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The aerial parts of Salvia officinalis L. plants were collected in 5 gardens in
Vilnius district. Essential oils were prepared by hydrodistillation of air-dried
plants and analysed by GC and GC/MS methods. The main constituents of the
oils were 1.8-cineole (6.8-8.2%), cis-thujone (14.8-19.0%), borneol (6.6-8.0%),
o-humulene (7.6-8.7%), viridoflorol (7.2-8.2%) and manool (6.4-10.4%). The
amounts of toxic cis- (the first major constituent) and trans-thujones and other
limited compounds (a-pinene, camphene, limonene, 1.8-cineole, camphor, lina-
lool and is derivatives, bornyl acetate and a-humulene) met the requirements
of ISO 9909 (1999) standard. The largest part of essential oil comprised oxy-
genated terpenes (64.4-67.7%). The 89 identified compounds made up 97.5-
98.2% of the oils.
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INTRODUCTION

Essential oils of Salvia officinalis L. are used for
healing different diseases [1, 2]. The healing power
of a-thujone and 1.8-cineole chemotypes of the oils
are presented in [1]. Both essential oils contain
different amounts of a-thujone, 1.8-cineole, camphor,
o-humulene, borneol, camphene, a- and [-pinenes
alongside the compounds characteristic for each
chemotype. Stimulant and antibacterial properties are
exhibited by both oils. The oil of a-thujone chemo-
type has antiviral and antifungal properties beside
the above [1]. The aerial parts of the sage in Li-
thuania are used in the mixtures of medicinal plants
for healing digestion and circulation disturbances,
bronchitis, angina, skin and other deseases [3]. Anti-
oxidant activity of the essential oil (chemical compo-
sition was not given) produced by sage of the expe-
rimental garden of the Lithuanian Institute of Hor-
ticulture was the lowest in composition with other
extracts (acetone, methanol, CO,, water) [4, 5].

The chemical composition of the essential oil of
the sage had been investigated in different countries
[6, 7]. The data were reviewed in [7] and the sage
commercial essential oils were divided in to 5 groups
according to the amounts of the major constituents:

1. Camphor > a-thujone > 1.8-cineole > B-thu-
jone;

2.Camphor > a-thujone > 3-thujone > 1.8-cineole;
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3. B-thujone > camphor > 1.8-cineole > a-thujone;

4. 1.8-cineole > camphor > a-thujone > (-thujone;

5. a-thujone > camphor > B-thujone > 1.8-cineole;

The autors of [5] regarded the last group as the
best choice with 5.3% of 1.8-cineole, 27.1% a-thu-
jone, 6.2% [-thujone and 18.5% camphor.

The later investigations showed that some of the
above main constituents were found in numerous
essential oils of the sage [8-18]. The first major
constituent of the volatile oil in Portugal was a-
thujone [8, 9]. The amounts of 1.8-cineole, camp-
hor, a- and B-thujones and other constituents de-
pended on the collection time and the ratio of dif-
ferent plant parts in samples of sage used for es-
sential oil preparation [9]. The composition of the
flower, leaf and stem oils differed markedly in Por-
tugal [9], Serbia and Montenegro [10]. The flower
oils contained lower quantities of a-thujone, cam-
phor and viridoflorol than the leaf oils. An oppo-
site correlation was noted for borneol. Viridiflorol
in the oils of the aerial parts [8] and of leaves [9,
10] was among the five major constituents. The
leaves occupying different position in plants of S.
officinalis x S. fructicosa produced essential oils
containing different amounts of the constitutents
[11]. Diterpene manool was the major constituent
in some flower oils in Serbia and Montenegro [10].
o-Thujone was the first main constituent in Reunion
Island [12], in some oils in Albania [13], Poland
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[14] and New Zealand [15]. Some oils of the latter
three countries contained camphor as the first main
costituent. The amount of camphor exceeded that
of a-thujone in Croatia [16] and Italy [17, 18]. The
composition of the essential oil of S. officinalis L.
ssp. altissima growing in Cuba differed from all the
above mentioned oils [19]. Its main constituents were
germacrene D (32.9%), B-caryophyllene (31.8%) and
caryophyllene oxide (23.2%).

