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The chemical composition of the essential oils obtained from leaves and bracts of hydroponically
cultivated Origanum dictamnus L. (Cretan dittany), growing under various electrical conductivity (EC)
levels (2.0, 4.0, and 6.0 mS/cm), was studied, using the nutrient film technique (NFT). The analysis
of the essential oil content was achieved by GC-MS technique, and totals of 41 and 38 different
compounds were identified in both cases of large-leaved and narrow-leaved samples of leaves and
bracts, respectively. Differences in the composition content and of the percentage of each of the
constituents in the two studied samples (i.e., large-leaved and narrow-leaved) and within the essential
oils of leaves and bracts in both samples were observed. Carvacrol and p-cymene were identified as
the main constituents in all essential oils, whereas thymoquinone was found in higher percentage in
the essential oils of large-leaved than in narrow-leaved plants. The results obtained from GC-MS
analysis were submitted to chemometric analysis, and a phenotypic similarity of the essential oils of
narrow-leaved O. dictamnus was observed, whereas the essential oils of large-leaved O. dictamnus
showed two separate subgroups
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INTRODUCTION and hydroponically cultivated plants using different concentra-

. . . . . tions of nitrogen and phosphorus @,in the nutrient solution.
Origanum dictamnu4. (Lamiaceae) or Cretan dittany is a . ) . . S
white-woolly subshrub up to 25 cm high, endemic to Crete The information available on the hydroponic cultivation of
(Greece), with egg-shaped or rounded leaves, loose terminalsarom"?‘tic and meqicinal .plants is limited)( The nutrignt film
of pink flowers, and large purple bracts larger than calyx. The t€chnique (NFT) in which the plants are grown in shallow
plant grows in the wild on the rocky slopes of mountainous channels containing a flowing nutrient solution continuously
Crete (1,2). It is also cultivated because of its therapeutic recirculated is used for commercial vegetable product&n (
properties (3), which have been known since ancient times. It and has been applied in plant nutrition studies. Economakis (
has been used as a remedy for ailments of the stomach andeported a series of experiments to establish that dittany plants
intestinal tract, rheumatism, and is especially good for difficulties could be successfully grown with the NFT, which can improve
of childbirth, as an antihemorrhaging agent, and as a stimulantthe yield and affect the chemical composition of the essential
of the nervous system (8). In Crete (Greece) it is well-known  oil.
as “erontas,” which means “love” and as “dictamnos”. Continuing our experiments on the hydroponically cultivated
The chemical composition of the essential oil of leaves and O. dictamnug3, 7) and in order to better our understanding of
bracts as a mixture has been studi@d &énd recently have been  how the NFT affects the growth and composition of dittany
published papers on the volatiles of bracts and leaves of wild plants, we undertook a study concerning the electrical conduc-
tivity (EC) in the nutrient solution at three different levels. The

* Authors to whom correspondence should be addressed (telephone/fax€SUIts were compared with those recently published bysus (
+ 30 2107274596; e-mail demetzos@pharm.uoa.gr). 7) when different concentrations of nitrogen and of phosphorus
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were used in the nutrient solution for the cultivation ©f
dictamnus. However, the aim of our current study was to
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Table 1. Chemical and Percentage Composition of the Essential Qils
of Leaves and Bracts of Large-Leaved Cultivated O. dictamnus

