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Ripe cones of Juniperus communis L. (Cupressaceae) were collected from five wild populations in
Kosovo, with the aim of investigating the chemical composition and natural variation of essential oils
between and within wild populations. Ripe cones were collected, air dried, crushed, and the essential oils
obtained by hydrodistillation. The essential-oil constituents were identified by GC-FID and GC/MS
analyses. The yield of essential oil differed depending on the population origins and ranged from 0.4 to
3.8% (v/w, based on the dry weight). In total, 42 compounds were identified in the essential oils of all
populations. The principal components of the cone-essential oils were a-pinene, followed by b-myrcene,
sabinene, and d-limonene. Taking into consideration the yield and chemical composition, the essential oil
originating from various collection sites in Kosovo fulfilled the minimum requirements for J. communis
essential oils of the European Pharmacopoeia. Hierarchical cluster analysis (HCA) and principal
component analysis (PCA) were used to determine the influence of the geographical variations on the
essential-oil composition. These statistical analyses suggested that the clustering of populations was not
related to their geographic location, but rather appeared to be linked to local selective forces acting on
the chemotype diversity.

Introduction. – Juniperus communis L. (Cupressaceae) is an evergreen dioecious
shrub or tree species native to Europe, growing from 0.5 up to 15 m high. It is the only
Juniperus species that occurs on both hemispheres [1]. The leaves are stiff and spiky,
with a needle-like form and a pungent odor, usually arranged in whorls of three leafs.
Their color is green, with a single, white stomatal band above. Plants bear cones
(resembling fleshy berries) with an ovoid to globose form, open on the apex, up to
10 mm in diameter, which are green in the first year and blue-black when fully ripened
(in the second or third year; Fig. 1) [2] [3].

This species is widespread in Kosovo and is present in several different
habitats, ranging from hilly to alpine regions, such as dry and open forests, heath,
moorland, and chalk downs, and it is particularly common in pastures where cattle
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graze. Juniper cones have long been used as flavorings in foods and alcoholic beverages,
for seasoning, pickling meats, medicine, perfumery, cosmetics, etc. [4– 6]. In the
Kosovar traditional medicine, juniper has been used to treat kidney and stomach
disorders as well as respiratory inflammations. Different preparations of juniper cones
are used as folk remedy against rheumatic complaints, asthma, and kidney stones
[7] [8].

Recently, the chemical composition of J. communis cone essential oils originating
from different regions of the world have been reported by several studies. a-Pinene (1),
b-myrcene (2), and sabinene (3) were the main constituents of essential oils obtained
from junipers growing in different regions of the Balkans [9 – 15], whereas d-limonene
(4), compounds 1 and 2, d-cadinene (5), a-terpinyl acetate, and b-pinene (6) were the
main compounds in Corsican samples [16], compounds 1, 2, and 4 those in Spanish cone
oils [17], and compounds 1, 2, and 5, a-cadinol (7), and bornyl acetate (8) those in
Lithuanian samples [18]. The cone oil of J. communis ssp. nana originating from
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Fig. 1. Mature cones of Juniperus communis L. (Photo by A. H.)



Sardinia was composed chiefly of compound 4 (40.1%), germacrene D (9, 17.2%), and
compound 1 (4.7%) [19]. On the other hand, the main cone-oil constituents of J.
oxycedrus growing wild in Kosovo were compounds 1, 2, 4, and 9 [20]. Regarding the
variation in content and chemical composition of the cone oils among populations, the
experimental data had demonstrated that it was mainly related to the geographical
origin of the plant population, altitude, environmental factors, degree of ripeness of the
cones, and other factors, such as different harvesting methods or distillation techniques
[21].

In addition to the manifold and diverse chemical composition of secondary
metabolites found in J. communis cone oil, it also has different biological activities,
including hypoglycemic [22], carminative, uterine-tone promotion, antifertility [23],
antioxidant [24], antiseptic, and antibacterial activity [11] [25] [26]. Moreover, it is used
as a steam inhalant in the management of bronchitis [27]. Many official Pharmaco-
poeias list the herbal substance Juniperi pseudo-fructus and describe it as Ðdried ripe
cone berries of J. communis L. and its essential oil obtained by steam distillation from
the ripe, non-fermented berry conesÏ [28– 33].

The aims of this study were to investigate the chemical composition of the essential
oils obtained from ripe cones of J. communis harvested from five wild populations in
Kosovo (Table 1 and Fig. 2) and to determine the level of their chemical variability, if
any, between populations.

