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The analysis of volatile oils’ chemical composition by modern chromatographic methods is of great
importance nowadays. The chemical composition of the same plants’ volatile oil may be changed
depending on climatic and cultivating conditions. The chemical composition of a range of plants’
volatile oils (such as Smoke tree, Bulbous-rooted chervil, Oregano ordinary, Valeriana cardiola,
Germander) studied by GC-MS method, proves, that by chemical composition volatile oils of plants
growing in Armenian flora differ from the ones growing in other countries. Besides the chemical

composition of the same plants’ volatile oils growing in the same flora (Armenian floral also differ
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depending on cultivating conditions wild, hydroponic, soil culture).
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INTRODUCTION

The Armenian flora is stood out by the variety of its medicinal
and edible plants. Here small plants as well as trees and shrubs
are met. Specific role plays beneficial climate. Based on world
literature data, we conclude that climatic-geographical factors
have a great influence on chemical composition of plants [1-5],
especially on volatile oil’s chemical composition [6-11]. We
have studied chemical composition of several valuable
medicinal plants’ volatile oils, such as Bulbous-rooted
chervil’s herb (Chaerophyllum bulbousum), Smoke tree’s
leaves (Cotinus coggigria), Oregano ordinary’s herb
(Origanum vulgare), Germander’s herb (Teucrium polium), as
well as Valeriana cardiola’s roots and rhizomes (Valeriana
cardiola) and Teucrium polium’s herb cultivated in soil
conditions and Teucrium polium’s herb cultivated in
hydroponic conditions.

MATERIALS AND METHODS

As a material served plants from Armenian flora:
1. Bulbous-rooted chervil’s herb collected from Kapan
region
2. Smoke tree’s leaves collected from Yerevan

3. Rhizomes and roots of Valeriana cardiola cultivated
by us in Zovuni region

4. Oregano ordinary’s herb collected from Lori region

5. Teucrium polium’s herb collected from Vokhgaberd
region

6. Teucrium polium’s herb cultivated in soil and
hydroponic conditions.

The primary processing and drying was carried out by WHO
GACRP instructions [12, 13].

Volatile oil was derived from above mentioned plants by
hydro-destillation method [14] and the chemical composition
of volatile oils was determined by GC-MS method.

Volatile oil analysis was carried out by the gas
chromatography- mass spectrometry (GC-MS) method on gas
chromatograph with mass selective spectrometer from
BRUKER company (USA). An OPTIMA-FFAP capillary
column (0.25 mkm, 60 m*0.25 mm (ID, MACHEREY-
NAGEL, Germany) was used for the separation of volatile oil
compounds .Helium gas carrier flow-rate 1.0ml/min, volume
of injected sample 2mkl, the oven temperature 220°C,
temperature gradient 50°C (2min), split-separation -5.
Compounds were identified using the NIST Mass spectral
Search Program.
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The content of components was calculated by GC peak’s area,
without correction factors. Identification of components was
carried out by their retention times. Quantitative analysis of
components was determined by internal normalization method.

THE RESULTS AND DISCUSSION

The analysis of the volatile fraction of Chaerophyllum
bulbousum L. (Apiaceae) by capillary GC-MS method
demonstrated the presence of at least 33 components. The
results are shown in the pic. 1. The research has shown, that
the amounts of only 15 components exceed 1% and the main
components are f-caryophyllene epoxide(21.9%), 6-[(1E)-1,3-
dimethyl-1,3-butadienyl]-1,5,5-trimethyl-7-
oxabicyclo[4.1.0]Thept-2-ene(12.9%), pulegone (10.4%), 3-
methyl-Spropylnonane(7.95%), eucalyptol (6.8%), p-cis-
caryophyllene(5.1%), 1-menthone(5%), dodecane(4.98%),
spathulenol(3.35%), (+)- valeranone(2.87%). From 33
components only 9 of them are of terpenoid structure.

From sesquiterpenes p-caryophyllene epoxide, [-cis-
caryophyllene, spathulenol, (+)- valeranone, o-humulene
epoxide II and from monoterpenes pulegone, eucalyptol, 1-
menthone predominate.
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Pic.1 (a, b) GC-MS spectrum of essential oil of Chaerophyllum
bulbousum.