investigate the effect of the EC on the yield and chemical

composition of the essential oils of large-leaved and narrow- leaves bracts
leaved samples of leaves and bract©ofdictamnud.., using compound? RE 1 2 3 4 5 6
the NFT. 1 o-thujene? 931 13 14 14 1.0
2 a-pinene 939 08 07 09 10 0.6
3 camphene 953 0.1 01 02 0.1
MATERIALS AND METHODS 4 2,4(10)-thujadiene 960 e
Chemometric Statistical Analysis.The data offables 1and2 were Z Z?S;Qgﬂg ggg 0.2 83 04
submitted to multivariate statistical analysis to clarify the phenotypic 7 % ten-3.0l 978 02 ' 01
relationships of the two samples (i.@, dictamnudarge-leaved and 8 3-octanol 993 02 01 01
narrow-leaved). Prior to principal component analysis (PCA), the 9  §-3-carene 1011 0.1 01 01
variables were standardized for a normalized PCA. The data set was10 o-terpinene 1018 0.2
processed through a Statistica commercial package. City-block (Man- 11 p-cymene 1026 45.5 453 175 20.2
hattan, method to measure the distance among the samples) was used2 o-cymene 1028 01 01
to measure the similarity between samples of large-leaved and narrow-13 f-phellandrene 1031 08 0.7
leaved ofO. dictamnus, and Ward's linkage method was used as an cis-sabinene hydrate 1068 16 19 15 09 16 12
- . L 15 trans-sabinene hydrate 1097 04 04 01
agglomerative algorithm (amalgamation joining rule). Moreover, we
) . . 16  borneol 1165 0.1 02 01
applied _the test of _corre_latlon coefflc_lent to the datail’able_s land terpine-4-ol 1177 06 04 03
2to clarify the possible linear correlation between the studied samples. 18 p-cymen-8-ol 1183 0.1 0.1
To determine various correlations among the studied samples, a Pearsong  q-terpineol 1189 0.1 0.1
product moment was applied to the whole set of daibl(es 1and 20 cis-dihydrocarvone 1193 tr
2). Correlations are significant g < 0.05. 21 trans-dihydrocarvone 1201 tr
Plant Material and Experimental Conditions. Shoot cuttings from 22 carvone 1242 u
- : : ! 23 carvacrol methyl ether 1245 tr tr
a wild population ofO. dictamnuswere used as plant materials, and A
. . . thymoquinone 1249 109 112 116 101 101 47
the experiment was carried out in an unheated glasshouse at the,g thymol 1290 03 04
Subtropical Plants and Olive Trees Institute, Chania, Creece. The NFT 75  cavacrol 1298 342 537 335 545 852 67.1
is a solution culture method, in which plants have their roots in a 27 qg-cubebene 1351 tr
shallow stream of recirculating nutrient solution. The nutrient solution 28 eugenol 1356 0.2
required for plant growth is discharged into the upper (inlet) end of a 29 cis-carvacrol acetate 1372 0.2
sloping watertight channel containing the plants and flows as a shallow 30 a-copaene 1376 05 10 05 01
stream through the root system. At the lower end of the channel (outlet), 31 /-cubebene 1390 15
the solution is collected in a catchment tank and pumped back to the 32 A-caryophyllene 1418 03 03 1
. . ) - 33 a-humulene 1454 0.7
inlet for recirculation 8). The NFT system has been designed by one -muurolene 1477 91 04
of us (C. Economakis), and each treatment occupied one channel'and35 germacrene D 1480 12 tr '
had separate “header” and “catchment” tanks. The nutrient solution 3  g-bisaholene 1509 01 10 01 02
was flowing by gravity at a rate of 800 mL/min for each channel and 37 ¢§-cadinene 1524 20 tr 0.1
was complete with nitrogen (150 mg/L) and phosphorus (32 mg/L). 38 caryophyllene oxide 1580 05 22 08 19 13 19
To maintain constant the ratio of the nutrient elements, the solution 39 6,10,14-trimethyl-2-penta- tr
was analyzed weekly for nitrogen and phosphorus, with the appropriate decanone
adjustments made when necessary. The volume of the nutrient solution40  kaurene 2043 0.2 02
abietatriene 2054

was kept constant, the pH value was 6, and the EC varied according to 4

treatment level (i.e., 2.0, 4.0, and 6.0 mS/cm). The pH and EC values total identified (%)

were monitored and adjusted daily by adding 5% HN@d complete

995 851 989 894 982 97.2

stock nutrient solution, respectively.

@1-3 and 4-6, essential oils of leaves and bracts of cultivated large-leaved O.

