Chemical composition of the essential oils of
Achillea millefolium L. ssp. millefolium (yarrow)
growing wild in Vilnius

Danuté Mockuté and
Asta JudzZentiené*

Institute of Chemistry,

A. Gostauto 9,

LT-2600, Vilnius, Lithuania
Fax: 370-2 617 018;
e-mail: judzent@ktl.mii.lt

Eighteen samples of the inflorescences and leaves of Achillea millefolium L. ssp.
millefolium with white flowers were collected at 9 habitats (1999 and 2000) in
Vilnius. Essential oils were analyzed by GC and GC-MS. The volatile oils were
divided into 3 groups containing the same two or three major constituents: I
(9 samples) — B-pinene (11.8-31.1%) + 1,8-cineole (8.1-17.0%), II (5 samples) —
chamazulene (9.8-23.2%) + B-pinene (9.7-30.2%) + 1,8-cineole (5.3-16.0%) and
III (4 samples) — trans-nerolidol (8.2-13.5%) + B-pinene (5.5-21.3%). According
to the first major component the oils can be distributed into four chemotypes such
as B-pinene, 1,8-cineole, chamazulene and nerolidol. The essential oil of nerolidol
chemotype has not been found in formerly investigated plants of yarrow. The
inflorescences and the leaves formed the same chemotype of essential oils only in
3 habitats from the 9 investigated. Two samples of oils did not contain chamazu-
lene, 11 samples contained 0.1-6.8% and 5 samples — 9.8-23.2% of this com-
ponent. The 56 constituents found in the essential oils made up 78.7-98.7%.
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INTRODUCTION

Three forms of the genus Achillea of Millefoliatae
section are growing wild in Lithuania [1]. Achillea
millefolium L. ssp. millefolium with white flowers is
widely spread all over the country. The plants with
rosy flowers (f. rosea Desf.) are rarer, and the plants
with the purple colour of inflorescence (f. purpurea
Schinz et Thellung) were found only in one habitat
(Bir§tonas). Some hairy plants of Achillea millefo-
lium L. ssp. millefolium var. lanata Koch. were found
near Vilnius.

Grass, flowers, leaves and essential oils of yar-
row have been widely used in healing since ancient
times [2-5]. The above drugs help in healing wounds,
sores, rashes, fever, respiratory infection, nervous ten-
tion and digestive diseases. Yarrow drugs in China
are issued for menstrual problems and hemorrhoids,
in Norway — for rheumatism. Differences in the he-
aling power in some countries may be caused by
different chemotypes of the essential oils. A large
number of investigators connected the healing abili-
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ties of yarrow with the presence of chamazulene in
the oil.

Several scientists took interest only in azulenes
and proazulenes (sesquiterpenic lactones) in A. mil-
lefolium plants. The papers related to these problems
were reviewed by Jaskonis [6], Ustiuzhanin et al.
[7], Konovalov et al. [2], Figueiredo et al. [3] and
Michler and Arnold [8]. The highest content of pro-
azulenes was found in buds or inflorescence at the
beginning of flowering. Leaves produced the largest
amount of proazulenes at the same stages, but their
quantity was several times as low as that in flowers.
Different amounts of azulenes were found in a large
part of the essential oils of A. millefolium studied.
GC/MS analysis of the essential oils has confirmed
the above data. The essential oils mostly contained
azulenes (from traces to 30%). Some of the oils did
not contain azulenes. A large part of chemists ana-
lyzed essential oils of all aerial parts of the plants
[3, 9-14], although some investigators studied only
essential oils from flowers and buds [15, 16].

Chamazulene was the first, second or third
major constituent in some of the essential oils stu-
died [10, 14, 16]. The oils presented in the above
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papers can be distributed into the following chemo-
types according to the first major constituents: cha-
mazulene, sabinene, B-pinene, 1,8-cineole, linalool,
o(cis)-thujone, B(frans)-thujone, ocimene, camphor,
ascaridole, caryophyllene oxide, 3-eudesmol and a-
bisabolol.

The composition of essential oils from flowers
and leaves of A. millefolium was compared by Fi-
gueiredo et al. [17], Rohloff et al. [18], Orav et al.
[14] and Lawrence [10]. Oils of all parts of plants
in Portugal, Norway and Estonia (one sample) were
of the same chemotype, while oils of separate parts
of plants from Estonia (another sample) and Cana-
da were of different chemotypes.

