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ABSTRACT

The establishment of friable callus was achieved on Murashige and Skoog (MS)
medium fortified with 18 uM of 2,4-dichlorophenoxyacetic acid in combination with 2 uM of
6-benzylaminopurine (BAP). The effect of different sugars such as 3% sucrose, 3% glucose and
3% galactose on the growth of callus tissue and [-sitosterol accumulation was tested. Quantifica-
tion of pB-sitosterol was carried cut with the help of high performance liquid chromatography.
High growth of callus tissue was observed on MS medium, containing sucrose and glucose as
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carbon sources and maximum [-sitosterol content was observed in 60 days old callus tissue with

3% glucose as carbon source.

Abbreviations

MS - Murashige and Skoog, 2.4-D - (2,4-dichlorophenoxy
acetic acid), TLC - Thin Layer Chromatography.

Introduction

Boerhaavia diffusa is a creeping, perennial herbaceous plant
that belongs to the family Nyctaginaceae (Four o’ clock Fam-
ily). Although it is native to India and Brazil, but it has been
traditionally used as a medicine in many different parts of the
world (Patil and Bhalsing 2016). Out of the 40 species of the
genus Boerhaavia, five were found in India (B. diffusa, B.
chinensis, B. erecta, B. rependa, and B. rubicund) (Chopra et
al. 1969). In Ayurvedic and Unani medicine, B. diffisa L plant
is mentioned to cure 22 different types of ailments. In Brazil-
ian pharmacopeia, 23 traditional uses have been described
for this plant, while in Africa and Middle Last the plant is
prescribed for 14 ailments (Apu et al. 2012), In many other
traditional medicines, root and aerial parts of this plant were
reported for the treatment of diabetes, jaundice, infectious
discases and urinary problems (Patil and Bhalsing 2016).

B. diffusais among the 46 medicinal plant species in high
trade sourced mainly from the wastelands (Ved and Goraya
2010). Beside this, the plant is an exclusive source or used
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in polyherbal formulations, including Himalaya, Dibecon,
Dabur Chyawanprash, etc.

The plant possesses coccineone B, coccineone E, boer-
avinone C, boerhavinone D, boerhavinone F, boerhavinone
G, boerhavinone I, boerhavinone I, boerhavinone J (Borelli
et al. 2010), boerhavinone P, boerhavinone QQ, boerhavinone
R, boerhavinone S, boerhavinone M (Bairwa et al. 2013a
and b), B-sitosterol (Patil and Bhalsing 2016), and eupalitin
(Pandey et al. 2010).

Phytosterols have many useful effects on human
health,which has increased demand and consumption of
phytosterol-enriched foods. More than 40 patents on phy-
tosterol products and more than 15 commercial plant sterol
products were incorporated in the market (Ana et al. 2013).
Among 200 different types of phytosterols, B-sitosterol (65%)
and stigmasterol (30%) are most widely consumed. This re-
quires huge quantity of plant materials for extractions, which
can have serious impact on the environment (Lagarda et al.
2006; Ana et al. 2013). Also, due to the effects of different
environmental conditions like pollutants and pathogens, the
naturally grown plants used for drug preparation can atfect
productivity (Nikam et al. 2009). The commercial bulk of B.
diffusa possesses a heterogeneous population, which results
in poor quality roots and biomass (Saini et al. 2011 Patil
and Bhalsing 2015). Plant tissue culture technique can serve
as an ideal system to circumvent the above said problems.
Moreover, a uniform quality of secondary metabolites can
be obtained from tissue culture technology, due to clones
or less genetic variations. The B-sitosterol was isolated
from tissue cultures of plants such as Balanites aegyptiaca
(Bidawat 2006), Citullus colocynthis (Meena et al. 201 1) and
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Terminalia chebula (Archana et al. 2011). There 1s continued
research on finding the new sources. There are few reports
of tissue cultures including #n vitro regeneration and callus
induction in B. diffusa (Patil and Bhalsing 2015; Jain ct al.
2003; Wesely et al. 2011). Srivastava et al. (1995) reported
alkaloid content of in vitro regenerated roots ol Beerhaavia
diffusa. However, there seems no any report of isolation of
secondary metabolite from in vifro callus culture of B. dif-
fusa .. Here, we established the protocol for isolation and
estimation ol f-sitosterol from friable callus of B. diffusa
L and further demonstrated the effect of different sugars on
accumulation of 3-sitosterol in callus cultures.

Materials and Methods

Plant material and chemicals

The plants of B. diffusa were obtained from the campus of
North Maharashtra University, Jalgaon and used as a source
of explants for experiment. The plant specimen was authen-
ticated and deposited at the Botanical Survey of India Re-
gional Office, Western Circle, Pune, India (specimen voucher
number KSP-01). Standard p-sitosterol was purchased from
Sigma Aldrich, India. All other solvents used for extraction
and chromatography conditions were HPLC-grade and ob-
tained from Fisher Scientific (PA, USA).