The plant material used was produced by using single plant shoot dictamnus using 6, 4, and 2 mS/cm electrical conductivity, respectively.  Com-

cuttings from a wild population oD. dictamnus, which were placed  pounds are listed according to their tz to the DB-5 column. ¢ Retention indices on
under mist propagation conditions, and after 3 months, 32 rooted DB-5 column were calculated according to the method of Van den Dool and Kratz
cuttings were placed, 25 cm apart, to each channel of the NFT system.(13). ?Retention indices and mass spectra fragmentation pattern have been used
Two channels, as replicates, were used for each of the three EC levelso tentatively identify the compounds in Table 1. € Trace.

examined (i.e., 2.0, 4.0, and 6.0 mS/cm). After 7 months, 10 plants

from each treatment, being at the start of flowering stage (during the of Wiley 275 and NBS libraries7) and those described by Adams

middie of June), were sampled and their shoots weighed and placed in(gy ‘55 well as by comparison of their retention indices with literature
oven at 40° C until constant weight. The dried shoots of plants data (7)

belonging to the same treatment were mixed and separated into leaves
and bracts.

Isolation of Essential Oils Samples from leaves and bracts were RESULTS AND DISCUSSION
subjected to separate hydrodistillation for 3 h. All oils obtained were
dried over anhydrous N&O, and stored under refrigeration {€). yields (v/w) of the essential oils of leaves and bracts of the

Gas Chromatography—Mass Spectrometry (GC-MS).The es- cultivated large-leaved and narrow-leaved dictamnusare
sential oils were analyzed using a capillary GC-MS system operating shown inTable 3.
in the EI mode. The GC-MS analysis was carried out using a Hewlett- - e chemical composition of the essential oils was analyzed
Pac.kard (HP) 5973 mass selective detector anql a DB-S MS fused sﬂncaby GC(EN)-MS, and the qualitative and quantitative results are
capillary column of 30 mx 0.25 mm (0.25%m film thickness). The . . . .
column was temperature programmed as follows: °60for 5 min, shown inTables 1and2. F|gures 1—-3summarize the datg in
and then the temperature was increased to Z80at a rate of 3C/ Tables 1and2. The analysis of the compounds of the oils of
min. Mass unit conditions were as follows: ion source, m the |eaVes and bI‘aCtS n the case Of |al'ge-|e@edlctamnus
ionization energy, 70 eV; electron current, 1485. Identification of showed qualitative and quantitave differences due to the different
constituents was based on comparison of their mass spectra with thos€ECs used in the nutrient solution. We noted that the constituents

Chemical Composition and Yield of Essential Oils.The
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Table 2. Chemical and Percentage Composition of the Essential Oils
of Leaves and Bracts of Narrow-Leaved Cultivated O. dictamnus

leaves? bracts

compound? RIE 1 2 3 4 5 6
1 o-thujene? 931 09 05 03
2 o-pinene 939 08 06 03 01
3 camphene 953 02 02 01
4 B-pinene 980 03 04
5  1l-octen-3-ol 978 03 02 03
6  myrcene 991 03
7 3-octanol 993 01 ¢ 01
8  o-phellandrene 1005 0.1
9  o-3-carene 1011 0.1 0.1
10 a-terpinene 1018 0.2 tr
11  p-cymene 1026 151 278 141 55
12 1,8-cineole 1031 tr
13 y-terpinene 1062 0.1
14 cis-sabinene hydrate 1068 04 11 12 01 15 05
15 terpinolene 1088 01 01 01
16  p-cymenene 1089 01 01
17  trans-sabinene hydrate 1097 01 04 03 12 07 05
18 trans-pinocarveol 1139 tr
19 trans-sabinol 1140 tr
20  borneol 1165 03 04 09 07 07
21 terpinen-4-ol 1177 01 04 07 06 10 05
22 p-cymen-8-ol 1183 01 04 03 02
23 cis-dihydrocarvone 1193 tr 01 01
24 carvone 1242 0.1 01 02
25 carvacrol methyl ether 1245 tr 01 01 0.2
26 thymoquinone 1249 21 15 39 22 19
27 thymol 1290 05 03 05
28 carvacrol 1298 706 613 69.7 858 799 873
29 carvacrol acetate 1372 tr 0.1
30 a-copaene 1376 02 01 01 02
31 [-caryophyllene 1418 0.1 0.1 0.1
32 [-bisabolene 1509 01 01 01 0.2
33 y-cadinene 1513 tr
34 oS-cadinene 1524 tr tr 0.1
35 caryophyllene oxide 1580 12 11 11 12
36  manoyl oxide 1997 tr
37 6,10,14-trimethyl-2-penta- 0.1 0.1 tr

decanone
38 abietatriene 2054 0.1 0.1
total identified (%) 90.9 968 913 940 947 924