1-Dodecane (16.34%); 2-Eucalyptol (17.62%*); 3-3-Methyl-5-
propylnonane (26.37%*); 4-I-Menthone (30.42%*); 5- [-Menthone
(31.86%);  6-1,7,7-Trimethylbicyclo[2.2.1]hept-2-yl  acetate
(35.9%); 7-Nonadecane (36.09*); 8-B-cis-Caryophyllene
(36.48%); 9-Menthol (36.65*); 10-Yomogi alcohol (37.33%);
11-Patchoulene (37.7%); 12-(%)-Pulegone (39.37%); 13-3-
Isopropyl-4a,5-dimethyloctahydro-2(1H)-naphthalenone
(52.35%); 14-B-Caryophyllene epoxide (53.84%); 15-(%)-
Globulol (54.36%*); 16-o-Humulene epoxide II (56.07%); 17-
Perhydrofarnesyl  acetone  (58.66%);  18-(+)-Valeranone
(58.9%); 19-Spatulenol (59.14*); 20- 6-[(1E)-1,3-Dimethyl-
1,3-butadienyl]-1,5,5-trimethyl-7-oxabicyclo[4.1.0]hept-2-ene
(62.29%); 21-Spathulenol (63.9%*); 22-B-Caryophyllene epoxide
(68.1%); 23-Butyl 4,7,10,13,16,19-docosahexaenoate (69.66%);
24-y-Gurjunenepoxid-(2) (69.88%).

* - Retention time (min)

The volatile oil of Oregano ordinary contains more than 70
terpenoids. The main terpenoids are aromatic terpenoids such
as -caryophyllen epoxide (13.36 %), B-caryophyllen (8.18 %)
and carvacrole (2.38%). In volatile oil of Oregano ordinary
sesquiterpenoids also predominate.Their total amount is 25%
from general amount. From bicyclic sesquiterpenoids
germacrene D (3.80%), ent-spathulenole (3.77 %), B-
bisabolene (3.24%), humulene (2.68%), burbonene (2.21%),
elixene (1.34 %), leden oxide (0.88 %), acyclic sesquiterpene
a-trans-  farnesene  (1.19%), a-cadinol (0.50 %),
isoaromadendrene epoxide (0.60 %), aromadendrene
oxide(0.29 %), perillene (0.04 %) are present.

The amount of monocyclic monoterpenes in volatile oil is
more than 9%.From which cys-f-terpineol (2.57 %), L-4-
terpineol (2.34 %), ecucalyptole (1.95%), dihydroedulanell
(1.93%), a-terpinolene (1.58 %), D-limonene (0.73%), -
phellandrene (0.18%), longipinocarvone (0.12 %), berbenone
(0.05 %), sulkatone (0.1 %) and peryllene (0.05 %) are
present.

1.3% of volatile oil are bicyclic monoterpenoids, such as
sabinene (3.10 %), B-pinene epoxide (0.96 %), B-tujene (0.72
%), camphene (0.18 %), a-pinene epoxide (0.05 %).

Diterpen trans-phythole (0.057%) is also present in volatile oil
of Oregano ordinary.