Results and Discussion. – Variability of Yield and Chemical Composition of the
Essential Oils. Hydrodistillation of the ripe cones of J. communis harvested from five
populations in Kosovo produced light-yellowish oils. The yield of essential oil, given in
Table 2, differed depending on the origin of the J. communis populations and ranged
from 0.4 to 3.8% (v/w, based on the dry plant weight). The highest contents of essential
oil (1.2– 3.8%) were found for the oils of Population 5 from PejÜ, whereas the lowest
contents (0.4– 1.0%) were found for the oils of Population 3 from KlinÜ. All samples,
with the exception of some individual plants from GÜrmi and KlinÜ, fulfilled the
minimum requirements of essential oil content of the European Pharmacopoeia
(Table 2) [33]. Previous studies have also shown that the yields of J. communis essential
oil varied according to the origin of the plant material: yields of 1.3, 1.23, 2.13– 3.25,
0.3 – 1.7, and 0.23% were found for berries originating from Corsica [20], Kosovo [18];
Serbia [12], Greece [9], and Italy [26], respectively.
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Table 1. Collection Sites of the Five Juniperus communis Populations Investigated

Population Locality Latitude Longitude Altitude [m] Climatea)

1 MitrovicÜ 42855’43’’N 20852’59’’E 622 C
2 GÜrmi 42844’06’’N 21812’32’’E 704 C
3 KlinÜ 42837’14’’N 20832’43’’E 437 CM
4 Sharr (Sharri National Park) 42813’05’’N 20846’50’’E 906 CM
5 PejÜ (BjeshkÜt e Nemuna

National Park)
42839’22’’N 20816’28’’E 608 CM

a) C: Continental climate; CM: continental climate influenced by Mediterranean climate.



A total of 42 compounds were identified in the essential oils obtained from the ripe
cones of the investigated populations of J. communis growing wild in five locations in
Kosovo. The constituents of the oils are listed in Table 2, in order of their elution from a
HP-5MS column, together with their respective contents expressed as percentages of
the total oil composition. Their chemical structures are presented in Fig. 3.

The main components of the J. communis essential oils of the Kosovar samples were
a-pinene (1), followed by b-myrcene (2), sabinene (3), and d-limonene (4). In all
accessions, the above-mentioned compounds were the main constituents of the
essential oils, but their respective contents fluctuated depending upon the collection
sites (origin of the plant populations). Indeed, the contents of 1 ranged from 23 to 35%,
of 2 from 10 to 18%, of 3 from 5 to 16%, and of 4 from 2 to 5%. Compounds 1– 3 have
also been reported as the main constituents of the J. communis oils from samples
originating from Greece [9], Montenegro [34], Serbia [11] [12], and Kosovo [14].

Moreover, the contents of the main components of the present samples were within
the range of the requirements of the European Pharmacopeia [33], which are 20 –50%
for 1, <20% for 3, 1 – 12% for b-pinene (6), 1 – 35% for 2, 2– 12% for 4, <1% for
a-phellandrene, 0.5 – 10% for terpinen-4-ol, <2% for bornyl acetate, and <7% for
b-caryophyllene. The monoterpene hydrocarbons constituted the major chemical
class of components (60.0–78.4%), followed by the sesquiterpene hydrocarbons
(12.2 –22.5%), oxygenated sesquiterpenes (4.0 – 8.2%), oxygenated monoterpenes
(1.2– 2.0%), while the unidentified and non terpenoid compounds ranged from 2.8
to 11.5%.

Population Diversity According to the Chemical Composition of the Essential Oils. It
was previously reported that the changes in the content and composition of Juniperus
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Fig. 2. Map of the collection sites of Populations 1–5 across Kosovo. Image adapted from Google Earth
(https://earth.google.com/); for population details, cf. Table 1.
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Table 2. Chemical Composition of the Cone Essential Oils of Juniperus communis Populations 1–5

Compound name and classa) tR [min]b)KIc) Content [%]d)

