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Fourteen essential oils from inflorescences and leaves of cultivated Origanum vul-
gare L. were analyzed by GC and GC/MS. The main constituents in 6 inflorescen-
ce oils out of 7 and in 2 samples of 7 leaf oils were B-caryophyllene (15.4-24.9%),
sabinene (6.2-19.5%) and germacrene D (11.4-14.6%) and in the 4 leaf oils - p-
caryophyllene (17.2-21.3%), germacrene D (12.7-15.7%) and caryophyllene oxide
(7.6-11.1%). The percentage of sabinene in the inflorescence oils exceeded 2-3
times that in the leaf oils produced from the same plant sample. An opposite
corellation was found for caryophyllene oxide. The content of sesquiterpene hyd-
rocarbons in both parts of the plants was 43.3-62.3%. The 39 constituents iden-
tified in the inflorescence oils made up 85.4-97.9%, and 41 compounds in leaf oils
comprised 82.4-86.7%.

Key words: Origanum vulgare L., Lamiaceae, essential oil, B-caryophyllene, ger-
macrene D, sabinene, caryophyllene oxide

INTRODUCTION

Inflorescences of some subspecies of cultivated Ori-
ganum vulgare L. were investigated in Italy [1]. All
plants were of different origin. Four samples of O.
vulgare L. ssp. vulgare produced essential oils of dif-
ferent chemical composition. The first main consti-
tuent was B-caryophyllene or terpinen-4-ol or thy-
mol or p-cymene. Six oils from O. vulgare L. ssp.
hirtum were of thymol or carvacrol chemotype. Two
oils of O. vulgare L. ssp. glandulosum were of car-
vacrol type and thymol was as predominant consti-
tuent in the oil of O. vulgare L. ssp. gracile. The 7
samples of O. vulgare L. ssp. virens volatile oils con-
tained linalool or terpineol as the first major com-
ponent.

Seventy O. vulgare L. ssp. vulgare plants of diffe-
rent European origins were cloned in France [2].
Authors of the paper gave only the leaf oil chemical
composition. The oils were distributed into 6 groups
according to the main constituents. Twenty-three sam-
ples were attributed to the sabinene + [-ocimene
group; 12 oils — to germacrene D + [-caryophyllene;
22 samples — to cis-ocimene hydrate, 4 ones — to
terpinen-4-ol and 6 oils — to monoterpene hydrocar-
bons (-ocimene) group.

The oils of inflorescences and leaves with stems
from O. vulgare L. ssp. vulgare grown wild in Li-
thuania were of B-ocimene chemotype [3]. The con-

*Corresponding author.

tent of the main constituents of oils markedly dif-
fered in separated parts of plants from 7 habitats.
The percentage means of the constituents in inflo-
rescence and leaf oils were: sabinene 13.3 and 8.3%,
cis-B-ocimene 4.1 and 15.3%, trans-B-ocimene 11.0
and 8.0% (sum of B-ocimenes 15.1 and 23.3%).

The leaf oil of O. vulgare ssp. virens contained
mainly terpenoids while the calli oils n-alkanes [4].

Five different parts of O. vulgare ssp. hirtum (syn.
O. heracleoticum) plants with pink and white flow-
ers were investigated in Italy [5]. The main consti-
tuents in oils of all investigated parts of plants with
pink flowers were thymol and y-terpinene. The
amounts of the above compounds were different in
oils of separated parts: bracts — 70.4% (thymol) and
11.7% (y-terpinene), calices — 64.7 and 21.8%, ba-
sal leaves — 51.5 and 15.9%, apical leaves — 51.2
and 25.3%, corollas — 47.5 and 23.2%, respectively.
Thymol and y-terpinene were the major constituents
in some parts of plants with white flowers. The ba-
sal leaf oil of these plants contained thymol methyl
ether (36.2%) and p-cymene (20.4%) as the major
components. y-Terpinene (16.1%) was the third main
constituent. The content of thymol in the basel leaf
oil was 2.3%, while that in corollas, calices and
bracts [50%.