Almost 9% of volatile oil are acyclic monoterpenes, from
which O-Cymene (5.22 %), trans- B - ocimene (3.81 %), B-
linalool (2.90 %), cis-Geraniol (0.25 %).
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Pic.2 GC-MS spectrum of essential oil of Oregano ordinary
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1- B-Thujene (10.48%); 2- camphene (11.77*); 3 - B-Pinene
(12.88*); 4-(+)-Sabinene (13.36%); 5- B-Pinene (14.95%); 6- a-
Terpinolene  (15.82%);  7-D-Limonene  (16.7%);  8-B-
Phellandrene (17.18%); 9-Eucalyptol (17.7%); 10-trans-f3-
Ocimene (18.34%); 11- y-Terpinene (19.07*); 12- trans-p-
Ocimene (19.35%); 13- Ethyl amyl ketone (19.87%); 14- o-
Cymene (20.43*); 15 - 4-methyl-3-(1-methylethylidene)-1-
cyclohexene (20.9%); 16- Sulcatone (23.91%); 17- a-Pinene
epoxide (24.67%); 18- cis- Geraniol (25.33%); 19 - 3-Octanol
(26.69%); 20- Berbenone (26.82%); 21- Perillene (27.7%); 22-
Matsuika alcohol (29.45%); 23-cis-B-Terpineol (30.42%); 24-
Elixene (30.76*); 25- Dihydroedulan II (31.68%); 26-2,4-
Nonadienal (31.94%); 27-(-)-B-Bourbonene (32.77%); 28- B-
Linalcol (34.26%); 29- B-Caryophyllene (36.9%); 30- L-4-
terpineol (37.19%); 31- Alloaromadendrene (38.86%); 32-
Humulene (40.06%); 33- a-Terpeniol (41.54%), 34-
Germacrene D (41.92%); 35- I-B-Bisabolene (42.47*); 36-
Elixene (42.96%*); 37- a-trans-Farnesene (43.22%); 38-(+)-9-
Cadinene (43.8%); 39- B-Caryophyllene epoxide (51.34%); 40-
B-Caryophyllene epoxide (53.58%), 41- [-Caryophyllene
epoxide (54.18%); 42-(47,67,97)-4,6,9-Nonadecatriene
(55.83%); 43- Ent-Spathulenol (59.26%*); 44- a-Cadinol (61.4%*);
45- Isoaromadendrene epoxide (61.55%); 46- Carvacrol /
Isothymol (62.23*); 47- Ent-Spathulenol (62.95%); 48- o-
Cadinol (63.09%); 49- Longipinocarvone (64.86%); 50-
Aromadendrene oxide-(2) (65.07*); 51- Ledene oxide-(II)
(65.23*); 52- Tetracyclo[6.3.2.0(2,5).0(1,8)]tridecan-9-0l,4,4-
dimethyl (65.43%); 53- Megastigma-4,6(Z),8(Z)-triene (65.9%);
54-  Tricyclo[5.2.2.0(1,6)Jundecan-3-0l, 2-methylene-6,8,8-
trimethyl (67.02%); 55-6-Isopropenyl-4,8a-dimethyl-
1,2,3,5,6,7,8,8a-octahydro-2-naphthalenol (67.42%); 56- -
Caryophyllene epoxide (67.69%); 57- B-Caryophyllene epoxide
(68.12%); 58- cis-Z-a-Bisabolene epoxide (68.5%); 59- Lauric
acid (71.3%); 60- Aromadendrene oxide-(1) (73.25%); 61-
Dibutyl phthalate (78.38%*); 62- Palmitic acid (84.11%)

* - Retention time (min)

In volatile oil of Smoke tree leaves 24 compounds were
determined, from which 10 are of terpenoid structure. Almost
all terpenoids are monocyclic monoterpenoids. Acyclic
monoterpen linalool also is present (3.77 %). The
predominated monocyclic monoterpen is pulegone (25.49%).
From monocyclic monoterpenoids cys-cinerolone (21.81%),
cys-menthone (13.30%), o- terpineol (12.94%), eucalyptol
(9.04%), L-4-terpineol (8.20%), 1,4 dihydroxy-para menth-2-
ene (3.72% ) are present. The results are shown in pic. 3.
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Pic.3 (a,b). GC-MS spectl)’um of essential oil of Smoke tree

1-Tetradecane (16.39%); 2-Eucalyptol (17.64*); 3- Tetradecane
(26.38*); 4-cis-Menthone (30.44%); 5- cis-Menthone (31.87%);
6-B-Linalool (34.19%); 7-2-Methyldecane (36.11%); 8-L-4-
terpineol (37.1%); 9-cis-2-p-Menthen-1-ol (37.32%); 10-(%)-
Pulegone (39.37*); 1l-a-Terpineol (41.52%); 12-cis-
Cinerolone (70.51%).

*-Retention time (min)

In Valerian volatile oil 71 compounds such as monoterpenes,
sesquiterpenes and aromatic substances of other non-
terpenoidal structure are determined. The results are shown in
pic. 4.