Surface sterilization, media preparation,
establishment and maintenance of callus culture

The mature leaf explants of B. diffusa were thoroughly
washed under running tap water for 10-15 min accompanied
with 2-3 drops of Tween 20 to ensure removal of dirt. Then
the explants were treated with 0.4 g/l of antifungal agent,
i.e. bavistin (BASF, India) and washed 3-4 times with sterile
distilled water. These antifungal treated explants were surface
sterilized with 0.1% HgCl, for 2 min and washed 3-4 times
with sterile distilled to remove any traces of HgClL,. All these
surface sterilization steps were carried out aseptically in
laminar airflow hood (Laphosp™). MS basal medium was
used for the experimental part with 3% (w/v) sucrose as
carbon source and 0.8% (w/v) agar. The pH was adjusted
10 5.6+0.2 using 1 N HCl or 1 N NaOH before adding 0.8%
(w/v) of agar. The medium was autoclaved under 105 kPa at
a temperature of 121 °C for 15 min. All growth regulators
were filter-sterilized (0.22 pm, Millipore) and added after the
autoclave. The above trimmed surface sterilized leaf segments
ol B. diffusa |, were inoculated aseptically on this sterile MS
medium, fortified with 18 pM 2,4-dichlorophenoxyacetic acid
(2,4-D) in combination with 2 pM of 6-benzylaminopurine
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(BAP) for callus induction. Cultures were incubated at 25+2
‘C in 16/8 h photoperiod with light intensity of 2000 lux
provided by white, fluorescent tubes (Philips™) and 55+5%
relative humidity.

Effect of different sugars on callus induction
and accumulation of B-sitosterol

Different sugars such as 3% glucose and 3% galactose were
incorporated in MS medium, supplemented with 18 uM 2.4-
D+2 puM BAP for callus induction and [3-sitosterol accumu-
lation. A negative control was set in the experiments, which
do not contain any carbon source and 3% sucrose served as
a positive control.

Determination of Growth index

The proliferated calli were subcultured at 30 days intervals
on fresh culture medium. Growth index was determined after
initial subculturing for 20, 45, 60, and 80 days old calli using

following formula.

Final freshweight of callus —Initial fresh weight of callus

Growth Index = — -
Initial fresh weight of callus

Extraction of fB-sitosterol from in vivo plant
parts and callus cultures

In vivo plant parts and harvested calli were air dried and pow-
dered. Each powdered material (2 g) was hydrolysed with 25
ml of 30% (v/v) hydrochloric acid for 4 h in a water bath at
60 °C. The hydrolysed extract was filtered and washed with
distilled water through Whatman filter paper no. 1 until the
filtrate reaches around pH 7. The obtained residue was dried
at 00 °C for 8 h and Soxhlet extracted with benzene (200 ml)
for 24 h. The benzene extracts were dried and reconstituted
in chloroform and used for further analysis (Archana et al.
2011; Meena et al. 2011).

Thin layer chromatography(TLC)

The crude extracts along with a standard reference sample
of sterols (B-sitosterol) were applied separately on silica gel
*G” (Merck 1.td., Mumbai, India) coated plates (20 x 20 cm;
wet thickness 0.2-0.4 mm), which were activated at ~060 °C in
an oven for 30 min and brought to room temperature before
use. The plates were developed in organic solvent mixtures
of hexane:acetone (8:2, V/V). The developed plates were air
dried, sprayed with 50% sulphuric acid and subsequently
heated at 100 °C for 10 min (Meena et al. 2011).
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Figure 1. Callus formation on MS medium supplemented with 18
uM of 2,4-D+2 pM BAP. (a) callus obtained on 3% sucrose (b) callus
obtained on 3% glucose.

Figure 2. The p-sitosterol detection in leaf derived callus extract of Boer-
haavia diffusa L TLC plate. C=callus extract; S=standard (-sitosterol).

HPLC analysis

Different concentrations of standard [3-sitosterol were pre-
pared and subjected to HPL.C to obtain the calibration curve
of B-sitosterol. The purified sample of p-sitosterol from cal-
lus tissue and in vive parts of plant viz., leaves, root and stem
were subjected to HPLC for obtaining the chromatograms.
HPL.C analysis was carried out on a Young Lin (8.K) Gra-
dientcratic System provided with an autosampler (injection
volume 20 ul). The separation was made on a reversed phase
C18 column (Agilent Technologies, USA) (4.6 x 150 mm)
of 5 um packed size particles in conjunction with Autochro-
3000 software. The HPLC was equipped with SP 930 D
isocratic pump and UV 730 D detector (Young Lin, Korea).
The detection wavelength was set at 220 nm. The samples
were ¢luted at a flow rate of 0.5 ml/min using mobile phase
acetonitrile: water (90:10, V/V) (mix pH 3).

Statistical analysis
TLach experiment was carried out in triplicates and data from

all experiments were used Lo calculate the mean and standard
deviations in Microsoft Excel 2013,

Results and Discussion

Growth index and morphology of callus

Here, we have established the friable callus on MS medium
supplemented with 18 pM of 2,4-D + 2 uM BAP (Lig. 1).
A pale yellow, friable callus was obtained on MS medium
supplemented with 3% sucrose. The well-proliferated calli
harvested after 20, 40, 60, and 80 days showed an increase
in the Growth index up to 60 days and slightly declined
thereafter (Fig. 5). Similar patterns of growth with maximum
growth index on 60 days old callus was observed with other
sugars incorporated in MS medium. A necrosis with almost no
erowth was observed in negative control, which was lacking
any carbon source.