1e) 2 3 4 5

a-Phellandrene (10) 6.72 930 0.33 0.43 0.58 0.67 1.24
a-Pinene (1) 6.93 93930.78 34.82 32.94 23.43 32.82
Sabinene (3) 7.94 975 5.28 7.55 9.99 10.99 15.64
b-Pinene (6) 8.04 979 1.79 2.22 2.39 1.56 2.68
b-Myrcene (2) 8.37 99010.30 17.70 17.85 10.91 14.01
Car-3-ene (11) 9.11 1011 0.09 0.20 0.26 0.31 0.47
p-Cymene (12) 9.34 1026 0.06 0.00 0.10 0.12 0.23
d-Limonene (4) 9.45 1029 4.70 2.46 2.74 2.99 4.05
g-Terpinene (13) 10.31 1062 0.26 0.42 0.57 0.99 1.01
l-Linalool (14) 11.17 1096 0.07 0.00 0.08 0.05 0.19
Terpinen-4-ol (15) 13.76 1177 0.65 0.93 1.02 1.11 1.19
a-Terpineol (16) 14.14 1189 0.27 0.25 0.01 0.08 0.09
Bornyl acetate (8) 16.79 1285 0.09 0.05 0.00 0.02 0.33
a-Cubebene (17) 18.53 1351 0.54 1.47 2.17 2.81 1.86
Copaene (18) 19.26 1376 0.40 0.54 0.18 0.24 0.21
b-Elemene (19) 19.66 1390 0.67 0.94 1.09 1.05 0.57
a-Gurjunene (20) 19.96 1409 0.20 0.22 0.22 0.33 0.21
Longifolene (21) 20.10 1407 0.03 0.00 0.00 0.00 0.03
b-Caryophyllene (22) 20.43 1418 0.92 0.72 0.87 1.17 0.72
g-Elemene (23) 20.71 1436 0.11 0.00 0.05 0.38 0.05
(E)-b-Farnesene (24) 21.20 1456 0.00 0.11 0.01 0.05 0.00
a-Humulene (25) 21.29 1454 1.07 1.52 1.84 2.63 1.19
g-Muurolene (26) 21.82 1477 0.46 0.09 0.12 0.24 0.21
Germacrene D (27) 21.98 1481 2.65 2.09 1.37 1.75 1.41
b-Selinene (28) 22.12 1490 1.12 1.35 1.69 2.28 1.01
Bicyclogermacrene (29) 22.35 1500 0.17 0.13 0.11 0.24 0.18
a-Bulnesene (30) 22.58 1509 0.16 0.10 0.11 0.23 0.13
g-Cadinene (31) 22.76 1513 2.24 0.86 1.27 1.98 1.59
d-Cadinene (5) 22.95 1523 0.13 0.17 0.15 0.29 0.05
Selina-3,7(11)-diene (31) 23.31 1542 0.76 0.52 0.58 0.66 0.48
trans-Dauca-4(11),7-diene (32) 23.58 1557 0.30 0.67 0.26 0.41 0.26
Germacrene B (33) 23.84 1561 1.28 2.27 2.18 2.71 1.06
Carotol (34) 24.31 1594 0.45 0.66 1.00 0.87 0.38
1-epi-Cubenol (35) 25.08 1627 2.84 2.71 1.52 1.88 1.02
cis-Cadin-4-en-7-ol (36) 25.47 1636 0.38 1.03 0.40 0.75 0.45
a-Muurolol (37) 25.76 1646 1.00 1.95 1.64 2.02 0.92
Cubenol (38) 25.85 1646 0.76 0.28 0.56 0.86 0.49
a-Cadinol (7) 26.06 1654 0.90 0.55 0.22 0.71 0.38
Caryophyllene acetate (39) 26.92 1701 1.99 0.61 0.33 1.04 0.49
ent-Rosa-5,15-diene (40) 31.88 1934 0.95 0.46 0.13 0.47 0.44
13-epi-Manool oxide (41) 32.94 2010 1.59 1.06 0.44 1.67 0.71
Sandaracopimarinal (42) 36.65 2184 4.52 2.53 1.54 3.44 1.49
Unknown 1 37.14 0.21 0.33 0.00 0.00 0.00
Unknown 2 38.05 0.36 0.37 0.10 0.22 0.11



cone essential oils depended on the geographical origin of the plant, maturity of the
cones, age of the plant, meteorological conditions (e.g., temperature and insulation)
and other environmental factors, harvesting methods, and distillation techniques
[11] [25] [35] [36]. In the present study, principle component analysis (PCA) was used
to identify possible relationships between the volatile composition of the cone oils and
the geographical location of the sampled juniper populations. The PCA plot (Fig. 4)
showed that the first two principal axes (F1 and F2) represented ca. 55% of the total
variance. The first axis, explaining 31% of the total variation, accounted for the positive
contributions of the contents of a-pinene, g-cadinene, d-limonene, germacrene D,
cubenol, caryophyllene acetate, sandaracopimarinal, and 13-epi-manool oxide and the
negative contributions of the contents of b-pinene, sabinene, terpinene-4-ol, a-
cubebene, cis-cadin-4-en-7-ol, b-myrcene, b-elemene, a-humulene, b-selinene, germa-
crene B, and a-muurolol. The second axis, explaining 24% of the total variance,
accounted for the positive contributions of the contents of germacrene D, cubenol,
caryophyllene acetate, sandaracopimarinal, 13-epi-manool oxide, 1-epi-cubenol, a-
cubebene, cis-cadin-4-en-7-ol, b-myrcene, b-elemene, a-humulene, b-selinene, germa-
crene B, and a-muurolol and the negative contributions of the contents of a-pinene, g-
cadinene, d-limonene, b-pinene, sabinene, and terpinene-4-ol (Fig. 4).