The standard ISO 9909 (1999) for the essential
oils of sage S. officinalis L. [9] is (%):

o-Thujone  18.0-43.0 a-Pinene 1.0-6.5

B-Thujone 3.0-8.5 Camphene 1.5-7.0

Camphor 4.5-24.5  Limonene 0.5-3.0

1.8-Cineole 5.5-13.0  Linalool and <1
its ester

o-Humulene 0-12.0 Bornyl acetate < 2.5

The above standard covered nearly all essential
oils investigated by authors of [7-18, 20]. The wide
interval of the percentage of a-thujone (18.0-43.0%)
and B-thujone (3.0-8.5%) given in the standard
supposes the existence of the sage commercial oils
with large amounts of toxic thujones [21]. Using
drinks and meals with thujone for a long time caused
seizures and dementia [21]. For example, the banned
liqueur absinthe caused a lot of deseases. Prepara-
tions of Salvia folium with a reduced amount of
thujone were prepared by authors of [22].

The content of thujones in the essential oils
under study is at the lowest limit of the standard.

MATERIALS AND METHODS

The aerial parts of Salvia officinalis L., collected in
2002 in different localities of Vilnius district, were
air-dried at room tem-

programmed from 70 °C to 210 °C at a rate of 3 °C/
min using He as a carrier gas (0.7 ml/min). The
injector and detector temperatures were 200 °C and
250 °C, respectively. Analyses by GC/MS were carried
out on an HP 5890 (Hewlett Packard) gas chromato-
graph equipped with a HP 5971 mass selective de-
tector and a HP 7673 split/splitless injector. The
separation was performed on a CP-Sil 8CB silica
capillary column (50 m x 0.32 mm; film thickness
0.25 pm). The GC oven temperature was programmed
as follows: from 60 °C (isothermal for 1 min) in-
creased to 160 °C at a rate of 5 °C/min and to 250 °C
at a rate of 10 °C/min, and the final temperature was
kept for 5 min. The temperatures of the injector and
detector were 250 °C and 280 °C, respectively. The
flow rate of carrier gas (helium) was 1 ml/min. Mass
spectra in electron mode were generated at 70 eV.

The percentage composition of the essential oils
was computed from GC peak areas without correc-
tion factors. Qualitative analysis was based on the
comparison of retention indexes on both columns
and mass spectra with corresponding data in the
literature [23, 24] and the computer mass spectra
libraries (Wiley and NBS 54K).

RESULTS AND DISCUSSION

The amount of the first major constituent cis(a)-
thujone varied from 14.8 to 19.0% and that of its
trans-isomer from 3.0 to 3.4% in all essential oils
of plant aerial parts collected in 5 gardens (Table).
The above amounts of toxic ketones were at the
lower limit of the standard ISO 9909 (1999) [7].
Both thujones did not exceed 22.4% of the oils.
Near the same percentage of cis- and trans-thujones
was found in the volatile oils of aerial parts of plants
from Croatia [16], in the flower oils from Portugal
[9] and in the leaf oils from Serbia and Montenegro
[10].

Table. Chemical composition (%) of the essential oils of Salvia officinalis L. growing

RI A B C D E | Mean

3 4 5 6 7 8 9

perature (20-25 °C). Es-
sential oils (0.7-1.4%) | ab'c. Ahemical
were prepared by hydro- in Vilnius district®
distillation (2 h) of 10- [No Compounds
25 g air-dried samples. ; >

Analyses of the essen-
tial oils were carried out |1  Tricyclene
by GC and GC/MS. A |2  a-Thujene
HP 5890 II chromato- |3  O-Pinene
graph equipped with FID |4 ~ Camphene
and a HP-FFAP capillary 7 [Pl

6  Myrcene

column (30 m x 0.25 mm) 7 a-Phellandrene
was used for quantitative | a-Terpinene
analysis. The GC oven |9 . Cymene
temperature was set at 10 Limonene
70 °C for 10 min and then |11  1.8-Cineole