@1-3 and 4-6: essential oils of leaves and bracts of cultivated narrow-leaved
O. dictamnus using 6, 4, and 2 mS/cm electrical conductivity, respectively.
b Compounds are listed according to their & to the DB-5 column. ¢ Retention indices
on DB-5 column were calculated according to the method of Van den Dool and
Kratz (13). ¢ Retention indices and mass spectra fragmentation pattern have been
used to tentatively identify the compounds in Table 2. € Trace.

Table 3. Yield (Percent v/w) of the Essential Oils of Leaves and
Bracts of Large-Leaved and Narrow-Leaved Cultivated O. dictamnus?

electrical conductivity, larged-leaved narrow-leaved
mS/cm leaves bracts leaves bracts
2 3.22a 4.16¢ 2.65b 3.26¢
4 2.98a 4.76b 3.03a 4.08b
6 2.90a 5.30a 3.00a 4.80a

@Values of each column followed by different letters are significantly different
(p = 0.05) according to Duncan’s test.

a-thujene, camphened-pinene, 1-octen-3-ol, 3-octanad;3-
carenep.-terpinenep-cymene-phellandrenetrans-sabinene
hydrate, borneol, terpine-4-gb-cymen-8-ol,a-terpineol, thy-

Economakis et al.
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Figure 1. Relative positions of samples in the space defined by the first
three principal components. |, lla, and IIb represent the groups obtained
from the correlation analysis (Table 4). PL1—PL3 represent samples of
the leaves of large-leaved cultivated O. dictamnus using 6, 4, and 2 mS/
cm EC, respectively. PB1-PB3 represent samples of the bracts of large-
leaved cultivated O. dictamnus using 6, 4, and 2 mS/cm EC, respectively
(Table 1). SL1-SL3 represent samples of the leaves of narrow-leaved
cultivated O. dictamnus using 6, 4, and 2 mS/cm EC, respectively. SB1-
SB3 represent samples of the bracts of narrow-leaved cultivated O.
dictamnus using 6, 4, and 2 m S/cm EC, respectively (Table 2).

having as the main constituents carvacrol (85.19%) and thy-
moquinone (10.07%), whereas caryophyllene oxide was found
in low percentage (1.3%). Carvacrol was present in high
percentage (33.49—85.19%) in all essential oils of leaves and
bracts of the large-leaved sample, followeddgymene, which
was found to be in sufficient percentages (from 45.49 to 17.45%)
in the essential oils of leaves and bracts using ECs of 6 and 2
mS/cm.p-Cymene was totally absent from the composition of
the essential oil of leaves and bracts when the EC was 4 mS/
cm (Table 1). The essential oils of leaves and bracts of the
narrow-leaved sample @. dictamnusvere also characterized
by the presence of carvacrol apdcymene, which were the
predominant compounds (61:385.82 and 5.5327.83%,
respectively) p-Cymene was totally absent in the case of the
essential oils of bracts in which the ECs used were 6 and 2
mS/cm. Analysis of the essential oils©f dictamnugultivated
using different ECs showed 41 and 38 identified constituents,
in contrast to the 25 constituents identified in the cultivated and
wild O. dictamnus(3). Cultivation of O. dictamnususing
different concentrations of phosphorus in the nutrient solution
led to an increasing composition of constituents up to 46
identified in the previous analysis of the essential oils of leaves
and bracts{). Carvacrol was identified as predominant in all
essential oils that have been studied previously and remained
higher in the bracts than in leave® [); its percentage content
was comparable to that determined in our study in all essential
oils. The percentage contentpfcymene remained high in the
leaves of large-leaved and narrow-lea@dlictamnusand was
comparable to that determined@ dictamnushydroponically
cultivated using phosphorus in the nutrient solutiagh On the
contrary, the percentage contentmtymene was lower in the