Effect of different sugars on growth of the
callus

The development of callus was observed in each of the sugar
viz., 3% sucrose, 3% glucose and 3% galactose incorporated
in MS medium supplemented with 18 pM of 2,4-D+2 uM
BAP. However, in our study, the growth of the callus was
found to be high in MS medium with 3% sucrose and 3%
glucose as carbon sources as compared to MS medium con-
taining 3% galactose (Fig. 6). A brownish callus with least
growth, was observed in medium containing galactose.

Thin layer chromatography

When the developed plates were sprayed with 50% sulphuric
acid, the purple colored spot appeared of the callus extracts
applied, which are coincided with those of standard com-
pound samples of f3-sitosterol. Rf value (0.55) of 3-sitosterol
isolated from the samples equal to the Rf value of reference
compound [-sitosterol (Fig. 2). Similar results were observed
by Sen and co-workers (2012) by identifying p-sitosterol in
leaves of Momordica charantia.

Effect of different ages on B-sitosterol
accumulation.

HPLC chromatogram was developed for each in vive plant
parts and calli harvested aflter 20, 40, 60 and 80 days. Quan-
tification was carried out using linear regression equation
obtained from the HPLC calibration curve of standard
B-sitosterol. HPL.C chromatogram of standard [-sitosterol
and callus (60 days old) showed the peak of B-sitosterol in
Fig. 3 A-C. Among the different plant parts viz., roots, stems
and leaves of Boerhaavia diffusa 1., maximum content ol
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Figure 3. (A) HPLC chromatogram of standard p-sitosterol. (B) HPLC chromatogram of callus extract cultivated with 3% sucrose. (C) HPLC chro-

matogram of callus extract cultivated with 3% glucose.

[-sitosterol was observed in roots followed by leaves (Fig.
4). However, compared to in vivo leaves, the in vitro devel-
oped leal derived calli (specifically 60 days old) showed
higher accumulation of B-sitosterol (Fig. 4, 5). Chawla and
Bansal (2014) also observed more percentage of [3-sitosterol
in in vitro regenerated bark and callus compare to in vivo
bark ol Helicteres isora 1.. They [urther concluded that phy-
tohormones vsed for in vitro propagated plants, may have
favorable role in accumulation of higher B-sitosterol. In
our present study, the content of B-sitosterol was increased
with an increase in the growth index of callus. Maximum
[(-sitosterol (456.01+£9.2 pg/g dw) was accumulated in 60
days old callus culture, which decreased in the culture col-
lected on 80 days (443.2+1 Lpg/e dw) (Tig. 5). Many workers
have also observed the higher percentage of f-sitosterol in
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6 weeks and decrease in percentage thereafter (8 weeks) in
callus tissue of Citullus colocynthis (Meena et al. 2011) and
Terminalia chebula (Archana et al. 2011). They also observed
more accumulation of B-sitosterol in callus culture than their
in vivo plant parts. Plant hormones such as 2,4-D and BA was
also favorably accumulated the harmala alkaloids in calli of
Tribulus terrestris (Nikam et al. 2009). This suggest that plant
growth hormones, beside growth and differentiation, may
have influence on accumulation of secondary metabolites.
Production of sterols from in vive and in vitro tissue culture,
their structure, composition, effects, biochemistry, identifi-
cation and their function has also been reported in several
plants since last few years (Clifton et al. 2004). Our study
is significant in the establishment of callus as an alternative
source of metabolites in Boerhaavia diffusa 1..
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Figure 4. The [i-sitosterol content in different /in vivo plant parts of
Boerhaavia diffusa L.

Effect of sugars on f-sitosterol accumulation

Besides the phytohormones, the types of sugar also influenced
the production of p-sitosterol. [n callus culture produced on
MS medium containing 3% glucose as carbon source has pro-
found effect on production of B-sitosterol. The -sitosterol ac-
cumulated in this case was 575.27+£15.0 pg/g dw, while least
accumulation of B-sitosterol was observed in callus produced
on MS medium containing 3% galactose (Fig. 0).

