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Abstract

The yield and composition of the essential oil of common juniper (Juniperus communis L.) branches from Estonia
were analyzed. The yields and composition of the oil isolated by hydrodistillation from dried juniper branches, gathered
from one single juniper plant every month in 2006 and in 2007 (12 samples), were compared. The oil yields ranged
between 0.05 — 0.70%. A total sixty seven compounds were identified, representing over 96% of the total oil yield. The
essential oil from Estonian juniper branches showed a high content of a-pinene (40.4 — 62.0%); the other predominant
constituents were limonene (4.2 — 10.0%), a-cadinol (1.9 — 6.3%), d-cadinene (2.1 — 4.8%), y-muurolene and germacrene
D (1.6 — 4.4%), B-myrcene (2.6 — 3.1%), a- and P-selinene (0.9 — 3.1%), germacren D-4-ol (0.8 — 3.0%) and ?-pinene
(1.4 — 2.2%). The yield of essential oil and amounts of mono- and sesquiterpenes depend on the month of collecting the
plant material. The best time for harvesting juniper branches seems to be from January to April. The yield and composition
of essential oils in branches are rather similar, but did not completely correspond to the standards of European

Pharmacopoeia stated to juniper berries.
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Introduction

Trees are valued for many reasons. They are also
used as natural sources of plant drugs and medicines
in conventional, traditional and alternative medicine
(Conway 2001). There are around 50 Juniperus species,
many of which are used in medicine. The common ju-
niper (Juniperus communis L.) is an evergreen shrub
or small tree of Northern temperate region (Conway
2001). Commercial juniper berry oil is rarely a true dis-
tillate from berries and may be a by-product from gin
or brandy manufacture. It exhibited antimicrobial ac-
tivity against a range of organism (Bradley 2006). Ju-
niper is stated to possess diuretic, antiseptic, carmin-
ative, stomachic, and antirheumatic properties. It has
been used for cystitis, flatulence, colic, rheumatic
pains in joints and muscles (Ebadi 2007). Pharmaco-
logical actions of juniper are primarily associated with
the essential oil components. The oil is documented
to possess diuretic, gastrointestinal antiseptic and
irritant properties (Barnes et al. 2002).

In addition to berries also branches, needles and
wood of juniper were and are traditionally in use in
Estonian folk medicine (Viires 2000). Juniper needles

contain 0.2 - 1.0% of volatile oil. Oil yield depends on
the degree of ripeness, seasonal variations, environ-
mental conditions (temperature, sunlight, photoperi-
od), age of plant latitude and altitude of growing site,
a role in selective browsing damage by local herbiv-
ores and other factors (Latrasse 1991, Marko et al. 2008,
Martz et al. 2009).

The average yield of the essential oil varied from
0.47 to 0.75% in dried needles with young juniper
branches and 0.10 - 0.28% in dried branches accord-
ing to the month of collection. The most significant
changes in the content of the oil were found in spring-
summer period of vegetation (Kowal and Krupinska
1970).

In the last years and before a number of publica-
tions reported the composition of juniper needles or
branches oil. Essential oils are traditionally isolated
by hydrodistillation (Gelsomini et al. 1988, Chatzopou-
lou and Katsiotis 1993, Koukos and Papadopoulou
1997, Ochocka et al. 1997, Adams 1998; 2000, Mastel-
ic et al. 2000, Karlsen and Svendsen 2002, 2003; An-
gioni et al. 2003, Shahmir et al. 2003, Pourmortazavi et
al. 2004, Marongiu et al. 2005, Butkiene et al. 2005a,
2006a,b 2007, Gonny et al. 2006, Looman and Svend-
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sen 2006, Mark¢ et al. 2008, Milojevi¢ et al. 2008, But-
kiene et al. 2009, Ottavioli et al. 2009). The composi-
tion of needles essential oil varies considerably, con-
sisting mainly of monoterpenes and sesquiterpene
hydrocarbons (a-pinene, sabinene, [-myrcene,
limonene, B-phellandrene, caryophyllene, muurolenes,
germacrene D and B, humulene). The main oxygen-
containing monoterpene identified in juniper needles
oils were terpinen-4-ol (Chatzopoulou and Katsiotis
1993, Mastelic et al. 2000;, Karlsen and Svendsen 2002,
Angioni et al. 2003, Shahmir et al. 2003, Butkiene et
al. 2005a,b, 2006a,b), terpinyl acetate (Angioni et al.
2003, Marongiu et al. 2005, Gonny et al. 2006), and
oxygen-containing sesquiterpenes were germacrene D-
4-ol and a-cadinol (Butkiene et al. 2005a,b, 2006a,b).
The best time for harvesting juniper branches is still
not clear.