Only azulenes were analysed in 2 samples of
yarrow growing in Lithuania. The essential oil of
inflorescences and leaves was obtained from plants
growing in a botanical garden, and they contained
significant amounts of azulenes [6]. The other sample
of inflorescence oil contained only traces of chama-
zulene [7].

The essential oils under study were distributed
into 3 groups and 4 chemotypes. The nerolidol che-
motype has not been described earlier.

MATERIALS AND METHODS

The aerial parts (~35 cm) of plants (0.1-1 kg) grow-
ing wild in 9 localities of Vilnius (indicated here by
alphabetic symbols, A-L) were collected in August
1999 (with b) and 2000: Af, Al, Bf, Bl, Ef, El- in
different parts of Antakalnis; Cf, Cl, Kf, Kl - in the
different parts of Rokantiskés; Df, DI, Df (b), DI
(b), Jf — on the Taurakalnis hill; Ff, Fl — in Zirmi-
nai; Ll — near the AS Library. The inflorescence oil
is indicated by the second letter f, that of leaf — by
the second letter L

Voucher specimens were deposited in the Her-
barium of the Institute of Botany (BILAS), Vilnius,
Lithuania (numbers: 59433-59436, 59440, 59442,
59443, 59449 and 55451).

All samples were collected at full flowering sta-
ge. The plants were dried at room temperature (20—
25 °C): flowers and leaves were separated before
drying. Essential oils were prepared by hydrodistil-
lation of 15-50 g of air-dried plants.

Analyses of the essential oils were carried out
by GC and GC-MS. An HP 5890 II chromatograph
equipped with FID and the HP-FFAP capillary co-
lumn (25 m x 0.22 mm i. d.) was used for quanti-
tative analysis. The GC oven temperature was set
at 60 °C for 2 min, then programmed at a rate of
5 °C min to 160 °C, kept for 1 min, then program-
med from 160 to 230 °C at a rate of 10 °C min™
and finally isothermal at 230 °C for 12 min.
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Analyses by GC-MS were performed using an
HP 5890 chromatograph interfaced to an HP 5971
mass spectrometer (ionization voltage 70 eV) and
equipped with a CP-Sil 8 CB capillary column
(50 m x 0.32 mm). The oven temperature was kept
at 60 °C for 2 min, then programmed from 60 to
160 °C at a rate of 5 °C min™!, kept for 1 min, then
programmed from 160 to 250 °C at a rate of 10 °C
min~ and isothermal at 250 °C for 2 min, using He
as the carrier gas (2.0 ml min™'). The temperature
of the injector and detector was 250°C and 280°C,
respectively.

The percentage composition of essential oils was
computed from GC peak areas without correction
factors. Qualitative analysis was based on a compa-
rison of retention times and indices on both co-
lumns and mass spectra with corresponding data in
the literature [19, 20, 21 and 22] and computer mass
spectra libraries (Wiley and NBS 54K).

The following mass spectral data of unknown
components were recorded, m/z (relative intensity):

Unknown 1: 218 (3), 187 (7), 163 (7), 145 (11),
136 (100), 117 (25), 105 (40), 91 (79), 79 (68), 69
(54), 55 (50), 41 (79).

Unknown 2: 220 (16), 202 (14), 177 (13), 159
(79), 131 (32), 119 (64), 109 (75), 93 (79), 91 (100),
79 (65), 67 (50), 55 (58), 41 (78).

Unknown 3: 207 (3), 177 (3), 159 (7), 145 (3),
126 (29), 108 (75), 93 (58), 79 (36), 67 (32), 55
(36), 43 (100).

RESULTS AND DISCUSSION

The essential oils were distributed into three groups
according to their major constituents.

L. B-Pinene and 1,8-cineole group

A half of the investigated essential oils (9 samples)
studied contained B-pinene (Table 1, 10.2-31.1%) and
1,8-cineole (7.8-17.0%) as the main components. The
first major constituent, B-pinene, was found in 8 vo-
latile oils and 1,8-cineole only in one. This group
contained only 2 chemotypes of essential oils of [3-
pinene and 1,8-cineole. The essential oils of this
group can be divided into 3 parts according to the
content of chamazulene: 5 samples (Af, Al, Bl, Bf
and DI (b)) contained 2.5-6.8% of this component,
2 samples (Ef, Jf) — 0.9-1.5% and 2 were without
chamazulene (Fl, Lf).