926 tr. tr. tr. tr.
931 tr. tr. tr. tr. tr.
939 2.7 3.0 2.5 2.7 2.4 2.7
953 2.3 2.8 1.7 2.1 1.4 2.1
980 2.1 2.6 1.8 2.0 1.5 2.0
991 0.5 0.7 0.5 0.5 0.4 0.5
1005  tr. tr. tr. tr. tr. tr.
1018 0.1 0.1 0.1 0.1 0.1 0.1
1026 0.3 0.1 0.2 0.1 0.3 0.2
1029 0.6 0.5 0.5 0.7 0.6 0.6
1033 6.6 8.2 7.9 8.2 7.6 7.7

217



Danuté Mockuté, Ona Nivinskiené, Genovaité Bernotiené, Rita Butkiené

Table (continued)

7 | 2 |3 |« s |6 |7 |s8] o
12 y-Terpinene 1062 02 03 0.2 0.2 0.1 0.2
13 Terpinolene 1088 0.1 0.1 0.1 0.1 0.1 0.1
14 cis-Thujone 1102 174 17.6 17.2 180 148 17.0
15 trans-Thujone 1114 3.0 33 34 34 33 33
16 Camphor 1143 40 40 38 4.1 34 39
17  trans-Pinocamphone 1160 0.2 0.2 0.2 0.2 0.2 0.2
18 Borneol 1165 7.0 80 7.0 79 66 73
19 cis-Pinocamphone 1173 0.1 0.1 0.1 0.1 0.1 0.1
20 Terpin-4-ol 1177 0.5 0.5 0.5 0.5 0.5 0.5
21 p-Cymen-8-ol 1183 0.1 0.1 tr. 0.1 0.1 0.1
22 a-Terpineol 1189 0.1 02 02 02 01 0.2
23 Myrtenol 1194 02 03 02 02 03 0.2
24 trans-Carveol 1217 0.1 0.1 0.1 0.1 0.1 0.1
25 cis-Carveol 1229 tr. tr. tr. tr. tr. tr.
26 Dihydrolinalyl acetate 1275  tr. 0.1 0.1 tr. tr. tr.
27 Bornyl acetate 1285 0.3 0.3 0.1 0.2 0.1 0.2
28 p-Cymen-7-ol 1287 0.1 0.1 tr. tr. 0.1 0.1
29 Thymol 1290 0.1 0.1 tr. 0.1 tr. 0.1
30 trans-Sabinyl acetate 1291 0.0 0.1 tr. 0.1 tr. tr.
31 Carvacrol 1298 0.1 0.1 0.2 tr. 0.1 0.1
32 Carvyl acetate 1337 tr. tr. tr. tr. 0.1 tr.
33 a-Cubebene 1351 0.1 0.1 0.1 0.1 0.1 0.1
34 Eugenol 1356  tr. tr. tr. tr. 0.1 tr.
35 o-Ylangene 1372 02 02 02 02 02 02
36 a-Copaene 1376 0.5 0.5 0.6 0.5 0.6 0.5
37 [B-Bourbonene 1384 0.1 02 0.1 0.1 0.1 0.1
38 B-Cubebene 1390  tr. tr. tr. tr. tr. tr.
39  y-Caryophyllene 1404 0.1 0.1 0.1 0.1 0.1 0.1
40 o-Gurjunene 1409 0.1 tr. tr. 0.1 tr. tr.
41 B-Caryophyllene 1418 45 40 40 36 38 4.0
42 B-Gurjunene 1432 02 02 02 0.1 02 02
43 a-Guaiene ??? 1438 0.1 0.1 0.1 0.1 tr. 0.1
44  Aromadendrene 1439 1.3 1.2 1.3 1.2 1.2 1.2
45 a-Humulene 1454 8.7 7.6 7.8 7.6 7.8 7.9
46 allo-Aromadendrene 1461 0.5 0.5 0.4 0.4 0.4 0.4
47  y-Gurjunene 1473 0.1 0.1 0.1 tr. tr. 0.1
48 y-Muurolene 1477 0.8 0.9 0.8 0.8 1.0 0.9
49 Germacrene D 1480  tr. 0.1 0.1 tr. 0.1 0.1
50 B-Selinene 1485 0.1 0.1 0.1 0.1 0.1 0.1
51 cis-B-Guaiene 1490 02 04 02 02 02 02
52 Viridiflorene 1493 1.1 1.1 1.3 1.1 1.2 1.2
53 a-Muurolene 1499 02 02 02 02 03 0.2
54  trans-B-Guaiene 1500  tr. 0.1 tr. 0.1 tr. tr.
55 y-Cadinene 1513 04 04 04 03 04 04
56 cis-Calamenene 1521 0.1 0.1 tr. tr. 0.1 0.1
57 &-Cadinene 1524 1.1 1.1 1.3 1.1 1.5 1.2
58 Cadinadiene-1,4 1532 0.1 0.1 0.1 0.1 02 0.1
59 o-Cadinene 1538 0.1 0.1 0.1 0.1 0.1 0.1
60 a-Calacorene 1542 0.2 0.1 0.2 0.2 0.1 0.2
61 cis-Sesquisabinene hydrate 1545 0.1 0.1 0.1 tr. 0.1 0.1
62 B-Calacorene 1562 0.1 0.1 tr. tr. tr. tr.
63 Germacrene D-4-ol 1568 0.1 0.1 tr. tr. tr. tr.
64 Spathulenol 1576 02 0.3 0.5 04 06 04
65 Caryophyllene oxide 1581 09 09 09 05 09 08
66 Viridiflorol 1590 8.0 7.2 7.7 7.6 8.2 7.7
67 Humulene epoxide II 1606 2.0 2.1 2.4 2.1 2.6 2.2
68 B-Oplopenone 1607 0.1 0.2 0.1 tr. 0.1 0.1
69 1,10-di-epi-Cubenol ??? 1614 0.3 0.3 0.3 0.3 0.3 0.3
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The percentage of 5
compounds — 1.8-cineole
(6.6-8.2%), borneol (6.6—
8.0%), a-humulene (7.6
8.7%), viridoflorol (7.2-
9.0%) and manool (6.4-
11.4%) — was similar. The
above compounds occup-
ied the second to sixth
places in the row of the
main constituents. The
seventh and eight main
constituents were cam-
phor (3.4-4.2%) and pB-
caryophyllene  (3.6-
4.5%).