mol, and kaurene identified in leaves using ECs of 6 and 2 mS/ wild plant as well as in the plant hydroponically cultivated using
cm were not present at all in the essential oil of leaves using andifferent concentrations of nitrogen in the nutrient soluti8h (
EC of 4 mS/cm. In the case of bracts it is of interest that with than in the plant cultivated using phosphorus in the nutrient

cultivation of O. dictamnusising the same EC (i.e., 4 mS/cm)

solution (7) and than that determined in the leaves and bracts

the essential oil was found to be very poor in its composition, of large-leaved and narrow-leav€d dictamnus. In our study,
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Figure 2. Two-dimensional graph obtained in the PCA of the data set of Table 1. | and Il represent the groups obtained from the correlation analysis
(Table 4). PL1-PL3 represent samples of the leaves of large-leaved cultivated O. dictamnus using 6, 4, and 2 m S/cm EC, respectively. PB1-PB3
represent samples of the bracts of large-leaved cultivated O. dictamnus using 6, 4, and 2 mS/cm EC, respectively (Table 1).

0.8
1]
o N
A
sB3
A |
sL2
0.2 A
o
g
i
-0.2 a3
sL1 4
N J
\ SB2 /
A
-0.6
0.5 0.65 0.80 0.80

Factor 1
Figure 3. Two-dimensional graph obtained in the PCA of the data set of Table 2. | and Il represent the groups obtained from the correlation analysis
(Table 4). SL1-SL3 represent samples of the leaves of narrow-leaved cultivated O. dictamnus using 6, 4, and 2 mS/cm EC, respectively. SB1-SB3
represent samples of the bracts of narrow-leaved cultivated O. dictamnus using 6, 4, and 2 m S/em EC, respectively (Table 2).

Table 4. Pearson’s Correlation Coefficienta?

variable 1P2 2P 3P 4P 5P 6P 1S 2S 3S 4S 55 6S
1P 1.00 0.53* 0.52* 011 011 0.16 0.07 -0.04 0.05 -0.15 0.09 -0.01
2P 0.53 1.00 0.57* 0.00 0.32* 0.23 -0.07 0.03 0.12 0.06 0.07 0.00
3P 0.52 0.57 1.00 0.08 0.26 0.20 -0.03 0.05 0.05 —0.06 0.07 0.07
4P 0.11 0.00 0.08 1.00 0.48* -0.43* 0.22 0.09 0.04 0.05 0.13 0.17
5P 0.11 0.32 0.26 0.48 1.00 -0.30 -0.15 0.01 -0.07 0.24 -0.08 0.24
6P 0.16 0.23 0.20 -0.43 -0.30 1.00 0.27 0.41* 0.28 0.03 0.12 0.12
1S 0.07 -0.07 -0.03 0.22 -0.15 0.27 1.00 0.62* 0.68* 0.18 0.38* 0.36*
28 —0.04 0.03 0.05 0.09 0.01 0.41 0.62 1.00 0.54* 0.34* 0.29 0.62*
3S 0.05 0.12 0.05 0.04 -0.07 0.28 0.68 0.54 1.00 0.46* 0.61* 0.39*
4S -0.15 0.06 -0.06 0.05 0.24 0.03 0.18 0.34 0.46 1.00 0.22 0.38*
58 0.09 0.07 0.07 0.13 -0.08 0.12 0.38 0.29 0.61 0.22 1.00 0.32*
6S -0.01 0.00 0.07 0.17 0.24 0.12 0.36 0.62 0.39 0.38 0.32 1.00