There is no monograph of juniper needles or
branches in European Pharmacopoeia (EP) (European
Pharmacopoeia 2008), but the monograph of Juniper
(Juniperi pseudo-fructus) is defined as the ripe cone
berry of Juniperus communis L., which contains a
minimum of 10 ml/kg of essential oil. By the mono-
graphs of juniper oil (Juniperi aetheroleum) the es-
sential oil obtained by steam distillation from the ripe,
non-fermented berry cones of Juniperus communis L.
and the percentages of the components are within the
following ranges: a-pinene 20 — 50%, sabinene less
than 20%, B-pinene 1 — 12%, B-myrcene 1 — 35%, a-
phellandrene less than 1%, limonene 2 — 12%, terpin-
en-4-ol 0.5 — 10%, bornyl acetate less than 2%, and
B-caryophyllene less than 7%. The quality of essen-
tial oils of juniper berries and branches have not been
compared before.

The demand for dry juniper needles as a raw ma-
terial for the food, pharmaceutical, and cosmetic in-
dustries has increased rapidly in recent years (Martz
et al. 2009).

The aim of this paper was to investigate the yield
and chemical composition of the essential oil of com-
mon juniper branches in Estonia, and to determine the
influence of harvesting time to the oil yield and com-
position of the biologically active constituents.

Materials and methods

Plant material

The branches of the one juniper shrub (height
about 2.5 m and width about 2 m) growing in northern
Estonia (Harjumaa, Humala village, Figure 1) were col-
lected every month from May 2006 to April 2007. The
tops of branches (length 10 cm) without berries were
cut off from the juniper and dried at room temperature
in a well ventilated room. The branches collected were

all at the same level and in the same development
stage. All collected drug samples were preserved in
well-closed bumper bags at room temperature in the
absence of light. The voucher specimen is deposited
in herbarium of the Department of Pharmacy our Uni-
versity (1 Nooruse Str, Tartu).

Directly before distillation of essential oil the plant
material was cut using scissors to fragments about 1
cm, containing needles and woody parts. The essen-
tial oils were distilled not later than four month after
collecting the plant material, kept in well-closed con-
tainers at room temperature in the absence of light.

Figure 1. Map of the investigation site
* Humala village

Isolation of essential oil

The essential oil was isolated from dried juniper
branches by the distillation method described in the
EP monograph of Juniperi pseudo-fructus (European
Pharmacopoeia 2008) using 20g of drug, a 500 mL
round-bottomed flask, 200 ml water as the distillation
liquid and 0.5 mL of xylene in the graduated tube was
added to take up the essential oil. The distillation time
was 1.5 h at a rate of 3 — 4 ml/min. To improve con-
secutive chromatographic analyze, hexane was used
instead of xylene. The percentage yields obtained were
measured by v/w. Only one batch from each sample
was analyzed as it is stated by EP.

GC/FID analysis

The essential oils from juniper branches were
analyzed using a Chrom-5 chromatograph with FID on
two fused silica capillary columns with two station-
ary phases: poly(5%-diphenyl-95%-dimethylsiloxane)
(SPBTM-5, 30m x0.25 mm, Supelco, Switzerland) and
polar polyethylene glycol (SW-10, 30m x0.25 mm, Su-
pelco, Switzerland). Film thickness of both stationary
phases was 0.25 pm. Helium with the split ratio 1:150
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and the flow rate 30— 35 cm/s, was applied as the car-
rier gas. The temperature programme was from 50 -
250°C at 2°C/min, the injector temperature was 250°C.
A Spectra-Physics SP4100 integrator was used for data
processing.