The investigation of the oils of the aerial parts
of O. vulgare L. plants with rose-pink, pink and near-
ly white flowers also showed differences in the che-
mical composition [7]. The levels of monoterpe-
noids — sabinene (0.3-1.6%), 1,8-cineole (0.5-1.3%),



34 Danuté Mockuté, Asta Judpentieng, Genovaité Bernotiené

cis-B-ocimene (0.2-1.4%), trans-B-ocimene (0.5—
1.3%), linalool (0.3-1.4%) and terpinen-4-ol (0.5-
1.5%) in the oils from plants with rose-pink and
pink flowers were markedly lower than in the oils
with nearly white flowers (the corresponding quan-
tities: 4.2, 6.7, 5.2, 5.4, 3.9 and 9.2%) [6]. Only plants
with white and pink flowers contained 0.2 and 0.4%
of thymol (monoterpenic phenol). The essential oil
of the aerial parts of oregano cultivated in Kaunas
Botanical Garden contained 2.3% of phenol (thy-
mol + carvacrol) and 1.9% of their derivatives [7].
Similar amounts of the above phenols were found
in the essential oils of the aerial parts of cultivated
plants in Experimental Garden of the Lithuanian
Institute of Horticulture [8]. The major constituents
of the above oil were sabinene, 1.8-cineole and ca-
ryophyllene oxide. The composition of essential oils
of commercial oregano plants (aerial parts) bought
in chemists shops [9] were similar to that of the
plants grown by investigators from St.Petersburg
(seeds from Moscow Botanical Garden) [6]. The le-
vels of compounds with the caryophylane carbon ske-
leton in both above essential oils were close and
amounted to 35.3-35.8% and 29.6-37.2%. The es-
sential oil of commercial oregano contained more
caryophyllene oxide than B-caryophyllene, while the
oil of plants from Moscow seeds contained more f3-
caryophyllene than its oxide. The amount of ca-
ryophyllene oxide in the essential oil of plants from
chemist’s shops might be increased during the sto-
rage of crushed oregano plants. The content of phe-
nol thymol in the oils of commercial plants was 1.6—-
1.7% [9].

Essential oils and preparations of oregano plants
are used in the world [10, 11] and in Lithuania [12,
13] for healing various deseases.

The oils under study were from cultivated O.
vulgare plants with rose-pink, pink and white inflo-
rescences.

MATERIALS AND METHODS

The aerial parts ((B5 cm) of cultivated plants (0.2—
1.0 kg) from 5 different gardens (indicated here by
alphabetic symbols, A-G) were collected in August
2001: sample A — Antakalnis (Vilnius city); B — Sa-
lininkai (Vilnius city); C — Seskine (Vilnius city);
D - Nemeneine (Vilnius district); E, F and G -
Aleknos (Rokiskis district).

Five samples (A-E) were from plants with pink
flowers, one (sample F) with rose-pink inflorescen-
ces and one (G sample) with white flowers. The
seeds of cultivated plants of European origin were
bought in seed shops.

All samples were collected at a full flowering
stage. The plants were dried at room temperature

(20-25 °C). Essential oils (in yield of 0.1-0.4%) we-
re prepared by hydrodistillation for 2 h of 20-100 g
of air-dried plants.

The analyses of the essential oils were carried out
by GC and GC/MS. An HP 589011 chromatograph
equipped with FID and capillary column HP-FFAP
(30 m x 0.25 mm i. d., film thickness 0.25 um) was
used for quantitative analysis. The GC oven tempe-
rature was set at 70 °C for 10 min and then pro-
grammed from 70 to 210 °C at a rate of 3 °C/min,
using He as the carrier gas (0.7 ml/min). The injector
and detector temperatures were 200 and 250 °C, res-
pectively. Analyses by GC/MS were performed using
a chromatograph interfaced to an HP 5971 mass
spectrometer (ionization voltage 70 eV) and equip-
ped with CP-Sil 8 CB capillary column (50 m x 0.32
mm i. d., film thickness 0.25 um). The oven tempera-
ture was held at 50 °C for 2 min, then programmed
from 50 to 180 °C at the rate of 3 °C/min, kept for
1 min, then programmed from 180-250 °C at the rate
of 20 °C/min and kept isothermal at 250 °C for 2 min
using He as the carrier gas (2.0 ml/min). The injector
and detector temperature was 250 °C.

The percentage composition of the essential oils
was computed from GC peak areas without correc-
tion factors. Qualitative analysis was based on a com-
parison of retention times and indices on both co-
lumns and mass spectra with corresponding data in
the literature [14-17] and computer mass spectra
libraries (Wiley and NBS 54K).