21P-3P and 4P-6P: essential oils of leaves and bracts of cultivated large-leaved O. dictamnus using 6, 4, and 2 mS/cm electrical conductivity, respectively; 1S—-3S
and 4S-6S: essential oils of leaves and bracts of cultivated narrow-leaved O. dictamnus using 6, 4, and 2 mS/cm electrical conductivity, respectively. ? Correlations marked
* are significant at p < 0.05.

the results concerning the identification of the constituents with those recently published from the analysis of hydroponi-
limonene, linalool, tricyclene, and camphor are in accordance cally cultivated O. dictamnususing different phosphorus



1660 J. Agric. Food Chem., Vol. 53, No. 5, 2005 Economakis et al.

concentrations in the nutrient solutiod) (in which the above population grown in the wild. On the basis of the results from
constituents were not identified, contrary to the results published this study and results recently published by us on the same
from the analysis of the wild and cultivat€ dictamnusising subject, Cretan dittany seems to have great potential in NFT
different nitrogen concentrations in the nutrient soluti8hif cultivation, and by controlling the nutrient solution elements
which the above constituents were identified. It is noteworthy and EC, it could be possible to improve the yield and quality
that an increase in the percentagepefymene in the case of of the essential oil.
large-leavedD. dictamnusnvas accompanied by a decrease in
the percentage of carvacrdldble 1), whereas this phenomenon
is opposite in the case of narrow-leav@d dictamnugTable
2). This phenomenon is in accordance with that observed when (1) Strid, A., Tan, K., EdsMountain Flora of GreecgUniversity
phosphorus was used in the nutrient solution, especially in the Press: Edinburgh, U.K., 1991; Vol. 2.
case of leaves7). It seems likely that carvacrol might be (2) Strid, A.; Snogerup, S.; Greuter, Whe Rred Data BogkVorld
synthesized by the aromatization pfterpinene top-cymene Wide Fund for Nature (WWF): Athens, Greece, 1995.
followed by hydroxylation ofp-cymene to produce carvacrol.  (3) Economakis, C.; Demetzos, C.; Anastasaki, T.; Papazoglou, V.;
However,y-terpinene seems to play a role in this biosynthetic Gazouli, M.; Loukis, A; Thanos, C.; Harvala, C. Volatile
pathway, ang-terpinene synthase is an enzyme that is involved Z?Cr;;trﬂ:]igt;gn?;aazgq%g%a\ézs 2‘;‘3’[‘113&” cultivadeganum
in the biosynthesis of aromatic mon_Oterpen_es' This was detected (4) Fournier, I5.Le Livre dés Plélntés Medicin;elles et Venenerises
in cell-free extracts of the aromatic pla@riganumuulgare, de France; Lechevalier, P., Ed.; Paris, France, 1947; Vol. II, pp
which produces carvacrol, and assumes a key role for this 67—69.
enzyme (1011). (5) Thanos, C. Aristotle and Theophrastus on plant-animal interac-
The results from our analysis as well as from that previously tions. In Plant—Animal Interactions in Mediterranean-Type
reported concerning hydroponic cultivation @f dictamnus Ecosystems; Arianoutsou, M., Groves, R. H., Eds.; Kluwer
using different phosphorus concentrations in the nutrient solution Academic Publishers: Dordrecht, The Netherlands, 1994; pp
showed newly identified constituents (Tablearid2) (7), which 3-11. N o
have not been reported in previous studi@s). (6) Ha_lrvala, C.;_ Menounos, P.; Argiriadou, N. Essential oil from
From the above results and from those recently reported by @ gé'g::n‘ir;kg'céamsr‘klﬁisglﬁt_aD'\e/'ﬁ‘giz 1é .1%70;;32' ML Thanos
;JhSeGNIZTllzs) Zlvessi?:ngrﬁgﬂgégﬁgh;?é?%?gﬁﬁ;ltgf;%);igsgs% C. Effects of phosphorus concentration of the nutrient solution
on the volatile constituents of leaves and bract©Oofjanum
medicinal plants and seems to be a potent methodology for dictamnus.J. Agric. Food Chemistr002, 50, 627?22280.
cultivating O. dictamnussuccessfully for its chemical composi-
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