The identification of the oil components was ac-
complished by comparing their retention indices (RI)
on two columns with the RI values of reference stand-
ards, our RI data bank and with literature data (Dav-
ies 1990, Zenkevich 1996, 1997, 1999). RI indices (RI)
are relative to n-alkanes. The results obtained were
confirmed by GC/MS.

The percentage composition of the oils was calcu-
lated in peak areas using normalization method without
using correction factors. The relative standard deviation
of percentages of oil components of three repeated GC
analyses of a single oil sample did not exceed 5%.

GC/MS analysis

GC/MS analysis was carried out using GCMS-
QP2010 (Shimadzu, Japan) on fused silica capillary
column (30 m x 0.32 mm) with bonded stationary phase:
poly (5%-diphenyl-95%-dimethyl)siloxane) (ZB-5, Ze-
bron). The film thickness of stationary phase was
0.25mm. The carrier gas was helium with the split ra-
tio of 1:17 and flow rate 1.8 mL/min was applied. The
temperature program was 2 min at 60°C and then from
60 to 280°C at 12°C/min, and the injector temperature
was 280°. The MS detector was operated in the EI mode
70 eV at a scan rate 2cans/s with an acquisition mass
range of 40 — 500 u.

Results

The pale yellow essential oil of J. communis
branches with a characteristic odor was obtained by
hydrodistillation in a yield 0.05 — 0.70%, based on the
dry weigh of the sample (Tables 1 and 2). The yield of
the essential oil changed gradually during the year. The
most significant changes were observed during spring-
summer period of vegetation. The minimum yield of
essential oil (0.05%) was found in the sample collect-
ed in October, and the maximum (0.7%) in March. A
fourteen-fold increase was observed between the min-
imum and maximum relative concentration of essential
oil, the average content was 0.3%. The minimum limit
of 0.1% stated by EP was exceeded in all samples ex-
cluding the branches collected in October.

Retention indexes (RI) on two capillary columns
of different polarity, concentration range and main con-
centration values of the oil components are reported
in Table 1. Sixty seven compounds were identified in
twelve essential oil samples comprising 96.8 — 99.0%
of the total oils.

Table 1. Composition of the essential oil of juniper
branches

RI Concentration M(ce/oan,
Compou nd
SPB-5 SW-10 range, % n=12

n-hexanal 800 1076 tr— 0.3 0.11
(E)-2-hexenal 845 1223 tr— 04 0.08
tricyclene 914 1009 tr-0.2 0.13
a-thujene 922 1020 tr-0.1 0.02
a-pinene 929 1026 40.4-62.0 56.10
a-fenchene 939 1056 tr-0.2 0.05
camphene 940 1061 0.3-07 0.51
sabinene 96 1121 0.3-07 0.42
B-pinene 969 1105 1.4-22 1.92
B-myrcene 988 1162  2.6- 3.1 2.82
2-carene 998 1130 0.1-02 0.14
a-phellandrene 1000 1163 0.1-05 0.19
A-3-carene 1006 1145 tr-0.7 0.24
a-+tempinene* 1012 1176 tr-0.1 0.04
p-cymene 1019 1272 tr-0.1 0.05
limonene 1024 1200  4.2-10.0 7.40
B-phellandrene* 1024 1208 0.5-20 1.00
3-methy butyl b utan oate 1051 1269 0.2-06 0.45
y-terpinene 1053 1244 tr-0.1 0.06
trans-4-pentenyl butanoate 1061 1346 tr-0.1 0.04
terpinolene 1081 1283 0.5-09 0.75
linalool 1100 1557 tr-0.1 0.06
n-nonanal 1104 1390 0.1-07 0.41
3-methylbutyl isovaleriate 1114 1374 0.1-05 0.36
3-methyl-3-butenyl isovaleriate 1118 1422 tr-0.1 0.05
campholenal 1118 1508 tr-0.2 0.06
3-methy|-2-butenyl valeriate 1135 1450 tr-04 0.09
camphene hydrate 1147 1570 tr-05 0.13
p-mentha-1,5-dien-8-ol 1162 1665 tr- 0.2 0.03
terpinen -4-ol 1169 1603 0.2-07 0.35
a-temineol 1184 1707 0.2-08 0.44
myrtena * 1200 1728 0-0.2 0.03
B-citronellol 1235 1794 0-04 0.05
3-methy butyl hexanoate 1250 1461 0-0.2 0.07
methylcitronellate 1259 1482 0.1-06 0.27
bornyl acetate 1278 1576 0.5-12 0.73
2-undecanone 1290 1590 0.1-03 0.14
myrtenyl acetate 1318 1687 tr-0.2 0.10
atempinyl acetate 1343 1680 tr-0.7 0.22
trans-myrtanyl acetate 1372 1771 0.1-02 0.15
B-elemene 1383 1587 0.4-10 0.67
(E)-B-caryophyliene 1409 1586 0.7-18 1.14
a-humulene 1440 1658 0.6-15 0.93
(E)-B-famesene 1452 1667 tr-0.2 0.09
y-muurolene 1467 1698 1.6-44 2.94
germacrene D 1469 1700