The amounts of all
limited monoterpenoids
were close to the lowest
limit of the standard
ISO 9909. The percent-
age of limited monoter-
pene hydrocarbons a-
pinene (2.4-3.0%), cam-
phene (1.4-2.8%) and
limonene (0.5-0.7%)
met the requirements of
the standard (Introduc-
tion). The quantities of
oxygenated monoterpe-
nes (beside cis- and
trans-thujones) 1.8-cin-
eole, camphor, dihydroli-
nalyl acetate (tr.—0.1%)
and bornyl acetate (0.1-
0.3%) also were close to
the lower limit of the
standard. Only one ses-
quiterpene hydrocarbon
o-humulene was limited
(Table) and the amount
of it was close to the
upper limit [9]. Nearly
the same quantities of
o-humulene had been
found in leaf oils in
Portugal [9], Serbia and
Montenegro [10].

Borneol in the oils
under study was among
the main constituents
(Table). The above com-
pound in a lot of early
investigated sage oils was
found in the amounts
< 6% [7-18]. The per-
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Table (continued)

compounds were identi-

1| 2

| s |+ 5 o7 ]8]¢

fied. The largest part of
the constituents com-

70  Selina-3,11-dien-6-a-ol

71 Caryophylla-4,8-dien-5-o1**
72 epi-a-Muurolol

73 a-Muurolol

74 a-Cadinol

75 14-Hydroxy-9-epi-caryophyllene
76  B-Bisabolol

77 Cadalene

78 a-Bisabolol

79  o-Trans-Bergamotol

80 14-Hydroxy-a-humulene
81 a-trans-Bergamotyl acetate
82 epi-Laurene

83 Rimuene

84 m/z149 (Phthalate)