Conclusion

Present study concluded that different ages of the callus tissue
have influences on the secondary metabolite production. Also,
the culture conditions, including phytohormones can also
affect the f-sitosterol accumulation. In the present protocol,
different sugars have a profound effect on [i-sitosterol produc-
tions in callus tissue. As there is continual establishment of
B-sitosterol potentials in different pharmaceutical drugs, the
present protocol is of considerable interest as the -sitosterol
accumulation is found to be more in in vifro culture than in
vivo plant parts.
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ABSTRACT The aim of this study was to evaluate the influences of the different harvest stages KEY WORDS
on the value and components of the essential oil (EO) of wild oregano (Origanum vulgare L.)
and European marjoram (Origanum majorana L.). Two species were collected during five stages

of vegetative and reproductive growth period with four replications. The content of EO in the

germacrene D
harvest stages

marjoram
dried aerial parts was determined by hydro-distillation of herbs, and its constituents determined  monoterpene
by gas chromatography (GC) and gas chromatography mass spectrometry (GC/MS). The analysis  Origanum

sesquiterpene

showed that the amount of EQ in O. majorana was more than O. vulgare. The highest EO con- !
terpinene-4-ol

tent for both species were obtained in the full flowering stage. 78 and 39 components were
identified in the EO of O. vulgare and O. majorana, respectively. The main components were
germacrene D, (trans)caryophyllene, terpinene-4-ol, and a-terpinene in the EO of O. vulgare,
and terpinene-4-ol, y-terpinene, a-terpinene, and a-terpineol in the EO of O. majorana. In gen-
eral, sesquiterpene compounds had maximum amounts in the EO of O. vulgare in five stages of
growth, especially in the beginning of flowering stage. In contrast, monoterpene compounds

had maximum value in the EO of O. majorana in the full flowering stage.

Acta Biol 5zeged 60(2):105-111 (2016)

Introduction

Wild oregano (Origanum vulgare 1..) or Mediterranean
oregano is perennial herb with a wide distribution in the
Mediterranean region, Irano-Sybryn, and Furo-Sybryn that
grows on the rocky slopes in a wide range of altitudes (0-4000
meter) (Kordali 2008). Oregano grows in the Northern areas
(Chalous, Rasht and Gorgan), Western (Azerbaijan, Ardebil,
and Kurdistan), and Eastern (Ahar and Bojnoord) of Iran
(Rechinger 1982). This species growing to 100 cm tall, shoot
straight, hairy and reddish-green, oval leaves, dark green and
covered with trichome, which has covered the surface of the
lower lamina (Afsharypuor et al. 1997). In addition to the
traditional use for the treatment of discases of the stomach,
intestines, constipation and respiratory problems (asthma),
the aerial parts and the leaves of this species are heing used
throughout the world as a very pleasant and aromatic spices.
Besides, it also has been used as a disinfectant and healer in
many applications (Kordali 2008). Prevalence studies have

Submitted October 18, 2016; Accepted December 29, 2016
*Corresponding author. E-mail: A Mehrafarin @ gmail.com

shown the antifungal activity, antibacterial and antioxidant
of the species” EO from genus Origanum (due to thymol,
and carvacrol in them) (Muller 1989; Gouladis et al. 2003).
In a study at the National Botanical Garden of Iran, the domi-
nant components of EO in the O. vulgare were found to be
[-caryophyllene, germacrene D, and (cis)sabinene hydrate
(Barazandeh 2000). In another relevant study, the main com-
ponents of EO in the O. vulgare ssp. vilgare in four regions
of Italy were recognized to be p-caryophyllene, thymol,
terpinene-4-ol, and (para)cymene (Melegari et al. 1995).
Marjoram (Origanum majorana 1..) is a perennial plant,
with opposite leaves, elliptical, toothless and small white
flowers covered with 4 rows of whitey bracts. These bracts
cause the appearance of globular flowers (Afsharypuor et al.
1997). Biochemical compounds of this species are the EO and
tannins. Its essence is obtained by hydro-distillation and has
a greenish yellow color and mild odor and taste, 40% terpene
especially terpinene, terpinolene and sabinene (Naghdi Badi
et al. 2004). Some studies indicate that it has antimicrobial
and antifungal properties (Oliveira et al. 2009). This type ol
majoram has been used in flavoring foods and has some im-
portant properties such as calmative effect, energy provider,
diuretic, sudatory and stomach tonic (Alsharypuor et al.
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1997). Rescarch at the National Botanical Garden was con-
ducted on this species. So that, sabinee and linalil acetate was
the most important compounds of EOQ (Barazandeh 2000).

So far, many studics have been done on quantitative and
qualitative changes in the components of TO and their compo-
sition during the period of growth. These changes depending
on the type of plant were varied, as in some species the most
LEO were in pre-flowering stage, the others were in flower-
ing stage and in some of them also the maximum amount
ol HO identified after flowering stage (Wang et al. 2009).
According to previous studies, a scientific research was not
performed on guantitative and qualitative changes in EO of
oregano and marjoram cultivated in Iran, as yet. Therefore,
study the effects of various harvest stages on the quantita-
tive and qualitative of EO in both species was the aim of the
present experiment. Additionally, the scientific results can be
applied to the use of these herbs in the pharmaceutical and
food industries.