65.34% of all recognized compounds are 48 sesquiterpenes
.The major component is bicyclic monoterpen bornyl
acetate(11.35%). 5,54% are monocyclic monoterpenes., from
which P- cymene(1.59%),0- terpinolene (0.66%), D-limonene
(0.45%) apple oil (0.31%), B- phellandrene (0.22%),0-
terpineol acetate(0.16%),a- cyclocitrale(0.13). Also 9 bicyclic
monoterpenes were determined, total amount of which was
25.58%. Some of them are camphene (6.26%), myrthenyl
acetate (4.35%), camphene (1.30), B- pinene (1.12%), o-
pinene (0.49%), a- tujone (0.15%).
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Pic. 4 GC-MS spectrum of essential oil of Valeriana cardiola.
1- d-o-Pinene (10,517), 2- Camphene (11,817), 3- B-Pinene
(12,95"), 4- D-Limonene (16,8"), 5- B-Phellandrene (17,28"),
6- y-Gurjunene (29,7, 7- 8-Elemene (30,27*), 8- a-Guaiene
(32,819, 9- (-)-Aristolene (33,36"), 10- 1-Methyl-4-
methylene-2-(2-methy1-1-propeny1)-1-vinylcycloheptane
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(34,36"), 11- Bornyl acetate (36,33"), 12- a-Gurjunene (37,9,
13- Alloaromadendrene (38,97°), 14- a-Caryophyllene
(40,027), 15- Myrtenyl acetate (41,17, 16- Germacrene D
(41,83"), 17- I-Zingiberene (42,09"), 18- Elixene (43,02°), 19-
o-trans-Bergamotenol (44,39"), 20- Epiglobulol (44,62°), 21-
(-)-Myrtenol (45,797, 22- y-Elemene (47,12"), 23- 3-t-Butyl-4-
methoxyphenol methyl derivative (48,65*), 24- 3-Isopropyl-
4a,5-dimethyloctahydro-2(1H)-naphthalenone ~ (52,5"), 25-
Viridiflorol (54,57, 26- d-Ledol (55,657, 27- a-Cadinol
(56,54*), 28-  1,2,7,7-Tetramethylbicyclo[2.2.1Theptan-2-ol
(56,76"), 29- Elemol (57,4"), 30- B-Eudesmol (58,18"), 31- (+)-
Valeranone (59,15"), 32- B-Bisabolol (60,097, 33- Patchouli
alcohol (61,44"), 34- o-Neoclovene (62,77°), 35- Ent-
Spathulenol (64,02"), 36- 8-Cedren-13-ol (64,65"), 37-
Alloaromadendrene oxide-(2) (65,63, 38- 2-(4a,8-Dimethyl-
1,2,3,4,4a,5,6,7-octahydro-2-naphthalenyl)-2-propen-1- ol
(67,127), 39- cis-B-Guaiene (68,19"), 40- Isoaromadendrene
epoxide (697), 41- y-Gurjunenepoxide-(2) (69,96), 42-
Drimenol (72,52°), 43- Butanoic acid, 2-methyl-, 2-methoxy-
4-(2-propenyl)phenyl ~ester (75,09"), 44- 2-Tridecynyl
pentanoate (75,62"), 45- Diisooctyl phthalate (78,12"), 46-
8S,14-Cedrandiol (80,84"), 47- 6-lsopropenyl-4,8a-
dimethyloctahydro-1(2H)-naphthalenone (85,13 ")

*-Retention time (min)

From sesquiterpenes o-neocloven (8.66%), valeranone
(6.75%),y-  gurjunene  (3.95%),  3-isopropyl-4a,  5-
dimethyloctahydro-2(1H)-naphtalenon  (3.87%), patchuoli

alcohol (3.78%), viridifluorol (3.56%), elixene (2.68%), o-
gurjunene(2.56%), drimenol (2.02%),0- elemene(1.93%),
elemol (1.76% ),y- gurjunen-epoxide (1.71%), ent-spathulenol
(1.63% ), 8-cedren-130l (1.63%), o-ledol (1.22%), 6-
isopropenyl, 4,8 a-dimethyl octahydro-1(2H) naphtalenone
(1.20%), alloaromadendren (1.20%),B-lonone (1.18),a-cadinol
(1 12%), isoaromadendren epoxide(1.11%), bisabolol (0.91%)
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Pic. 5. GC-MS spectrum of essential oil of soil Teucrium polium.