The both parts of the plants contained essential
oils of the same chemotype in 2 habitats (Table 1,
A, E). The volatile oils from one part belonged to
this group in 5 habitats (3 samples of inflorescence
and 2 of leaf).
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Table 1. Chemical composition of essntial oils (%) containing as the major consistunts B-pinene and 1,8-cineole of
Achillea millefolium growing wild in Vilnius®

Compound | Rlepg s | Rl [Af | A1 | B [ @ | Di)| Bt | B | Bt | Jf | Interval | Mean
a-Pinene 939 1045 4.6 3.8 6.9 7.4 33 6.3 3 6 31 3-74 4.9
Camphene 953 1097 1.4 1 1.6 2.7 1.7 1.9 1.1 1.8 tr.  tr.=2.7 1.5
Sabinene 976 1147 5.4 3.8 38 14 4.1 6.1 35 86 33 33-14 5.8
-Pinene 980 1138 26 235 311 142 14 16 11.3 11.8 14.7 11.8-31.1 18.1
Myrcene 991 1180 1.4 1.6 21 1.2 12 1.3 0.8 0.8 1.3 0.8-2.1 1.3
a-Terpinene 1018 1208 1 tr. 0.7 0.7 0.3 1.2 tr. 0.6 05 tr—-1.2 0.6
p-Cymene 1026 1303 0.6 0.7 0.9 0.6 12 1.6 0.7 12 0-1.6 0.8
1,8-Cineole 1033 1243 92 131 16.8 8.5 81 145 9.2 9.5 17 8.1-17 11.8
y-Terpinene 1062 1274 2.8 0.9 1.9 2.6 0.3 3.4 1.5 1.7 27 03-34 2.0
Terpinolene 1088 1315 0.5 0.6 0.5 0.3 0.2 04 0-0.6 0.3
Camphor 1143 1560 2.6 34 2.4 1.9 3.1 23 2.8 32 tr.  tr=34 2.4
cis-Chrysanthenol 1162 0.2 0.3 0.1 tr. 0-0.2 0.1
Borneol 1165 1747 1.7 2.5 23 4.1 4.1 32 1.5 22 tr.  tr—4.1 2.4
Terpinen-4-ol 1177 1642 1.6 0.9 2.6 24 12 34 1.1 2.1 1.9 09-34 1.9
o-Terpineol 1189 1732 1.9 2.5 3 1.4 1.7 1.9 0.6 1.5 02 0.2-3 1.6
Bornyl acetate 1285 1621 0.8 0.6 0.3 23 1.3 23 3.7 4 02 024 1.7
a-Cubebene 1351 1520 0.6 0.2 0.1 0.2 0.3 0.4 0.3 0.1 0-0.6 0.2
3-Bourbonene 1384 1598 0.7 0.4 0.3 0.1 0.4 0.1 tr. 03 0-0.7 0.3
B-Caryophyllene 1418 1657 5.6 59 3.5 3.9 3.8 42 43 38 4 3.5-5.9 4.3
o-Humulene 1454 1732 1.5 tr. 0.5 0.6 0.8 0.9 0.8 0.9 0.8 tr-1.5 0.8
Germacrene D 1480 1772 42 32 1.1 3.4 2.5 3 2.8 32 41 1.1-42 3.1
Bicyclogermacrene 1494 1780 1 0.3 0.4 0.4 0.3 0.7 0.3 06 05 03-1 0.5
o-Muurolene 1499 1783 0.2 0.4 0.1 0.2 tr. 02 0-04 0.1
-Bisabolene 1509 1788 0.3 0.4 0.3 0.6 0.3 04 02 0-0.6 0.3
Sesquicineole 1514 0.3 0.4 0.2 0.4 02 05 0-04 0.2
4-Cadinene 1524 1808 1.1 0.6 0.6 0.6 2.4 1 1 1.7 08 0.6-2.4 1.1
trans-Nerolidol 1564 2055 3.7 0.8 0.5 4.4 1.1 2.7 2.5 6.8 7.8 0.5-7.8 3.4
Spathulenol 1576 2185 1 1.8 1 0.6 0.7 0.5 2.4 0.5 05 0.5-24 1.0
Caryophyllene oxide 1581 2038 2.1 35 1.6 2 6.3 1.4 8 3 1.9 1.4-8 3.3
Viridiflorol 1590 2152 1.6 0.3 5.1 0.3 0.9 12 02 051 1.1
Humulene epoxide 1606 2122 0.6 0.6 0.2 0.5 0.4 0.3 02 0-0.6 0.3
10-epi-y-Eudesmol 1619 2245 1.5 4 0.3 0.8 1.2 1 2.5 14 11 0.3-11 2.6
1-epi-Cubenol ? 1627 1.5 0.5 0.3 0.8 1 0.3 1.9 1 02 0.3-1.9 0.8
Unknown 1 1635 0.8 0.6 0.5 0.3 2.4 08 05 0-24 0.7
1-Cadinol 1640 2204 0.5 0.6 0.8 0.4 0.3 0.9 0.9 12 0-1.2 0.6
Himachalol ? 1647 1.9 0.5 0.5 0.5 0-1.9 0.4
Selin-11-en-4-a-ol 1652 1.4 1 0.5 2 1.7 1.4 3.8 39 06 0.5-3.9 1.8
14-Hydroxy-9-epi- 1664 2310 0.9 12 0.4 0.7 0.4 0.3 1.7 0.8 0.7 0.3-1.7 0.8
-caryophyllene
a-Bisabolene oxide 1682 2354 0.5 1.4 22 05 022 0.5
Unknown 2 1685 0.8 06 02 tr. 0.1 0.5 12 0.8 05 tr-1.2 0.5
Unknown 3 1689 0.6 0.5 1 0.4 tr. 02 09 0-1 0.4
E, E-Farnesol ? 1722 2412 0.8 tr. 0.4 0.2 0.2 0.6 1.7 08 0-1.7 0.5
Chamazulene 1725 2451 4.1 6.5 6.8 32 6.2 0.9 1.5 0-6.8 32
Total 96.7 923 947 946 824 876 835 91.6 87 824-96.7 90.0
Monoterpene hydrocarbons 437 353 487 442 258 37.6 228 32 27.2 22.8-48.7 353
Oxygenated monoterpenes 18 23 274 206 198 27.7 189 225 193 18277 219
Sesquiterpene hydrocarbons 152  10.6 6.4 9.9 10.8 11 99 109 11 6.4-11 10.6
Oxygenated sesquiterpenes 15.7 169 54 16.7 19.8 104 315 262 28 5.4-315 19.0