Materials and Methods

Plant material and experimental field profile

In this study, seedlings of two species of oregano (0. vul-
gare) and marjoram (0. majorana) with registration codes
MPISB-259, and MPISB-158, respectively, were prepared
from the Germplasm Bank at Medicinal Plants Institute (MPI)
of Academic Center for Education, Culture and Research
(ACECR). In early April 2013, seedlings were planted at the
experimental farm of medicinal plants institute located in
the Karaj region for evaluation the influences of the different
harvest stages during growth cycle on the value and compo-
nents of the oregano and marjoram EO in the same climate
conditions. The geographical location of the station was 35°
54" 17" N and 50° 53" 7 E with about 1461 m (elevation)
altitude above the mean sea level. The soil was loam-silt
with 0.071% N, 48.9 mg/kg phosphorous, 33.6 mg/kg potas-
sium, EC 2.71 dS/m, and pH 8.3. During the experimental
periods, the mean weekly temperature varied from 24.5 to
43.7 °Cin day and 9.1 to 23.5 °C in night for growth season.
The average weekly rainfall and weekly relative humidity
were 1.4 mm and 50.34%, respectively. Each experimental
plot was 5 m long and 2 m wide which prepared after tillage
operations. There was 1 m space between the plots and 1.5
melters between the replications. In May, June and July 2013,
the aerial parts ol plants were collected in five growth stages
(two stages in the vegetative phase and three stages in the
reproductive phase) between 12:00 and 13:30 P.M. Conditions
on the day of collection were clear and sunny for each of the
five stages. The harvested plant materials were air-dried in
a shaded place at a convenient temperature (22 + 2 °CC) and
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in an air-flow during 6 days. The samples were transferred
to the phytochemical analysis laboratory for measuring the
percentage of essential oils and their components. For the
sake of accuracy and reducing the possible errors, samples
were randomly picked from separate experimental plot with
four replications.

Extraction of EO and identification of its
components

The content of EO in dried samples was determined by the
hydro-distillation of 100 g herb in a Clevenger-type appara-
tus during 4 h. The oils were dried over anhydrous sodium
sulphate and kept at4 °C until it was analyzed (British Phar-
macopoeia 1988; Sefidkon and Abbasi 20006). The extracted
essential oils were also identified by gas chromatography
(GC) and gas chromatography mass spectrometry (GC/MS)
analysis. Besides, the volatile constituents were analyzed
using an Agilent instrument coupled with a 6890 mass sys-
tem equipped with flame ionization detector (FID) equipped
with BPX5 capillary columns (30 m x 0.25 mm, i.d. 0.25 ym
film thicknesses). The carrier gas was helium, at a flow rate
of 0.5 ml per min. The column temperature was gradually
increased from 60 to 220 °C with a rate of 2 °C per min for
the polar column and from 60 to 240 °C with a rate of 3 °C
per min for the non-polar column. The injection volume was
set to be 1 pl.. The column temperature was considered to
be the primary oven temperature 50 °C and 5 minutes at this
temperature was stopped, thermal gradient was 3 degrees per
minute, increasing the temperature to 240 °C and then at a
rate of 15 degrees per minute, increasing the temperature to
300 “°C and 3 minutes at this temperature was stopped. Split
injector was used at 290 °C in a split mode at a ratio of 1:50.
GC/MS analyses were performed using an Agilent 5973
mass spectrogram in the electron impact ionization mode at
70 eV, the mass range was m/z 40-500. Injector temperature
was 220 °C. The identity of the components was assigned
by comparing their Kovats retention indices (KI) relative
to C,-C, n-alkanes (Sigma Chemical Co., St. Louis, MO),
obtained on non-polar DB-5 column with those provided in
literature. Tentative identification of the compounds based
on the comparison of their relative retention time and mass
spectra with those of the NIST-98 and Wiley-275 library data
of the GC/MS system and the literature data (Adams 2007)
was carried out. Each extraction and the compound percent-
ages were replicated four times.

Statistical analysis

All the obtained data were used in statistical analysis (Proc
GI.M) based on a one-way Analysis of Variance (ANOVA)
with four replications, which was performed using the pro-
gram ol SAS software. The probabilities ol significance were



Essential oil composition in Origanum

Table 1. Means comparison* of chemical composition based on percentages in the EO of O.vulgare and O.majorana at different

growth and developmental stages.

