weight (g), oil weight (g), percent (w/w) yield of essential oil, and percent (w/w) β-caryophyllene content of in vivo (wild) and in
vitro samples of T. polium L.

T. polium L. sample Fresh plant weight (g) Oil weight (g) % (w/w) yield of oil % (w/w) of β-caryophyllene content

In vivo (April)z 100 0.55 0.55 0.4

In vivo (Sept.)y 100 0.47 0.47 n.d

In vitro (1)x 100 0.40 0.40 3.0

In vitro (2)w 100 0.18 0.18 n.d

n.d. not detected
z Collected in April 2008
y Collected in October 2008
x In vitro sample grown on media containing 0.5 mg l−1 BA and 0.1 mg l−1 NAA
w In vitro sample grown on hormone-free MS media

a b
Figure 2. a) Effects of 0.8 mg/L
NAA on in vitro rooting of T.
polium L. b) T. polium L. after
acclimatization in the greenhouse.
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some brown sections at the edges of leaves. On the other
hand, Jiang et al. (2005) found that the maximum number of
shoots was obtained when 1.0 mg l−1 TDZ was used for in
vitro proliferation of Arnebia euchroma (an important Chinese
traditional medicinal plant). They found that other cytokinins
(Kin and 6-benzyladenine) and auxin (α-naphthaleneacetic
acid) were not efficient in inducing regeneration on cotyledon
explants (Jiang et al. 2005).

Rooting was achieved only with NAA; best rooting was
achieved at 0.8 mg/L in the current study. Also, in Drimia
robusta, optimal root initiation was achieved on media
supplemented with 1 mg l−1 NAA (Ngugi et al. 1998).
Similarly for Schizobasis intricate (an important medicinal
plant of the Hyacinthaceae family), rooting medium of half-
strength MS with 1 mg l−1 NAA gave the best results
(Drewes et al. 1993).

Ex vitro acclimatization. T. polium microshoots were
successfully acclimatized. In Cussonia, rooted plants were
acclimatized for planting ex vitro, with 63% survival after

acclimatization (Tetyana and Van Staden 2001). In A.
andreanum, a survival rate of 60% was obtained when in
vitro-raised plants were transferred to in vivo condition in
plastic pots containing soil/perlite (10:1) mixture (Mahanta
and Paswan 2006).

Determination of essential oil content in T. polium L. In our
study, in vitro T. polium, which was grown on solid MS
medium supplemented with 0.5 mg l−1 BA and 0.1 mg l−1

NAA, showed a high percentage oil yield of 0.40% (w/w),
which is comparable to that of the in vivo-grown T. polium
(0.55%). Sudriá et al. (1999) found that incorporation of
0.1 mg l−1 BA in the culture medium had a marked positive
effect on the capacity of Lavandula dentate plants to
produce and accumulate essential oils; it showed an
increase of 150% over that produced in the absence of
plant growth regulators (Sudriá et al. 1999). Arikat et al.
(2004) found that the percentage yield of the oil of Salvia
fructicosa Mill, which was grown on MS medium contain-
ing 0.02 mg l−1 NAA, 0.5 mg l−1 BA, and 0.03 mg l−1 GA3,

β-caryophyllene

Figure 3. GC chromatogram of
in vivo T. polium L. essential oil
collected in April 2008.

-caryophyllene β

Figure 4. GC chromatogram of
in vitro T. polium L. essential oil
grown on MS medium supple-
mented with 0.5 mg l−1 BA and
0.1 mg l−1 NAA.
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increased by two fold (0.7%) over the in vivo (Arikat et al.
2004). Hiarat et al. (1990) reported that the total amount
(0.9–1.3 mg g−1 plant) of the essential oil produced in
Mentha spicata shoot tip cultures on B5 medium was
almost equal to that (1–1.5 mg g−1 plant) produced by
mother plants (Hiarat et al. 1990).

Arafeh et al. (2006) determined the oil content of the in
vitro- and in vivo-grown plant samples of O. syriacum. Our
findings were in agreement with their results in which the
oil percentage for in vitro-grown O. syriacum was less than
greenhouse-grown plants. The oil percentage of T. polium
grown wild in Salt (Jordan) and Algeria was found to be
0.8% and 1.7%, respectively (Aburjai et al. 2006;
Kabouche et al. 2007), while Teucrium yemens yielded
0.45% (w/w) essential oil (Nasser et al. 2008). Furthermore,
the oil percentage for T. yemens which was collected in
April was more than that of the same plant collected in the
flowering stage, which was found to be 0.1–0.3% (w/w; Nasser
et al. 2008). These findings clearly show that the geographical
origin of T. polium greatly influences the essential oil quality
and quantity, and a new chemotype may be found in plants
from different countries (Aburjai et al. 2006).

Essential oil analysis. There are many medicinal plants
containing β-caryophyllene as a major component of their
essential oil. For example, the genus Piper has β-
caryophyllene contents in fruits and leaves with different
percentages. The essential oil of Piper guineense contains
(20.8%) of β-caryophyllene in the fruit, P. nigrum contains
(12.8%) of β caryophyllene in the fruit essential oil, and
Piper capense contains (12.4%) β-caryophyllene in the leaf
essential oil (François et al. 2009). Furthermore, the
composition of the essential oils of the leaves and flowers

of Tithonia diversifolia (Hemsl) was reported to have
20.1% β-caryophyllene (Moronkola et al. 2007).