a-amorphene 1473 1718 0.1-04 0.26
cadina-3,9diene 1477 1712 0.1-02 0.16
a-muurolene 1482 1723 0.4-13 0.77
B-selinene 1490 1748 0.9- 31 1.89
a-selinene 1492 1702

y-cadinene* 1500 1750 0.4-09 0.61
&-cadinene 1513 1752 2.1-48 3.00
afarnesene 1528 1739 0.1-02 0.12
elemol 1540 2078 0-0.1 0.03
germacrene B 1542 1815 0.5-17 1.08
spathulenol 1560 2118 0-0.3 0.15
caryophyllene oxide 1562 1965 0-0.1 0.02
germacrene D-4-ol 1565 2045 0.8-3.0 1.70
globulol 1582 2100 tr-0.9 0.23
-cedrol 1597 2055 tr-0.2 0.10
cis-ledol 1615 2100 tr-0.4 0.18
e-cadinol 1630 2165 05-2.0 0.83
* —cadinol 1634 2182 06-2.1 1.10
T-muurolol 1638 2195 02-0.8 0.40
e —cadinol 1647 2228 19-6.3 3.08
(Z,2)-» -farnesol 1688 2317 0.3-0.8 0.51
Total, % 96.8 -99.0 98.25
Oil yield, % 0.05-0.70 0.30

tr — traces (<0.05%),
Identification confirmed by GC/MS except for *
Boldface designates the principal components
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Table 2. Concentra-

Time of sample collection

tion of the main com- Compound Jan Feb March Aprii May June July Aug Sept Oct Nov  Dec
ponents of the essen- e -pinene 50.7 62.0 60.6 648 454 562 404 546 559 594 62.1 61.7
tial oil of juniper «-pinene 17 22 22 21 18 16 16 14 22 22 22 19
branches, % *-myrcene 26 26 27 30 29 30 26 29 30 31 29 26
limonene 100 67 42 57 66 6.8 66 81 79 7.6 8.0 9.6
* -phellandrene 0.8 06 05 06 14 1.9 1.0 08 07 2.0 0.7 0.9
(E)-e - 1.1 1.3 1.2 0.8 1.6 1.0 1.8 14 13 0.8 0.7 0.7
caryophyllene
*-humulene 0.9 1.0 1.0 0.7 1.3 0.8 1.5 1.0 1.1 0.7 0.6 0.6
e-muurolene 3.0 3.1 3.6 2.3 4.3 35 4.4 3.0 27 21 1.6 1.7
germacrene D
*-muurolene 0.9 0.7 0.9 0.6 0.9 0.7 1.3 09 07 0.6 0.4 0.6
e -selinene 1.9 1.6 2.7 1.5 2.8 16 3.1 22 1.8 1.4 1.2 0.9
e-selinene
¢ -cadinene 2.7 2.1 2.9 2.4 4.8 3.1 4.8 34 29 24 2.4 2.1
germacrene B 0.8 1.4 1.3 0.9 1.7 1.3 1.5 1.1 1.2 0.7 0.5 0.5
germacrene D-4-ol 2.0 08 14 08 30 1.3 3.0 1.8 21 1.5 1.2 1.5
* —cadinol 1.0 0.6 1.3 0.7 1.6 1.0 21 12 1.0 0.9 1.0 0.8
¢ —cadinol 2.8 19 3. 23 48 2.6 63 32 29 2.6 23 2.0
Total, % 829 886 898 89.2 848 864 820 87.0 874 88.0 87.8 88.1
Oil yield, % 035 025 070 035 0.15 035 020 045 010 0.05 0.50 0.15