No.  Compound Kl Beginning of veg- Full vegetative Beginning of Mid-bloom Full flowering
etative growth growth flowering
Q. C. Q. 0. 0. 0. Q. Q. 0. Q.
vulgare  majorana  vulgare  majorana vulgare majorana vulgare majorana vulgare majorana
1 (2E)Hexenal 855 1.07¢ 0.51« 0.42¢ 1.42= 0.12f 1.130 0.59¢ 0.24¢ 0.28¢ 0.12
2 Sabinene 975 4.56¢ 5.872 4.66° 5.03% 1.49¢ 4.70¢ 2424 5.40% 2.14¢ 5.34%
3 (1)Octen-3-ol 979 4.36° - 5.32* - 2.07¢ - 473k - 3.62¢ -
4 Myrcene 991 1.790 2.01%® 1.66° 1.62° 0.58¢ 0.76° 0.90¢ 2.09% 0.94¢ 2.47¢
5 a-Terpinene 1017 7320 10.39* 6.135d 10.10* 2.64¢ 8.11%= 4.37% 8.96% 5.5 7cde 8.76%
6 (ortho)Cymene 1026 0.76° 0.61° 0.75° 0.62° 0.54° 0.53° 0.78"° 1.60° 0.83° 1.75%
7 (8-3)Carene 1030 - 1.19% - 1.29° - 1.00¢ - 1.262 - 1.29¢
8 p-Phellandrene 1030 1.87* - 0.54 - 0.37¢ - 0.64° - 0.87° -
2 (Z-p)Ocimene 1037 1.134 3.81° 0.12¢ 3.15° 0.10* 2.36° 0.20° 2.99° 0.22¢ 3.12°
10 (E-p)Ocimene 1050 0.24& 3.42° 0.20¢ 3.10° 0.16¢ 2.34° 0.29¢ 3.412 0.31¢ 3.53%
1 v-Terpinene 1060 3.23 16.222 3.12° 15.61% 1.59¢ 13.94¢ 4.32¢ 14.40 4.19¢ 15.26%
12 (cis)Sabinene 1070 - 0.72° - 0.69° 0.57¢ - 0.822 0.09¢ 0.83°
hydrate
13 Terpinolene 1089 247 332 2.40¢ 3.50® 0.31¢ 259 0.45¢% 3.09° 0.79¢ 3.41%
14 Linalool 1097 1.69° 4.06* 0.89¢% 3.67% 0.82¢ 3.33° 1.09% 3.81% 1.46% 4.08?
15 (trans)5abinene 1098 - 273 - 2.37¢ 2.36° - 3.00* - 3.40°
hydrate
16 (cis-para)Menth-2- 1122 - 1.95° - 1.920 1.89° - 2.637 - 2.820
en-1-ol
17 (trans-para)Menth-2 1141 - 1.36° - 1.36° 1.25° - 2.142 0.34° 2.09?
-en-1-ol
18 Terpinene-4-ol 177 6.27° 25.65° 0.57° 23.09° 5.15¢ 23.11° 7.05¢ 22.15% 1299 21.81°
19 a-Terpineol 1189 0.47¢ 530 0.42° 4.53¢ 0.37* 4.65% 0.60° 4.99 1.56¢ 6.39°
20 p-Bourbonene 1388 0.91¢ - 1.330 - 1.952 - 1.47° - 1.35° -
21 (trans)Caryophyllene 14192 11.51¢ 1.95' T 1.98f 21.46° 7.02¢ 18.45° 3.69' 15.09¢ 1.05
22 p-Gurjunene 1434 0.38° - 0.39° - 0.572 - 0.54%* 0.51° -
23 Aromadendren 1441 - - - - 0.42% - 0.40° - 0.27° -
24 a-Humulene 1455 2,72k 0.09¢ 3.04° 0.09¢ 3.62* 0.19¢ 2.74% 0.15¢ 2.54° 0.12¢
25 Germacrene D 1485 16.31% - 17.36° - 18.99° - 17.26° - 15.73¢ -
26 epi-Bicyclogerma- 1499 2,220 - 2,100 - - - - - -
crene
27 Bicyclogermacrene 1500 3.10% 2.10¢ 3.74% 2.264 4.00* 4.06° 378%™ 2.67< 3.75% 1.19¢
28 (E,E-c) Farnesene 1506 6.53% - 6.13° - 9.12* - 6.47° 2.48 -
29 3-Cadinene 1523 2.09° - 2.08° - 2.69* - 2.67° - 2.20° -
30 Spathulenol 1578 1.64%® 0.16¢ 1.942 1.2t 1.93* 1.72% 1.02% 0.14¢ 0.56¢ 0.11¢
31 Caryophyllene oxide 1583 1.45%® - 1.50% - 1.60° 1.812 1.16° 0.09¢ 0.66° 0.08¢
32 a-Cadinol 1654 2.06° - 2.84° - 2.37° - 1.42¢ - 1:25° -
33 EO - 0.14f 1.255 0.14f 1.23% 0.13f 1.09¢ 0.34¢ 1.382 0.67¢ 1.50%

*Means in each row followed by the same letter (a-g) are not significantly different according to Duncan’s multiple range test at the 5% level of probability. The

chtained values were expressed as mean from three replications.

used for testing the significance among the species during five
growth stages. Then, the differences between means were
compared by Duncan’s multiple range test at 95% confidence
interval.

Results

Seasonal variations of the isolated chemical composition in
EO from O. vitlgare and O. majorana were analyzed by GC

and GC/MS, and the results were shown in Table 1. Analysis
of variance for the essential oil content and composition
demonstrated that there were statistically significant dilfer-
ences between the both species (p<0.01) and different stages
ol harvest (p<0.01, and p<0.05). The results showed that 88
different compounds were detected in total of both species. In
respect of comparative evaluation in the essential oil composi-
tion, only 10 and 49 compounds were in the O. majorana and
O. vulgare, respectively, while 29 compounds were common
in both species (Table 1).

Overall, 78 active components were known in EQ) of the
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Table 2. Means comparison* of compound groups based on percentages in the EO of O.vulgare and O.majorana at different growth

and development stages.