85 Pimaradiene

86 epi-13-Manool

87 Manoyl oxide

1640 1.3 1.4
1641 0.3 0.3
1642 0.1 0.1
1645 0.1 tr.
1653 0.2 0.1
1664 0.5 0.5
1671 0.4 0.3
1674 tr. 0.1
1683 0.1 0.1
1693 0.1 0.1
1712 0.1 tr.
1798 0.3 0.2
1891 0.3 0.3
1894 0.5 0.4
1900 3.0 2.4
1941 0.2 0.2
1961 0.1 0.1
1989 0.4 0.4

prised oxygenated terpe-
nes (64.4-67.7%). The
oxygenated monoterpe-
nes made up 37.6-43.4%,
oxygenated sesquiterpe-
nes — 14.3-17.0%, and
corresponding diterpe-
nes — 7.1-11.5% (Table).
The limits of variations
of separate groups of ter-
penoids are markedly
wider (differences bet-
ween limits of corres-
ponding groups: 6%,
2.7% and 4.4%) than for
all oxygenated terpenes
(3.3%). The amounts of

1.6 1.3 1.6 1.4
0.3 0.2 0.3 0.3
0.1 0.1 0.2 0.1
tr. tr. 0.1 tr.
0.2 0.2 0.3 0.2
0.5 0.4 0.5 0.5
0.4 0.4 0.5 0.4
tr. 0.1 tr. tr.
0.1 0.1 0.2 0.1
0.1 0.2 0.2 0.1
tr. 0.1 tr. tr.
0.2 0.3 0.3 0.3
0.3 0.4 0.4 0.3
0.6 0.5 0.8 0.6
2.6 3.2 3.9 3.0
0.3 0.2 0.3 0.2
0.1 0.1 0.1 0.1
0.5 0.4 0.5 0.4

88 Manool 2056 80 64 88 84 104 84 hydrocarbons in the oil
89 Ferruginol 2362 0.2 0.2 0.4 0.4 0.5 0.3 .

2 varied from 6.9 to 10.2%
Monoterpene hydrocarbons 89 102 7.6 8.5 6.9 8.4 18.4 to 21.0% for ses-
Oxyge.nated monoterpenes 399 434 41.0 434 376 411 quiterpenes and from 0.9
Sesquiterpene hydrocarbons 21.0 19.7 19.8 184 198 19.7 .

. to 1.5% for diterpenes.
Oxygenated sesquiterpenes 152 144 155 143 17.0 153 The identified A
Diterpene hydrocarbons 1.0 0.9 1.2 1.1 1.5 1.1 ¢ identified constitu-
Oxygenated diterpenes 87 71 98 93 115 93 ents made up 97.5-
98.2% of the essential
*~ Retention indexes on nonpolar column; tr. — < 0.1%; essential oils of plants oils.
collected in gardens: A — Cekoniskes, B — Balsiai, C — Kernave, D — Suderve, E —
Salininkai.
e ** _ correct isomer not identified CONCLUSION

centage of borneol in some oils exceeded 6% [9, 10,
11, 14].

The chemical composition of the essential oils de-
pended on the experimental conditions of steam or
hydrodistillation and on the time of process. The
higher percentage of oxygenated sesqui- and diterpenes
was determined in the oils produced during a longer
distillation time. Hydrodistillation of air-dried plants
for 2 h produced oils containing oxygenated sesquit-
erpene viridoflorol and oxygenated diterpene manool
in the same amounts as the other main constituents
(1.8-cineole, borneol, a-humulene) (Table). Virido-
florol and manool had been found in the percentage
< 6% in earlier investigated oils [7-18]. Some oils of
sage growing in Portugal [8, 9] and in Serbia and
Montenegro [10] contained marked amounts of
viridiflorol (> 7%) and manool (> 6%). The chemi-
cal composition of the earlier studied sage essential
oils to that of the oils under study (Table) was closest
in the above countries [8-10].

The sage essential oils under study contained 100
compounds beside the main constituents. Eighty-nine

The five essential oils of

cis-thujone chemotype
produced by plants Salvia officinalis L. growing in
Vilnius district met the requirements of the standard
ISO 9909 (1999).

Received 1 August 2003
Aceepted 19 August 2003

References

1. R. Balz, The Healing Power of Essential Oils, Lotus
Light, USA, 1996, p. 137-139.

2. J. Lawless, [lllustrated Encyclopedia of Essential Oils,
Element Books, Singapore, 1999, p. 212.

3. P. Dagilis, B. Dagilyté, A. Juocevi¢ius, B. Mackeviciené
and A. Mackevicius, Fitoterapija, Vilnius, 2002.

4. A. Dapkevicius, R.Venskutonis, T. A. van Beek and
J. P H. Linssen, J. Sci. Food Agric., 77, 140-146 (1998).

5. A. Dapkevicius, Isolaton, Identification and Evalution
of Natural Antioxidants from Aromatic Herbs Cultivated
in Lithuania, Wageningen Universitat, Netherlands,
2002, p.154.