tr — traces (<0.05%)

Boldface designates the principal components

The essential oil from Estonian juniper branches
showed a high content of a-pinene (40.4 — 62.0%); the
other predominant constituents were limonene (4.2 —
10.0%), a-cadinol (1.9 — 6.3%), 8-cadinene (2.1 — 4.8%),
y-muurolene and germacrene D (1.6 — 4.4%), f-myrcene
(2.6 — 3.1%), o~ and B-selinene (0.9 — 3.1%), germacrene
D-4-0l (0.8 — 3.0%) and B-pinene (1.4 —2.2%) (Table 1).

Monoterpene hydrocarbons content in studied
juniper samples varied from 54.6% to 79.0% (Table 3).
The highest relative concentrations of these com-
pounds were found in samples collected in winter (No-
vember, December) and in April (78.6-79.0%). The ra-
tios of the amounts of mono- and sesquiterpene hy-
drocarbons were the smallest in May and July (~3:1)
and the highest in November and December (>8:1).

Discussion and conclusions

A fourteen-fold increase was observed in the yield
of the essential oil in juniper branches changed dur-

ing the year (Tables 1 and 2). As shown in the results
of studies (Bucko and Salamon 2007), major factors
causing differences in the yield of essential oil may
be the time between harvest and distillation, the vari-
ety of the origin of plants, various harvesting meth-
ods, size of green parts, drying, etc. In our previous
investigations we have found significant difference
between the minimum and maximum yield of essential
oil also in other popular medicinal plants: eleven-fold
times in Achillea millefolium (Orav et al. 2006) and
Salvia officinalis (Raal et al. 2007), fourteen-fold in
Thymus serpyllum (Paaver et al. 2008), five-fold in
Pimpinella anisum (Orav et al. 2008), sixteen-fold in
Levisticum officinale (Raal et al. 2008a) six-fold in
Valeriana officinalis (Raal et al. 2008b) and ten-fold
in Chamomilla recutita (Orav et al. 2010), collected or
obtained as commercial samples from different retail
pharmacies of various countries.

By the maximum yield of essential oil, the best time
for harvesting juniper branches seems to be from Jan-

Table 3. Component

Time of sample collection

groups concentration Compound group

of the essential oil of Feb March Apr May June July Aug Sept Oct Nov Dec
Jjuniper branches, % Monoterpene 680 764 722 787 610 729 546 707 721 775 786 79.0
hydrocarbons
Sesquiterpene 134 128 158 108 198 136 21.0 148 13.7 102 92 8.8
hydrocarbons
Oxygen- 4.5 1.8 14 1.9 3.1 28 42 26 24 26 1.9 22
containing
monote rpenes
Oxygen- 8.9 5.1 8.1 6.0 121 6.8 153 84 82 70 6.4 7.0
containing
sesquiterpenes
Other compounds 3.0 1.9 1.2 1.6 1.6 1.8 1.7 1.8 2.0 14 2.0 1.4
In Total 97.8 98.0 987 99.0 976 979 968 983 984 987 981 984
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uary to April. J. R. Ochocka et al. (1997) studied to what
extent the season of harvesting influences the compo-
sition of the juniper essential oil. They found increas-
ing yield of limonene (1.5 — 6.7%) and decreasing con-
tents of B-myrcene (9.5 — 4.0%) and B-phellandrene (19.1
- 4.9%) in needles samples between autumn and spring.
Analyses of essential oils from Estonian juniper branch-
es showed increasing yield of B-phellandrene and de-
creasing yield of limonene in summer (Table 2).