Also, there are many studies on Teucrium spp., espe-
cially in T. polium, which revealed the presence of many
compounds such as β-caryophyllene. In the literature, there
was great variability in β-caryophyllene content in the oil
of wild T. polium samples collected from different
geographical regions. For example, the percentage content
of β-caryophyllene in T. polium collected from Jordan
(Aburjai et al. 2006), Turkey (Cakir et al. 1998), and Iran
(Eikani et al. 1999) was found to be 8.7%, 17.8%, and
18%, respectively, while the oils of T. polium grown in
Saudi Arabia (Hassan et al. 1979) and Algeria (Kabouche et
al. 2007) revealed no presence of β-caryophyllene at all.
These findings clearly demonstrate that the geographical
origin of T. polium greatly influences the essential oil
quality. The findings of our study clearly show that the time
of harvest affects the oil percentage and the composition of
the oil. Oil of O. syriacum was reported by Daouk et al.
(1995) to contain 4% thymol in August and 14% in October
(Daouk et al. 1995). Werker et al. (1985) also found striking
differences in the essential oil content and constituents in
four chemotypes of O. vulgare grown under the same
management (Werker et al. 1985). Putievsky et al. (1996)
reported that June harvest showed the highest thymol
percentage (57%), while the lowest percentage was
obtained in October harvest (37%, Putievsky et al. 1996).
In a study carried out by Hiarat et al. (1990), the contents of
monoterpenoids, especially carvon and limonene, in Men-
thaspicata plants grown on B5 media were higher than
those in the mother plant (Hiarat et al. 1990).

Essential oil and its constituents are strongly affected by
several factors such as nutrient media, light, and tempera-

In vitro T. polium L. grown on hormone-free MS media In vivo T. polium L. collected in October 2008

Compound name tR
z (min) Compound name tR (min)

1-Octen-3-ol 3.3

Linalool 4.2 Linalool 4.2

Verbenol 4.7 Verbenol 4.7

Myrtenal 4.9 Terpineol 5.0

(−)-Myrtenol 5.2 α-Terpineol 5.1

α-Thujenol 5.2 Endobornyl acetate 5.9

Verbenone 5.3 Camphene 6.4

Endobornyl acetate 5.9 Elemol 8.2

Eugenol 6.5 (+)-Spathulenol 8.6

(+)-3-Carene 6.8 Guaiol 8.7

(+)-Spathulenol 8.6 τ-cadinol 9.2

(+)-Aromadendrene 8.7 α-Cadinol 9.4

α-Bisabolol 9.6 Gauilyl acetate 9.5

α-Bisabolol oxide 9.7

Table 4. Essential oil compo-
nents of in vitro and in vivo T.
polium L. using GC-MS

z Retention time in minutes
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ture (Arikat et al. 2004; Arafeh et al. 2006; Hachicha et al.
2006; Nasser et al. 2008). Thus, a change in β-
caryophyllene can be achieved if any multiplication in the
in vitro conditions happens (pH, nutrient, light, etc.). In our
study, the in vitro-grown plants showed more β-
caryophyllene than the in vivo-grown plants, while in
vivo-grown plants yielded more oil than in vitro-grown
plants. This could be because of the production of β-
caryophyllene during a specific stage of the plant growth.
Under in vitro conditions, harvested shoots are young; thus,
chemical compounds that are secreted by trichomes
accumulate in the shoot and their amount is concentrated.
Furthermore, auxin and cytokinin incorporated into the
culture medium have a marked influence on the production
of secondary metabolites (Sudriá et al. 1999). In the current
study, the major constituents of the essential oil which was
extracted from in vitro cultures were different from in vivo-
grown plants, while essential oil composition in clonally
propagated Minthostachys mollis, an important medicinal
plant belonging to the Labiatae, was similar to that of plants
growing in the wild (del Chebel et al. 1998). These
conflicting results confirm that the variability of oil
composition in different populations of the same plant
species might be attributed mainly to genetic diversity
(Skoula et al. 2000).

In our study, microshoots showed a greater amount of β-
caryophyllene than in vivo plants, which may be related to
the significant effect of BA in the culture medium on the
biosynthesis and the level of β-caryophyllene. Tawfik et al.
(1992) and Arikat et al. (2004) found BA to have a
significant effect on the production of camphor in the in
vitro-grown shoots of Salvia officinalis and S. fructosia
Mill, respectively. From the above results and findings, it
can be concluded that plant growth regulators such as BA
not only affected growth and development of proliferated
shoots but also affected the proportion of chemotypes such
as β-caryophyllene. Consequently, plant growth regulators
may be used in tissue culture medium for regulating or
increasing the production of specific important secondary
metabolites.

Conclusions

The current study shows that axillary buds of T. polium L.
are a good starting material for in vitro establishment due to
the high plant development. High concentrations of BA
(2.0 mg/L) and kinetin (1.6 mg/L) showed higher prolifer-
ation, while TDZ showed good results at 0.8 mg/L. Best
rooting was achieved only with NAA at 0.8 mg/L. In vitro-
grown T. polium L. can be considered for oil production if
cultured on MS medium supplemented with suitable growth

regulators. Wild-grown T. polium L. yielded a similar oil
percentage in spring and in autumn, but with different
compositions. β-caryophyllene was identified in micro-
shoots of T. polium L. grown on a media supplemented
with growth regulators and in those in vivo-collected
samples in spring where the former showed a higher
percentage yield of β-caryophyllene.
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