. B. M. Lawrence, Perfum. Flavor, 6(4), 49 (1981).

7. A. O. Tucker and M. J. Maciarello, J. Essent. Oil
Res., 2(3), 139 (1990).

(=)}

219



Danuté Mockuté, Ona Nivinskiené, Genovaité Bernotiené, Rita Butkiené

8. P. Sanchez Gomez, M. C. S. Cano, J. A. S. Sanchez
and M. C. Garcia-Vallerea, J. Essent. Oil Res., 7(3),
317 (1995).

9. P. C. Santos-Gomes and M. Fernandes-Ferreira, J.
Agric. Food Chem., 49, 2908 (2001).

10. M. Couladis, O. Tzakou, N. Mimica-Dukic and D.
Stojanovic, Flavour Fragrance J., 17(2), 119 (2002).

11. N. Dudai, E. Lewinsohn, O. Larkov, 1. Katzir, U. Ra-
vid, D. Chaimovitsh, D. Saadi and E. Putievsky, J.
Agric. Food Chem., 47, 4341 (1999).

12. R. R. Vera, J. Chane-Ming and D. J. Fraisse, J. Essent.
Oil Res., 11(4), 399 (1999).

13. Asslani, Uran, J. Essent. Oil Res., 12(1), 79 (2000).

14. T. Wolski, A. Ludwiczuk and M. Mardarowicz, Rev.
Ar. Med. Plants, 7(2), 745 (2001).

15. R. E. Anderson, N. J. Brennan, M. H. Douglas, A. J.
Heaney, J. A. McGimpsey and B. M. Bruce, J. Agric.
Food Chem., 47(5), 2048 (1999).

16. J. Mastelic, Flavour Fragrance J., 16, 370 (2001).

17. M. T. Baratta, H. J. D. Dorman and S. G. Deans, J.
Essent. Oil Res., 10(6), 618 (1998).

18. L. Giamperi, D. Fraternale and D. Ricci, J. Essent.
Oil Res., 14 (4), 312 (2002).

19. J. A. Pino, J. Aguero and V. Fuentes, J. Essent. Oil
Res., 14(5), 373 (2002).

20. S. Drazic and D. Brkic, Rostlina Vyroba, 47(5), 225
(2001).

220

21. A. Woolf, Clinical Toxicology, 37(6), 721 (1999).

22. M. Tegmeier and G. Harnischfeger, J. Toxicol. Toxin.
Rev., 14(2), 207 (1995).

23. R. P. Adams, Identification of Essential Oil Compo-
nents by Gas Chromatography-Mass Spectrometry. Al-
lured Publ. Corp., Carol Stream, IL, 1995.

24. T Y. Chung, J. P. Eiserich and T. Shibomoto, J. Agric.
Food Chem., 41, 1693 (1993).

D. Mockuté, O. Nivinskiené, G. Bernotiené, R. Butkiené

SALVIA OFFICINALIS L. CIS-TUJONO CHEMOTIPO
ETERINIS ALIEJUS

Santrauka

Vaistinés salvijos augalai buvo surinkti penkiuose soduose
Vilniaus apylinkése. Pagrindiniai eteriniy aliejy komponentai
buvo 1,8-cineolis (6,8-8,2%), cis-tujonas (14,8-19,0%),
borneolis (6,6-8,0%) ir manoolis (6,4-10,4%). Limituojamy
junginiy kiekiai eteriniuose aliejuose: cis- ir trans-tujony,
kamparo, 1,8-cineolio, a-humuleno, a-pineno, kamfeno,
limoneno, linalolio bei jo dariniy ir bornilacetato — visiskai
atitinka standarto ISO 9909 (1999) reikalavimus. AStuo-
niasdesimt devyni identifikuoti junginiai sudaré 97,5-98,2%
tirty eteriniy aliejy. Dauguma (69,4-67,7%) lakiyjy junginiy
buvo oksiduoti terpenai.