tr.—traces.

2 A capital letter indicates the habitat, f — inflorescence, I — leaf, letters without b — plants collected in 2000, with b — in 1999,

The quantity of caryophyllene oxide (Table 1) in
the plants containing the same chemotype of essen-
tial oil in both parts was markedly higher in the
volatile oil of leaf (3.5-8.0%) in comparison with

that of inflorescence (1.0-2.9%). The above regula-
rity held true for the content of spathulenol as well,
but the opposite ratio was noted for the quantities

of trans-nerolidol.
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Beside the 43 compounds listed in Table 1, se-
ven more constituents were found in some essential
oils: a-thujene (tr.—0.8%, Af, Cf, Ef,); cis-chrisant-
henyl acetate (tr.-0.8%, Af, Al and Bl); myrtenol
(0.8%, Ef); trans-carveol (tr.—2.1%, Af, Ef and El);
geranyl acetate (tr.-0.7 %, Af, Cf); B-isocomene (tr.—
2.1 %, Af, Ef) and B-ionone (tr.—0.4%, BI, El). The
total sum increased up to 98.9% in the presence of
the above additional constituents.

1I. Chamazulene group

Five samples (3 habitats) of oils contained chama-
zulene (9.8-23.2%) as the major constituent (Table
2). Chamazulene was the third main component in
inflorescence (Df) and leaves (DIl) in one habitat,
the second in inflorescences in 2 habitats (B and
D), and the first one from inflorescences in 1 ha-
bitat (C). The quantities of the constituents in the
essential oils from the same habitats depended on

seasonal conditions. The amount of chamazulene in
the inflorescence oils was approximately the same
in both samples Df (2000) and Df (b) (1999), but
the quantity of 1,8-cineole in the Df (b) was notab-
ly lower and chamazulene became the second major
constituent, while it was the third in sample Df.
The content of chamazulene in the volatile oils from
the leaves was lower than in that from the inflores-
cence of the same plants as in the formerly investi-
gated plants (see Introduction).