Beginning of Full vegetative Beginning of Mid-bloom Full flowering
vegetative growth growth flowering
No.  Compound o. o. o. o. 0. 0. o. 0. 0. o.
vulgare  majorana  vulgare  majorana  vulgare majorana  vulgare  majorana  vulgare  majorana

1 Monoterpene 25.39¢ 54.43+ 21.44 50.532 9.33f 42530 16.28¢ 52.33* 18.514¢ 55.08*
hydrocarbons

2 Oxygenated 8.63¢ 37.39% 8.03¢ 34.72° 6.444 34.10° 8.74¢ 3562 20.03¢ 38.56°
monoterpenes

3 Sesquiterpene 48.16° 4.96° 51.03 525" 69.18° 14.604 60.06° 7.64¢ 50.46° 3.54¢
hydrocarbons

4 Oxygenated 7.99° 0.16° 953 1.21¢ 9.94° 3.534 5.50¢ 0.23¢ 3:.07¢ 0.19¢
sesquiterpenes

5 Others 707~ 1.914 732~ 5.85% 3.26° 3.30¢ 6.952 1.534 5.52¢ 1.104

*Means in each row followed by the same letter (a-g) are not significantly different according to Duncan’s multiple range test at the 5% level of probability. The

obtained values were expressed as mean from three replications.

O. vulgare. Many components were separately identified
in the beginning of vegetative growth (52), full vegetative
growth (50), beginning flowering (55), mid-bloom (50), and
full flowering stage (69) which these components were 97.24,
97.36, 98.16, 97.53, and 97.59% of EO in the O. vulgare, re-
spectively. The major components in the EO were germacrene
D and (trans)caryophyllene in the beginning of vegetative
growth, full vegetative growth, and full flowering stage and
vice versa, (trans)caryophyllene and germacrene D in the be-
ginning flowering, and mid-bloom stage (Table 1). Overall, 39
active components were recognized in EO of the O. majorana.
Several components were separately indicated in the begin-
ning of vegetative growth (37), full vegetative growth (37),
beginning flowering (37), mid-bloom (38), and full flowering
stage (39) that these components were 98.84, 97.85, 89.09,
97.36, and 98.46% of EO in the O. majorana, respectively.
The main components in the EO were terpinene-4-ol and
v-terpinene in all growth stages, respectively (Table 1).
Analysis of variance on the categories of the compounds
revealed that there were statistically significant (p<0.01)
differences between the both species in different stages of
harvest. According to the comparison of the means, the high-
est content of compounds were obtained for sesquiterpene
hydrocarbons and oxygenated sesquiterpenes in the beginning
of flowering stage, and also oxygenated monoterpenes in the
[ull flowering stage in both species. The maximum amount of
monoterpene hydrocarbons in EO of O. vilgare and O. majo-
rana were observed in the beginning of vegetative growth and
full flowering stage, respectively (Table 2). Maximum amount
of total monoterpenes with values of 38.54% (0. vulgare) and
93.64% (0. majorana) and tolal sesquiterpenes with values of
79.12% (0. vulgare) and 18.13% (O. majorana) was respec-
tively related to the full lowering and beginning flowering
stage. Ratio of total monoterpenesftotal sesquiterpenes (.72
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and 25.10) was also associated to the full flowering stage in
both species (Table 2). With a general account, sesquiterpene
compounds had the maximum amounts in EO of O. vulgare in
five stages of growth especially in the beginning of flowering
stage. In contrast, monoterpene compounds had maximum
value in EO of O. majorana (Table 2).

Discussion

Comparison of the obtained EO from aerial parts of Q. vulgare
and O. majorana in different stages showed that the maximum
value of EO (0.67%, and 1.5%, respectively) reached in the
final harvesting time. In this regard, our results are consistent
with the findings of Baranauskien et al. (2013). They studied
the effect of harvesting time on yield and EO components
in two subspecies of the O. vulgare growing in Lithuania
which the highest value of EO (0.56%) obtained in the full
flowering stage. Our analysis showed that the maximum FEO
being reached during full flowering stage in both species.
Furthermore, Selami et al. (2009) studied the EO content of
O. majorana growing in the Tunisia and determined the maxi-
mum of EO being during tull flowering stage. Many studies
were done on aromatic plants and all of them indicate that
the maximum content of EO being during full flowering stage
and end of flowering stage such as Ozguven and Tansi (1998)
on Thymus vilgaris, Mallavarapu et al. (1999) on Astemisia
pallens, Sefidkon et al. (2007) on Satureja rechingeri, Kizil et
al. (2008) on Origanum onites, and Verdian (2008) on Laurus
nobilis. Decrease in the EQ in vegetative growth stage can
be caused by low speed biosynthesis of volatile compounds
during this stage which may be due to the relative inactivity
ol enzymes required for the synthesis of certain compounds.