The juniper chemotype, growing and analyzed in
Estonia is rich in a-pinene and seems to be similar to
samples from Lithuania (Butkiene et al. 2005a, 2006a,b),
Norway (Karlsen and Svendsen 1968, 2002, 2003),
Bulgaria (Yankov et al. 1969), Sweden (Adams 2000)
or Italy (Marongiu et al. 2005). But in the composi-
tion of needle oil of juniper from India the major com-
ponent was sabinene (27.5- 48.8%), the yield of a-
pinene (4.0 - 6.2%) was conspicuously low (Pande and
Mathela 2000, Singh et al. 2005). There was found three
chemical races — the a-pinene type, the sabinene type
and one with intermediate contents of these terpenes
among both J. communis and J. nana in Poland (Filip-
owicz et al. 2006). In the oil of Estonian juniper the
sabinene was a minor component (0.3 — 0.7%). On the
other hand, the amount of a.-pinene decreased and the
amount of myrcene increased with increasing hydro-
distillation rate (Milojevi¢ et al. 2008). As it was found
in the results of investigations (Butkiene et al. 2009),
the needles and berries of the same juniperus grow-
ing wild in Lithuania produced essential oils of differ-
ent chemotypes: the juniperus with needles produc-
ing sabinene-chemotype oils were found only in three
localities from the 34 investigated habitats, beside the
plants with needles biosynthesizing a-pinene-chem-
otype essential oils.

In the 109 samples of essential oil isolated from
the needles of J. communis ssp. alpina growing in wild
in Corsica, was the main component limonene (up to
53.9%) (Ottavioli et al. 2009).

a-Pinene and B-pinene have exhibited a spas-
mogenic activity towards smooth muscle, with no ef-
fect on cardiac muscle (Barnes et al. 2002). 3-Phellan-
drene (4.1 — 11.4%) was the second major constituent
in needle oils from Lithuania (Butkiene et al. 2005a).
In Estonian oils, yield of f-phellandrene was only 0.5
— 2.0%. The second main compound in Estonian oil
was limonene (4.2 — 10.0%), as in needle oils from
Sweden (Adams 2000) and Italy (Marongiu et al. 2005).

The limits of all other compounds excluding a-
pinene and terpinen-4-ole in the braches’ oils corre-
sponded to the standards stated by EP to juniper
berries (European Pharmacopoeia 2008). By the EP
the yield of terpinen-4-ol should be between 0.5 and
10%, but in the juniper sample analyzed, the amount

of terpinen-4-ol was under EP standard (0.2 — 0.7%).
As much the mentioned essential oil component is re-
ported to increase the glomerular filtration rate, the di-
uretic activity of juniper has been attributed just to
terpenen-4-ol. However, on the other hand, it is also
stated to be an irritant to kidneys (Barnes et al. 2002).

The yield of a-pinene in analyzed oils usually did
not correspond to the EP standard (20 — 50%) for ber-
ries; only in samples collected in May and July the
amount of a-pinene was lower than 50%. As shown
(Butkiene et al. 2007), the essential oils of the needle,
unripe and ripe berry of juniper of Lithuanian origin
were of a-pinene chemotype (42.4 — 67.4%), but the
amounts of a-pinene in the wood oils (15.9-31.0%) were
lower than those in the oils mentioned above. The most
abundant compounds in one wood oil were nootkatone
(18.4%), a-pinene (15.9%) and a-cadinol (3.8%) and in
the other oil a-pinene (31.0%), p-mentha-1,5-dien-8-ol
(4.5%) and 8-3-carene (4.0%). In the juniper growing in
Norway, the main ingredients of the needles were o-
pinene and B-phellandrene, and in the branches, o-
pinene and limonene (Karlsen and Svendsen 1968). So
the yield of a-pinene in the oils of juniper berries, nee-
dles, branches and wood can be rather different.