Only 5 compounds were identified in the essen-
tial oils of this group alongside those listed in Table
2 (Bf, Cl, Df, DI and DI (b)): a-thujene (tr., DI, D1
and Df (b)); myrtenol (tr.—0.4%, Df, DI); trans-car-
veol (tr—0.5% Df, DI and Df (b)); B-isocomene
(0.4%, Cl) and a-selinene (1.8%, Cl). The last com-
pound was not found in the first B-pinene and 1,8-
cineole group. The total sum induding the above
compounds was a little larger in comparison with
that presented in Table 2 (85.9-98.7%).

Table 2. Chemical composition of essential oils (%) containing the major constituents: B-pinene+chamazulene+1,8-
cineole (Df, DI, Df (b), Bf and Cl) and trans-nerolidol+B-pinene (Kf, Kf (b), FI and Lf) of Achillea millefolium
growing wild in Vilnius®

Compound RILcpsis o | RIL prap Df DI Df (b) Bf Cf Kf Fl Lf |Kf (b)

1 2 3 4 5 6 7 8 9 10 11 12

a-Pinene 939 1045 4.1 34 2.7 53 4.5 5.1 2.1 31 71
Camphene 953 1097 tr. 0.6 0.8 1.4 1.6 0.6 1 2.8
Sabinene 976 1147 3.6 4.2 4.1 3.4 5.2 2.2 2 85 54
B-Pinene 980 1138 27.8 30.2 14 26.5 9.7 12 5.5 10.1 213
Myrcene 991 1180 0.9 22 1 1.1 1.7 0.5 1.1 08 0.6
a-Terpinene 1018 1208 0.6 0.2 0.4 0.7 1.4 1.1 05 05
p-Cymene 1026 1303 tr. 0.2 0.1 tr. 1.9 1.3 1 0.7 09
1,8-Cineole 1033 1243 15.3 16 7.8 10.6 5.3 8 44 5.4 9
y-Terpinene 1062 1274 1.6 1 0.2 1.4 1.7 3.8 1.1 1.7 18
Terpinolene 1088 1315 tr. tr. 0.9 0.4
trans-Pinocarveol 1139 0.7 0.4 0.3 0.4
Camphor 1143 1560 0.9 1.8 1.6 0.3 1.4 32 4.4 1.5 49
cis-Chrysanthenol 1162 1.5 1.3 0.4 0.4 0.2 03 02
Borneol 1165 1747 1.5 3.2 3 0.4 3.8 6.5 3.1 6.6 44
Terpinen-4-ol 1177 1642 3 1.3 1.6 12 2.1 5.5 1.2 19 24
a-Terpineol 1189 1732 2.8 22 2.2 1.7 0.6 12 tr. 13 1.1
cis-Crysanthenyl acetate 1262 1.6 1.7 tr. tr. 3.8
Bornyl acetate 1285 1621 tr. tr. 1.2 tr. 1.1 4.9 0.3 2.2
a-Cubebene 1351 1520 0.2 0.4 0.1
-Bourbonene 1384 1598 tr. 0.2 0.2 0.2 tr. 0.2
B-Caryophyllene 1418 1657 8.7 6.5 6.5 5.1 4.5 4.3 3.8 34 5
a-Humulene 1454 1732 1.4 1.1 1.2 0.3 0.8 0.9 02 0.7
Germacrene D 1480 1772 3.6 1.9 5 4.9 2.1 2.1 3.4 38 14
Bicyclogermacrene 1494 1780 0.9 0.4 1.2 0.6 0.3 0.7 07 03
o-Muurolene 1499 1783 0.2 0.2 0.7 0.4
B-Bisabolene 1509 1788 tr. 0.3 0.5 tr. 0.4 0.3
Sesquicineole 1514 tr. tr. 0.4 tr. 0.5 1.8 0.2
d-Cadinene 1524 1808 0.7 0.6 24 0.9 1 1.6 2.5 07 13
trans-Nerolidol 1564 2055 tr. 2.8 0.3 5.8 13.5 8.2 11.2 9.5
Spathulenol 1576 2185 0.5 1.3 0.6 0.7 1.5 0.6 1.8 1.1 03
Caryophyllene oxide 1581 2038 1.8 33 1.9 1.1 5.4 33 5.3 2.5 2.7