Naghdi Badi et al. (2004), and Oliveira et al. (2003) reported
that yields of O during the development stages increasing
and reaches its maximum in the flowering stage.
Comparison of the chemical composition in the EO of
0. vulgare and Q. majorana in five different development
stages showed significant differences in major components.
Graloburda et al. (2008) studied the compounds in EO of O.
vulgare in development stages and determined that sabinene,
(trans)caryophyllene, germacrene D, and (Z-[3)-ocimene been
the major constituents of the EO, while in our study germa-
crene D, (frans)caryophyllene, terpinene-4-ol, a-terpinene,
and vy-terpinene were major constituents. Content and com-
pounds of the EO varied with phenological changes that
matched with other studies on Lamiaceae family species
such as Salvia officinalis, Salvia fruicosa, O. vulgare, and
species from other aromatic families such as Pelargonium
graveolens (Putievsky et al. 1986; Ravid and Dudai 1988;
Ravid and Putievsky 1984). Raina and Negi (2012) studied
on the two EO components of O. vulgare and O. majorana
in India and determined that thymol, carvacrol, y-terpinene
and p-cymene were the major components of the O. vulgare,
which thymol and carvacrol made up 40% of EO while these
compounds were quietly absent in the O. majorana. But in
present study, germacrene D, (frans)caryophyllene, terpinene-
4-ol, and a-terpinene in the O. vulgare and terpinene-4-ol,
y-lerpinene, o-terpinene, and c-terpineol in the O.majorana
were the main constituents. Comparing the results with previ-
ous research (Rohloff et al. 2005; Mirjalili et al. 2006; Telci
and His 2008) suggesting that physiological processes and
harvesting time significantly affected the EO components.
Komaitis (1992) determined that terpinene-4-ol was the main
compound of EO in the Greece (37%) and then was p-cymene
(12.05%). Trevino and Johnson (2000) also achieved a similar
result about the O. majorana. Vera and Chane (1999) studied
the EO of 0. majorana grown in the Reunion Island and de-
termined that the main components included terpinene-4-ol
(38.4%), (cis)sabinene hydrate (15.0%), p-cymene (7.0%),
and y-terpinene (6.9%). The analyzed EO of O. majorana
grown in the Argentina by Branchio et al. (2008) had gen-
eral similarity to the present EO, terpinene-4-ol (55.09%),
(trans)sabinene hydrate (13.2%), c-terpineol (9.09%), and
(cis)sabinene hydrate (8.37%). Diversity in the EO com-
pounds of O. majorana at different regions can be caused
by interaction of genetic and environmental factors. Ricci et
al. (2003) determined that the EO compounds ol aromatic
plants in particular were influenced by environmental factors.
Also, Sangwan et al. (2001); Kim and Lee (2004) believed
that the EO compounds were influenced by many lactors,
including genetic, development stages, extraction method
and assay conditions. Baranski et al. (2005) determined that
the subspecies of O. vulgare grown in the Lithuania were
related to chemotype sabinian, f-ocimene, -caryophyllene
and germacrene 1. This opinion was resembled with present
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results and also with previous studies (Radusien et al. 2005;
Mockute et al. 2001).

Comparison ol the classified compounds in EO of 0.
vitlgare and O. majorana in five different developinent stages
showed significant differences in the compounds groups. In
the beginning of flowering, the level of monoterpenes hydro-
carbons drastically reduced and sesquiterpenes hydrocarbons
had the maximum amount of EO and then in flowering stage,
monoterpenes hydrocarbons were increased again. Research-
ers like Sarir et al. (1982); Jolivet et al. (1971); Baser et al.
(1993); Sellami et al. (2009) stated that O. majorana species
studied in the different regions of world. There were two
main chemotype: a chemotype mostly monoterpenes alcohol
and other included complex of phenols. In the first category
terpinene-4-ol with other monoterpenes alcohol, such as (cis
and trans)sabinene hydrate formed the major component of
EO and the second group, the main component consisted
mainly of thymol and/or carvacrol. However, our results
showed that over 90% of EO components in the O. majorana
were monoterpenes and unlike to previous research reports.
The amounts of phenolic compounds were very low that
matched with studies on the O. majorana which cultivated
in the Finland (Vera and Chane 1999). Precursors of the
phenolic compounds such as p-cymene, and y-terpinene in
the O. vulgare were the greater than O. majorana, while sa-
binian, (cis and trans)sabinene hydrate, and o-terpineol were
the higher in O. majorana. Also, amount of the oxygenated
monoterpenes were much more in the O. majorana. It seems
the high content of terpinene-4-ol due to rearrangements
occurs during the distillation process (Sangwan et al. 2001,
Kim and Lee 2004).

Conclusions

Since, all samples of both species in this study were cultured
in the same climatic conditions. Therefore, the changes of
content and composition in the EO were relevant to the ge-
netic differences between species in dealing with seasonal
changes. By focusing on the EO and their compounds, our
results showed that maximum amount of EO of O. vulgare
and O. majorana were obtained in the full flowering stage. In
the EO of O. vulgare, germacrene DD was the major compo-
nent that its maximum amount was detected in the beginming
flowering stage. In the O. majorana, terpinene-4-ol was the
major component of EO that its maximum amount was identi-
fied in the beginning of the vegetative growth. Sesquiterpene
compounds had the maximum amounts in EO of O. vulgare in
five stages of growth, especially in the beginning of [lowering
stage. In contrast, monoterpene compounds had the maximum
value in EO of O. mgjorana in the full flowering stage. O.
majorana is good source of EQ, especially in full bloom.

109