The sums of mono- and sesquiterpenoids were
close (89.7 - 95.5%) in all five essential oils distilled
from ripe berries of juniper growing wild in northeast
Lithuania (Butkiene et al. 2005b). In the oils of unripe
and ripe berries from five plants of juniper growing wild
in Vilnius district, the monoterpene hydrocarbons (61.4
— 80.8%) prevailed (Butkiene et al. 2004). But differ-
ent quantities of monoterpenoids (24.6 and 60.1%) and
sesquiterpenoids (63.4 and 23.2%) were found in the
two essential oils of the juniper wood (Butkiene et al.
2007). Martz et al. recently described the terpenoid
composition of juniper needles collected in Finland
(n = 125) and demonstrated that the content of these
compounds clearly increased with latitude and altitude
with, however, a stronger latitudinal effect - a higher
content of monoterpenoids (Martz et al. 2009).

In our investigation, it was shown that the yield
of essential oil and ratios of the amounts of mono- and
sesquiterpenes depended on the month of collecting
juniper branches. The best time for harvesting juni-
per branches seems to be from January to April. The
yield and composition of essential oils of branches
were rather similar, but did not completely correspond
to the standards of EP stated to juniper berries.
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COJIEPX KAHUE U COCTAB D®HUPHOT'O MACJIA BETBEN MOXKXEBEJIbHUKA
OBBIKHOBEHHOI'O (JUNIPERUS COMMUNIS L.) B 9CTOHHUU

Aiin Paajy, Maprapiita Kanyr, Aune Opas

Pe3siome

Bbir mpoaHanM3upoBaHsl coiepikaHue U COCTaB d(HPHOTO Maciia KyCTOB MOXOKEBENbHUKA OOBIKHOBEHHOTO (Juniperus
communis L.). Bouln CpaBHEHBI COCTaB M KOJMYECTBO 3(DUPHOIO Macia, H30JIHPOBAHHBIC M3 BETBCH MOJMOKEBEIbHUKA
exxemecstuHo B 2006-2007 (12 obpa3nos). AMIUIUTYy[a KonudecTsa Jo0bIToro Macia coctasuna ot 0.05 mo 0.7%. B obmeit
CJIOXHOCTH OBUIO UIeHTH(UIMPOBaHO 77 COeANHEHHH, 4To oTBedaeT boiee 96%-am Macen. DpupHOE MACIIO, MOITYyYSHHOE U3
ICTOHCKOTO MOJMIKEBEIBHOTO KyCTa, TOKa3ajao BBICOKOE coiepxkaHue a—nuHeHa (40.4-62.0%), npeobmanaromui
BTOPOCTETIEHHBIH KOMIIOHEHT ObuT JmMoHeH (4.2-10.0%), a-kaguuon (1.9 — 6.3%), B-xaguneH (2.1-4.8%), y-MyponeH u
repmakpet [ (1.6-4.4%), mupuen (2.6-3.1%), o- u B-cenunen ( 0.9-3.1%), repmaxpen-/-4-o1 (0.8-3.0%) u B-nuren (1.4-
2.2%). Conepxanue 3(pUPHOIO Macia U KOJIMYECTBO MOHO- U CECKBHTEPIICHOB 3aBUCUT OT Mecsla cOopa pacTHTENbHOTO
Mmarepuaia. Jlydmiee Bpems 11 cOopa ypoxkas MOMOKEBEIBHOTO KycTa ¢ siHBaps 1o anpeib. ComepixaHue 1 cocTaB 3QUPHBIX
Mace’ He TI0JTHOCTBIO COOTBETCTBYET cTanaapram EBpomnetickoit dapmakonen yupexA€HHBIM IS MOXOIKEBEIBHBIX STOJ..

Key words: Juniperus communis; MOXOKEBEIBHUK; BETKH; 3(QUpHOE Maciio; o.-IIMHEH; BpeMs A cOopa; EBponeiickas
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