100




Chemical composition of the essential oils of Achillea millefolium L. ssp. millefolium (yarrow) growing wild in Vilnius

Table 2 (continue)

1 2 3 4 5 6 7 8 9 10 11 12
Viridiflorol 1590 2152 tr. tr. 6.5 1.5 1.6 3.1 1.2 09
Humulene epoxide 1606 2122 tr. 0.2 tr. 0.6 0.3 0.2 0.5
10-epi-y-Eudesmol 1619 2245 0.4 tr. 0.3 1.6 1.2 4.3 8.3 2.9
1-epi-Cubenol ? 1627 tr. 0.3 0.1 22 0.9 2.1 06 08
Unknown 1 1635 tr. 0.1 tr. 1.5 0.9 1.5 1.7 04
1-Cadinol 1640 2204 tr. tr. 0.4 1 0.8 0.6 1.4 0.7 07
Himachalol ? 1647 0.2 0.2 0.8 35 0.9 1.5 tr.
Selin-11-en-4-a-ol 1652 0.4 0.3 0.2 0.8 22 1.2 7 6.1 1.3
14-Hydroxy-9-epi- 1664 2310 0.4 0.8 0.5 0.8 1.3 0.9 1.7 1 0.4
B-caryophyllene
a-Bisabolene oxide 1682 2354 tr. 0.3 0.3 3.1 1.5 23
Unknown 2 1685 tr. 0.3 0.4 2.4 0.9 1.3 07 03
Unknown 3 1682 tr. 0.5 1 0.7 1.4 0.7
E, E-Farnesol ? 1722 2412 tr. tr. 0.4 0.5 0.7 2.8 0.5
Chamazulene 1725 2451 13.9 12.6 13.6 23.2 9.8 0.1 tr.
Total 98.6 98.7 85.9 94.3 92.8 95.8 90.5 95.5 96
Monoterpene hydrocarbons 38.6 41.3 23.1 38.1 26.8 28.8 14.5 26.8 404
Oxygenated monoterpenes 27.3 27.9 17.7 14.2 13.6 30.1 18.2 17.3 242
Sesquiterpene hydrocarbons 29.2* 23.4% 29.8* 36* 20.2* 9.2 11.2 9.8 8.7
Oxygenated sesquiterpenes 3.5 6.1 15.3 6 32.2 27.6 46.6 41.6 22.7
2 A capital letter indicates the habitat, f — inflorescences, I — leaves, letter without b — plants collected in 2000, with b — in 1999,
tr—traces, * including chamazulene.

1II. Nerolidol group

trans-Nerolidol (8.2-13.5%, Table 2) was the first
major constituent in 3 samples of essential oils (FI,
Kf and Lf) and the second one in one sample (Kf
(b)). The second or the first main component was
B-pinene (5.5-21.3%), the third one was 1,8-cineole
(8.0-9.0%) in 3 and oxygenated sesquiterpenes (7.0—
8.3%) in 2 samples. The inflorescence essential oil
of the same habitat collected in 1999 (Kf (b)) and
in 2000 (Kf) contained trans-nerolidol (9.5 and
13.5%) and B-pinene as the major constituents, but
their quantities were influenced by seasonal condi-
tions. Samples of the volatile oils of this group we-
re found only in one part of the plant. The leaf oil
of these plants in 2 habitats (F and J) contained
essential oils of the B-pinene + 1,8-cineole group
containing 6.8-7.8% of trans-nerolidol and in other
2 habitats (K and L) it had no signs of a clear
chemotype, but contained 3.4 and 5.7% of trans-
nerolidol. One oil sample (Fl ) contained no cha-
mazulene and the other 3 contained a small quan-
tity of it (tr.—0.9%). The content of 1,8-cineole (4.4—
9.0%) was markedly higher than that of chamazule-
ne in all samples of this group.

In addition to the compounds listed in Table 2
(Fl, Kf, Kf (b) and Lf), 8 more constituents were
identified as well: a-thujene (tr.—0.4 %, K, K (b));
myrtenol (tr—0.9 %, K and L); frans-carveol (tr.—

0.3%, K and L); sabinyl acetate ([0.2%, L); B-iso-
comene (tr.—0.4%, Fl, Kf, and Lf); a-selinene (0.9%
Kf (b)) and trans-arteannuic alcohol (0.2-0.3%, F1,
Kf(b)). The total sums of all components were 87.2—
97% in this group.

trans-Nerolidol as the main constituent was not
found in the formerly investigated yarrow oils.