RESULTS AND DISCUSSION

The chemical composition of the essential oils from
cultivated O. vulgare L. (Tables 1 and 2) differed
from that of the plants growing wild [3]. The first
main constituent of the inflorescence and leaf oils
of 6 samples (B-G and B'-G’) was [-caryophyllene
and in one garden germacrene D (A, A’), while in
the oils of wild growing plants -ocimene was the
dominant constituent [3]. The samples A and A’
contained low levels (< 25.5%) of monoterpenoids
(in comparision with D-G oils) and a sesquiterpene
hydrocarbons made up half of the oil content (46.2
and 51.6%). The lowest quantity of monoterpenoids
was found in B and C samples of inflorescence oils
(6.3 and 7.3%) and the highest percentage of ses-
quiterpene hydrocarbons was in B’ and C’ leaf oils
(61.3 and 62.3%). The B and C inflorescence oils
contained also more sesquiterpene hydrocarbons
(56.3, 61.2%) than all other oils studied (43.3 -
51.6%). The quantity of compounds with caryophyl-
lane skeleton (caryophyllene and caryophyllene oxi-
de) was also higher in B and C oils (24.8 and
28.0%) than in other inflorescence oils (A, D-G:
12.9-20.4%). The content of these compounds in
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the leaf oils of plants from the same locality was
higher than in the flower oils, except samples A
and A’ (Tables 1 and 2). The most significant dif-
ference in the content of compounds with caryo-
phyllane skeleton was noticed between F inflores-
cence (29.4%) and F’ leaf oils (18.6%). The levels
of monoterpenoids in D’-G’leaf oils (18.4-34.6%)
were lower than in D-G inflorescence ones (38.3-
47.3%).
The other two significant

B-caryophyllene (15.4-24.9%), sabinene (6.2-19.5%)
and germacrene D (11.4-14.6%). The samples A
and A’ contained germacrene D, (-caryophyllene,
spathulenol and bicyclogermacrene as the major
components. Four leaf oils (B’, C’, E’ and F") were
characterized by high levels of -caryophyllene (17.2—
21.3%), germacrene D (12.7-15.7%) and caryophyl-
lene oxide (7.6-11.1%).

differences were noted betwe-
en inflorescence and leaf oils.

Table 1. Composition (%) of inflorescence essential oils of cultivated Origanum

vulgare L. 2
The content of sabinene in

flowers were 2-3 times higher SR | RI | A | B | ¢ | D | E | F | G
than in leaf oils of the plants |a-Thujene 931 t 04 05 17 11 05 04
from the same locality (Tables |o-Pinene 939 01 t 17 t t 06 05
1 and 2). The above regulari- Sabinene 976 58 87 195 147 157 144 171
. . -Pinene 980 0.1 0.6 0,8 14 15 11 0.9

ty of sabinene in separate Y e S - B : B o
parts of plants was noted also | roriinene 1018 - 02 05 08 06 06 12
in oils of wild-grown plants |, cymene 1026 t 07 07 06 07 05 02
[3]. The second difference was | -phellandrene 1032 02 02 - 11 t 01 13
the higher levels of caryophyl- |1,8-Cineole 1033 3.7 t = 55 39 27 78
lene oxide in leaf oils than in (2)-B-Ocimene 1040 1.1 15 2.0 6,2 4.7 5.4 5.8
flower oils of the same p|ant (E)-B—Ocimene 1050 4.3 17 2.8 6.4 6.1 6.3 6.9
samples. y—Terpti)nene . 1062 08 13 05 15 23 1.7 11
. cis-Sabinene hydrate 1068 t - - 0.5 0.4 0.1 0.2

The percentage Ofob'cydo Terpinolene 1088 t t 01 06 02 04 02
germacrene (5'4_6'7/0)_ and trans-Sabinene hydrate 1096 t - - 0.3 — 0.1 t
spathulenol (2.7-6.5%) in A= || jnalool 1099 04 12 07 11 16 07 11
C and A’'-C’ oils was higher | Terpinen-4-ol 1177 06 t 06 15 06 11 03
than in D-G and D'-G’ samp- | a-Terpineol 1187 02 01 08 14 10 06 09
les (tr. — 2.1% and 0.1-3.1%, Thymol 1290 1.2 0.1 0.2 0.2 1.4 0.5 0.4
respectively). Carvacrol 1298 t = t 0.1 = 0.2 t
The Composition of the oils E—B(I)urbonene 1387 0.2 0.8 0.7 0.6 0.9 0.5 0.6
-Elemene 1391 0.7 0.4 0.8 0.7 1.2 0.7 0.5
of plants from the same gar- g o 0 b iiene 1418 11,6 249 219 154 167 170 187
den with pink and rose-pink | g g rjunene 1432 16 17 15 18 14 06 05
flowers differed in some de- |4 Humulene 1454 25 53 47 25 37 33 32
tails from that of plants with  |allo-Aromadendrene 1461 15 11 t 0.3 = 0.1 t
white inflorescences. The re- |Germacrene D 1480 16.0 14.6 129 126 137 123 114
lative quantity of 1,8-cineole in Bicyclogermacrene 1494 6.4 5.4 5.4 0,4 0.6 2.1 1.7
the oils of both parts of plants ~|a-Muurolene 1499 1 - - 08 - 04 -t
with white flowers was higher g'g"_"mssfne 1282 5‘5 5t0 2'; g’g g'é ig ‘11'8
- . -blsapolene . . b . . . .