The analysis showed, that volatile fraction of Teucrium
polium, which was cultivated in hydroponic conditions
contains more than 14 terpenoids and the major components
are a-bisabolol (53.49%), farnesole (11.68%) and elemole
(8.86%). Volatile oil of Teucrium polium, cultivated in soil
conditions contains 12 compounds, from which amount of
sesquiterpenes predominates-a-bergamoten (73.665),
cycloisolongvifolen  8-hydroxi (5.08%) and aromatic
monoterpene benzoic acid-2-(1-oxapropyl) (6.43%). In volatile
fraction of Teucrium polium growing wildly 14 terpenoids are
determined, from which sesquiterpenoids spathulenole
(23.54%), nerulidole (17.425) and caryophyllene oxide
(16.48%) predominate. In volatile fraction of all types of

Teucrium polium the same terpenoids exist pinene 3-ol,
farnesene and tetrahydrogeranylacetone. Hydroponic type is
more rich in sesquiterpenoids and bicyclic monoterpenoids,
whereas chemical composition of wild and soil types are close
to each other and they contain B-pinene, limonene, germacrene
D, which haven’t been discovered in hydroponic type.

1- B-pinene (7.69%); 2- limonene (8.58%); 3 - pinene-301
(10.52%*); 4 — myrthenal (11.31%*); 5 - hermacren-D (13.91%); 6
— pharnesene (14.84*%); 7 — elemene (16.56*%); 8 - a-
bergamotene (16.68%); 9 - cycloizoloncvipholene-8-hydroxi
(17.03*%); 10 - patchoulane (17.12%*); 11 - tetrahydro-
heranilaceton (19.40%); 12 — benzoic acid 2-(1-oxopropile)
(21.21%).

* - Retention time (min)
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Pic. 6 GC-MS spectrum of essential oil of wild Teucrium polium.

1 - B-pinene (7.69%); 2 - limonene (8.58%); 3 - carveole
(10.50%*); 4 — pinene-30I (10.52%*); 5 - myrthenol (11.33%); 6 —
hermacren-D (13.91*); 7 — cyclobuta [1,2,3,4] dicyclopentan,
decahydro-3-a.-methyl-6-methilen-1(1-methil-ethil) (14.06%);
8 - pharnesene (14.84%); 9 - pharnesole (16.22%); 10 -
nerolidole (16.24%*); 11 - spathulenole (16.61%); 12 -
caryophilene oxide (16.66*); 13 — leden oxide (16.91%); 14 -
tetrahydro-heranylacetone (19.40%).

* - Retention time (min)
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Pic. 7 GC-MS spectrum of essential oil of hydroponic Teucrium
polium.
1 - pinene-30n (10.43%); 2 - (E)-3-carene (10.50%); 3 -pinene-
301 (10.52%); 4 - mirtenal (11.31%); 5 - mirtenol (11.33%); 6 —
pharnesene (14.84%); 7 — elemol (16.14*); 8 - a-bisabolol
(16.24*); 9 - spathulenol (16.61*); 10 - caryophylene oxide
(16.66%); 11 - eudesmole (17.46); 12 — pharnesen epoxide
(17.54); 13 - cyklopenta[1,3], cyklopropa[1,2] cykloheptene-
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3(3ah)-On, 1,2,3b,6,7,8- hexahydro, 6,6-dimethyl (17.78%); 14
- tetrahydro-heranilaceton (19.40%).
* - Retention time (min)

CONCLUSION

1.

First time the chemical composition of volatile oil of
several plants of Armenian flora such us Bulbous-
rooted chervil's herb, Oregano ordinary's herb,
Smoke tree's leaves, Valeriana cardiola’s roots and
Teucrium polium's herb was studied by GC-MS
method.

The analysis has shown, that geographical and
climatic factors influence on chemical composition of
planth. Plants growing in Armenian flora are rich in
sesquiterpenoids.

First time the chemical composition of Valeriana
cardiola’s roots volatile oil was studied and the
composition is close to the chemical composition of
Valeriana officinalis volatile oil.

First time the chemical composition of Teucrium
polium's volatile oils growing in different conditions
was studies and compared. And the results of analysis
has shown, that the composition of Teucrium
polium's volatile oil, which is growing wildly
different grown the one that is cultivated in
hydroponic conditions.
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