Variation of the constituent amounts

Some aspects of the healing power of yarrow are
determined by chamazulene (see Introduction). This
compound was found in 16 from the 18 essential oil
samples studied (Tables 1 and 2), however, its con-
tent in 11 samples reached 0.9-6.8% and in 5 sam-
ples 9.8-23.2%.

Compounds of different bioactivity such as; 1,8-
cineole (4.4-17%) [23-26], B-pinene (5.5-31.1%)
[27], a-pinene (2.1-7.4%) [26-28], camphor (tr.—
4.9%), borneol (tr.-6.6%) [26], B-caryophyllene (3.4
8.7%) [25, 27, 29, 30] and caryophyllene oxide (1.1-
8%) [30] were found in all samples (Tables 1 and
2). trans-Nerolidol (tr—13.5%) [25, 29, 30] was not
found only in one sample (DI).

The investigated groups of the essential oils stud-
ied could be assigned to different classes of com-
pounds. The largest part of the volatile oils from
the first, B-pinene + 1,8-cineole group consisted of
monoterpene hydrocarbons (mean, 35.3%), from the
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second, chamazulene group — monoterpene (26.8%)
and sesquiterpene hydrocarbons with chamazulene
(20.2%), and in the third, trans-nerolidol group —
oxygenated sesquiterpenes (46.6%). Mono- and ses-
quiterpene hydrocarbons (45.9%) and the corres-
ponding oxygenated compounds (40.9%) made up
approximately equal amounts in the essential oils in
the first group. The oils of group II were rich in
hydrocarbons (61.3%), while those of group III
(57%) were enriched in oxygenated terpenes.

CONCLUSIONS

Four chemotypes (B-pinene, 1,8-cineole, chamazule-
ne and trans-nerolidol) of the essential oils of yar-
row (Achillea millefolium L. ssp. millefilium) growing
wild in Vilnius were identified according to the first
major constituent. The volatile oils were divided into
3 groups containing the same two or three major
constituents: I (9 samples) — B-pinene (11.8-31.1%),
1,8-cineole (8.1-17.0%); 11 (5) — chamazulene (9.8
23.2%), B-pinene (9.7-30.2%) and 1,8-cineole (5.3—
16.0%); 111 (4) — trans-nerolidol (8.2-13.5%) and [-
pinene (5.5-21.3%). The [-pinene chemotype was
found in all groups beside the oils of the chamazu-
lene (1 sample), trans-nerolidol (4 samples) and 1,8-
cineole (1 sample) chemotypes.

Received 14 march 2002
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LAUKINIU KRAUJAZOLIU ACHILLEA MILLEFOLIUM
L. SSP. MILLEFOLIUM, AUGANCIU VILNIUJE,
ETERINIU ALIEJU CHEMINE SUDETIS

Santrauka

Buvo tiriami baltai zydinciy kraujazoliy, surinkty 9 au-
gimvietese, ziedyny ir lapy eteriniai aliejai. Aliejai pagal
pirmaji pagrindinj komponenta priskirti 4 chemotipams:
B-pineno, chamazuleno, 1,8-cineolio ir nerolidolio. Pirmieji
trys chemotipai buvo rasti ir kitose Salyse, o ketvirtasis,
nerolidolio, buidingas tik kai kurioms Vilniuje augancioms
kraujazoléms. Pagal du ar tris pagrindinius komponentus
eteriniai aliejai buvo suskirstyti j tris grupes: 1 (9 bandi-
niai) — B-pineno (11,8-31,1%) ir 1,8-cineolio (8,1-17,0%);
II (5 bandiniai) — chamazuleno (9,8-23,2%), B-pineno
(9,7-30,2%) ir 1,8-cineolio (5,3-16,0%), taip pat III (4
bandiniai) — frans-nerolidolio (8,2-13,5%) ir B-pineno (5,5—
21,3%).

Skirtinga eteriniy aliejy cheminé sudétis salygoja ne-
vienoda tiriamy augaly ir ju aliejy bioaktyvuma bei ju
gydomasias savybes.