(5.6-7.8%) than in rose-pink |~ oo 15513 13 t t 01 t 01 02
and pink flowered plants (0.9- |5 caginene 1524 43 20 40 06 14 16 07
3.9%). The leaf oils of plants | Germacrene-D-4-ol 1574 03 01 03 t 07 10 12
with white inflorescences con- | Spathulenol 1576 65 27 30 01 09 01 13
tained higher levels of mono- |Caryophyllene oxide 1581 13 31 29 21 36 16 17
terpenoids (34.6%) than the epi-y-Eudesmol 1619 2.2 0.9 0.7 0.2 0.6 0.2 0.4
oils of flowers of other colors | epi-a-Muurolol 1642 36 15 24 03 04 09 05
(184—259%) Similar regulari— a-Cadinol 1653 1.0 0.3 0.5 1.0 1.4 1.8 1.2
ties were observed in a study 1o oanoids 189 167 313 456 418 383 473
O_f aerial parts of plants with Sesquiterpene hydrocarbons 51.6 61.2 56.3 433 457 452 443
different inflorescence colors | caryophyllane skeleton 12.9 280 248 175 203 186 204
in Leningrad region [6]. Total 854 865 974 926 951 891 97.9

The dominant constituents
in 6 inflorescences (B-G) and
in 2 leaf (D’and G’) oils were

3t — traces (< 0.1%)

Retention index on nonpolar column.
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Table 2. Composition (%) of leaf essential oils of cultivated Origanum vulgare
L.a

Component | RI | A’ | B’ | © | D’ | E’ | F | G’
a-Thujene 931 t - t t 0.3 - t
o-Pinene 939 t t t 11 0.4 t 0.4
Sabinene 976 3.8 34 45 6.2 8.1 6.5 7.7
-Pinene 980 14 t - 0.3 0.4 t 0.6
Myrcene 991 - t t 11 0.5 t 2.7
a-Terpinene 1018 0.2 - - 0.3 0.1 0.3 0.1
p-Cymene 1026 0.1 t t 0.5 04 1.7 0.3
B-Phellandrene 1032 - - t 3.9 0.9 0.1 0.3
1,8-Cineole 1033 3.4 t t 5.1 2.3 0.9 5.6
(2)-B-Ocimene 1040 5.1 0.9 1.0 3.6 5.1 55 7.8
(E)-B-Ocimene 1050 35 0.4 0.3 2.1 2.4 2.9 6.1
y-Terpinen 1062 0.3 t t 1.6 2.9 0.2 0.7
cis-Sabinene hydrate 1068 0.3 - - 0.1 0.3 t t
Terpinolene 1088 0.2 t t 0.1 t - t
Linalool 1099 0.5 0.1 t 1.1 0.2 t 0.9
allo-Ocimene 1129 3.4 0.6 t 1.9 - - t
Terpinen-4-ol 1177 0.3 0.2 - 0.9 0.8 0.1 1.2
a-Terpineol 1187 0.1 0.2 0.7 1.2 0.5 0.1 0.2
Thymol 1290 1.6 0.5 0.8 1.7 0.3 0.1 -
Carvacrol 1298 1.3 - - 0.2 - t -
3-Bourbonene 1387 0.7 3.2 0.6 1.7 1.9 5.9 2.9
-Elemene 1391 0.8 0.9 0.7 t - t 0.4
B-Caryophyllene 1418 11.0 203 213 159 172 183 16.1
B-Gurjunene 1432 15 1.6 1.6 1.1 0.9 14 0.5
a-Humulene 1454 2.3 5.3 5.0 3.1 2.8 2.3 3.1
allo-Aromadendrene 1461 1.7 t - t t 0.8 t
y-Muurolene 1477 t 11 1.5 t t 0.2 0.1
Germacrene D 1480 143 157 151 121 138 127 140
Bicyclogermacrene 1494 6.0 55 6.7 t 1.2 0.2 2.0
o-Muurolene 1499 t - t 3.9 0.1 0.7 0.1
a-Farnesene 1508 - 55 - 4.1 0.5 04 2.3
-Bisabolene 1509 24 24 A7 3.6 4.1 1.6 1.6
y-Cadinene 1513 1.4 0.4 0.1 t 0.1 t t
6-Cadinene 1524 3.7 0.4 1.2 0.9 0.6 0.1 0.6
a-Cadinene 1538 0.4 t 2.8 t 0.1 2.6 11
Germacrene-D-4-ol 1574 0.1 0.5 0.3 - 0.5 11 0.7
Spathulenol 1576 5.0 4.5 5.3 0.5 2.6 3.1 0.3
Caryophyllene oxide 1581 2.7 8.9 7.6 4.7 83 111 52
epi-y-Eudesmol 1619 0.3 0.5 1.4 0.1 0.3 0.3 0.1
epi-a-Muurolol 1642 2.3 1.1 0.7 0.2 0.4 0.5 0.4
a-Cadinol 1653 0.4 0.4 0.4 0.8 11 1.2 0.6
Monoterpenoids 255 6.3 73 330 259 184 346
Sesquiterpene hydrocarbons 46.2 623 61.3 464 433 472 448
Caryophyllane skeleton 137 292 289 206 255 294 213
Total 825 845 843 857 824 829 86.7