In addition to the PCA, the data were also examined by hierarchical cluster analysis
(HCA), to identify possible relationships between the volatile composition of the cone
oils and the geographic location of the sampled plants. The general structure of the
dendrogram generated by HCA based on the chemical composition of the juniper cone
oils and considering the Euclidean distance between groups (Fig. 5) indicated the
existence of three clusters of populations with a dissimilarity >200. The first cluster
included the samples of the populations from MitrovicÜ and GÜrmi, the second cluster
comprised four of the five cone-oil samples of the population from PejÜ (5/1 and 5/3 –
5/5), whereas the third cluster grouped Sample 2 from PejÜ (5/2) and the samples of the
populations from Sharr and KlinÜ.
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Table 2 (cont.)

Compound name and classa) tR [min]b)KIc) Content [%]d)

1e) 2 3 4 5

Total identified 99.4 99.3 99.9 99.8 99.9
Monoterpene hydrocarbons 63.93 70.49 74.35 60.00 78.38
Oxygenated monoterpenes 1.29 1.32 1.22 1.45 1.96
Sesquiterpene hydrocarbons 15.76 14.75 15.74 22.46 12.19
Oxygenated sesquiterpenes 7.55 7.69 5.89 8.19 3.95
Unidentified and non terpenoid compounds 11.48 5.74 2.80 7.90 3.52

Yield [% (v/w)] 1.1–2.4 0.4–2.4 0.4–1.0 1.1–3.7 1.2–3.8

a) The compounds are listed in the order of their elution from a HP-5MS column; the chemical formulae
of the compounds are given in Fig. 3. b) tR : Retention time. c) KI : Kovats retention index determined
relative to a series of n-alkanes (C9 –C20) on a HP-5 MS column. d) Relative contents obtained by FID
peak-area normalization; values are averages of the five accessions. e) For the geographical origin and
details of Populations 1–5, cf. Table 1 and Fig. 2.
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Fig. 3. Chemical formulae of the constituents identified in the essential oils of ripe Juniperus communis
cones of Populations 1–5. For the compound names, cf. Table 2.



Interestingly, the PCA did not exactly confirm the clustering revealed by the HCA.
The two-dimensional PCA axial system also identified three groups of samples based
on the chemical composition of their essential oils (Fig. 4), but the arrangement of
populations was slightly different. The first cluster included all five samples from
MitrovicÜ (Population 1, located in the northern part of Kosovo). The essential-oil
components that contributed to the clustering of this population were a-pinene, g-
cadinene, d-limonene, germacrene D, cubenol, caryophyllene acetate, sandaracopi-
marinal, and 13-epi-manool oxide. This first cluster (population from MitrovicÜ) was
the most distant and was clearly distinguished from the other clusters in the analysis.
The second cluster comprised all five samples from PejÜ (Population 5, located in the
western part of Kosovo). The principle components were dominated by the contents of
b-pinene, sabinene, terpinene-4-ol, a-cubebene, and cis-cadin-4-en-7-ol (Fig. 4). The
third cluster contained the samples of Population 3 from KlinÜ (central part of
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Fig. 4. Plot obtained by principle-component analysis of the contents of 20 selected terpenes in the essential
oils isolated from five samples each of J. communis Populations 1–5. Three clusters were distinguished:
green, Cluster 1 (Population 1 from North Kosovo, Samples 1/1–1/5); blue, Cluster 2 (Population 5 from
West Kosovo, Samples 5/1–5/5); orange, Cluster 3 (Populations 2–4 from Central and South Kosovo,

Samples 2/1–4/5). For population details, cf. Table 1.



Kosovo), Population 4 from Sharr (southern part of Kosovo), and Population 2 from
GÜrmi (north-eastern part of Kosovo). The contents of terpinene-4-ol, a-cubebene, cis-
cadin-4-en-7-ol, b-myrcene, b-elemene, a-humulene, b-selinene, germacrene B, and a-
muurolol were the principal components that contributed to the clustering of the
samples from KlinÜ, GÜrmi, and Sharr that clearly formed a separate group in the PCA.