@ Retention index on nonpolar column, t — traces (< 0.1%).

Low contents of carvacrol were found in two
inflorescence (Table 1) and in two leaf oils (Table CONCLUSIONS
2). The percentage of thymol was 0.1-1.7% in 13

70 cloned plants in France [2].
The leaf oils of more than half
of the samples contained -ca-
ryophyllene, germacrene D, sa-
binene and caryophyllene oxi-
de as major constituents (Tab-
le 2). The large part of the
cloned plants had low quanti-
ties of phenols (< 1.5%) [2].
Carvacrol was found only in
some oils in France (up to
0.95%). The main compounds,
B-caryophyllene (13.7-31.3%)
and germacrene D (9.6-
19.2%), and low amounts (0-
0.4%) of phenols were found
in the oils of aerial parts from
Leningrad region [6].

The 39 identified consti-
tuents made up 85.4-97.9% in
the inflorescence oils. The in-
florescence oil A, beside the
constituents listed in Table 1,
contained 3.7% of terpenyl
acetate, which increased the
total sum from 85.4 to 89.1%.
The 41 identified compounds
in the leaf oils made up 82.4—
86.7%. The amount of sesqui-
terpene hydrocarbons in both
parts of the plants was 43.3—-
62.3%.

The constituents with cary-
ophyllane carbon skeleton, -
caryophyllene and caryophylle-
ne oxide, are bioactive [10, 18,
19]. The main constituent of
the essential oils studied, -ca-
ryophyllene, showed fungista-
tic and bacteriostatic activities
[10]. The above compound ex-
hibited cytotoxicity against two
human carcinoma cell lines
[18]. The cytotoxicity of (-ca-
ryophyllene enhanced indole
and indole-3-carbinol. B-Cary-
ophyllene is approved by the
U.S. Food and Drug Administ-
ration for food use [18].

out of 14 oils. One sample (G’) did not contain The main constituents of the essential oils under
phenaols. study were B-caryophyllene, sabinene, germacrene D

The chemical composition of the oils under stu- and caryophyllene oxide. The percentage of sabine-
dy was similar to that of some formerly investigated ne in the inflorescence oils exceeded 2-3 times that
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in the leaf oils produced from the same plant sam-
ple. An opposite correlation was found for caryo-
phyllene oxide.
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KULTIVUOJAMO PAPRASTOJO RAUDONELIO
(Origanum vulgare L.) PIED@ IR LAPG LAKIEJI
JUNGINIAI

Santrauka

Pydintys kultdriniai raudonéliai (Origanum vulgare L.) bu-
vo surinkti 7 soduose. biedg ir lapg eteriniuose aliejuose
vyrauja B-kariofilenas (<24,9%), sabinenas (<19,5%), ger-
makrenas D (<14,6%) ir kariofileno oksidas (<24,9%).
Kiekvieno augalg pavyzdpio pieduose randama kur kas
daugiau sabineno negu jg lapuose, o lapai sukaupia dau-
giau kariofileno oksido negu piedai. Seskviterpeniniai jun-
giniai sudaro didpiaja dali lakigje komponentg tiek hie-
duose, tiek lapuose (43,3-62,3%). Trisdedimt devyni jun-
giniai, identifikuoti piedg eteriniuose aliejuose, sudaro
85,4-97,0% ir keturiasdedimt vienas junginys, identifikuo-
tas lapg eteriniuose aliejuose, — 82,4-86,7%.