The variability in the chemical composition of the essential oils among the
populations of J. communis seems to reflect the environmental impact on the
composition, influenced by differences in the habitat, i.e., the altitude and the
microclimatic conditions. Although the geographic territory of Kosovo is small, from a
climatic aspect, it is not uniform. The samples of Population 1 from MitrovicÜ
(northern part of Kosovo) were the most distant ones and clearly stood out from the
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Fig. 5. Dendrogram obtained by hierarchical cluster analysis (unweighted pair-group method, squared
Euclidean distances) of the contents of 20 selected terpenes in the essential oils isolated from five samples

each of J. communis Populations 1–5 (Samples 1/1–5/5). For population details, cf. Table 1.



other samples; this might be explained by the fact that Population 1 is located in an area
characterized by a typical continental climate. The other populations, including those
from Sharr (southern part of Kosovo), KlinÜ (central part of Kosovo), and PejÜ
(western part of Kosovo) are located in the Dukagjini Valley, which is characterized by
a continental climate that is influenced by the Mediterranean climate coming from the
Adriatic Sea via the Drini Bardh river valley. The PejÜ population (western part of
Kosovo) differed from the two others, as it is located at the edge of the area, influenced
by the Mediterranean climate and in the foothills of the Albanian Alps. Although the
GÜrmi population (north-eastern part of Kosovo) is located in an area that is
characterized by a continental climate (similar to that of MitrovicÜ), it clustered in the
PCA with two other populations (Sharr and KlinÜ) that are located in an area with
continental climate influenced by the Mediterranean climate.

Conclusions. – The present investigation of the chemical composition of J.
communis cone essential oils from Kosovo has contributed to a better understanding
of the essential-oil constituents of the genus Juniperus. The yield of essential oil differed
depending on the population origins and ranged from 0.4 to 3.8% (v/w, based on dry
weight of plant material). The main essential-oil components were a-pinene, followed
by b-myrcene, sabinene, and d-limonene. As well the yield as the chemical composition
of the essential oils originating from various sites in Kosovo fulfilled the minimum
requirements for juniper essential oil of the European Pharmacopoeia. Application of
HCA and PCA revealed differences in the chemical composition depending on the
geographical origin of the plant populations. The variability in the chemical
composition of the essential oils among the populations of J. communis seems to
reflect the environmental impact on the oil composition, influenced by differences in
habitat, i.e., altitude and microclimatic conditions. The observed deviations from the
climatic impacts may be linked to epigenetic factors. To confirm the natural variability
and chemo-polymorphism of this species in Kosovo, especially with regards to the
deviation of the oil compositions of the samples of the population from GÜrmi, further
investigation is warranted and should be corroborated with more comprehensive
molecular analyses.

The authors wish to thank the Ministry of Education, Science, and Technology of the Republic of
Kosovo for providing funding for the completion of this work.

Experimental Part

Plant Material. Ripe cones of Juniperus communis L. were collected from August to October 2012
from five different wild populations in Kosovo (Table 1, Fig. 2). The essential-oil composition of 25
individual samples was examined, representing five individual samples from each population. Voucher
specimens of each population were deposited with the Herbarium of the Department of Biology,
University of Prishtina (No. LEB/2014/JC). The plant material was air-dried in the shade at r.t., prior to
processing and chemical analysis.

Essential-Oil Extraction. The ripe cones were chopped up, and the essential oils were obtained by
hydrodistillation using a Clevenger apparatus for 90 min, according to the procedure described in the
European Pharmacopoeia [33]. The samples were stored at ¢188 in the freezer until further analyses.

GC-FID Analysis. The GC-FID analyses were performed using an Agilent 7890A apparatus
equipped with a flame-ionization detector (FID, Agilent Technologies) and a HP-5MS cap. column
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(30 m 0.25 mm i.d., film thickness 0.25 mm). The carrier gas used was He, with an initial flow rate of
0.6 ml/min and subsequently at a constant pressure of 50 psi. The front inlet was maintained at 2508 with a
split ratio of 50 :1. The oven temp. increased from 60 to 2608 at a rate of 58/min, and the FID operated at
2508 with an air flow of 350 ml/min and a H flow of 35 ml/min. The injection volume was 1.0 ml.

GC/MS Analysis. The GC/MS analyses were performed using an Agilent 7890A apparatus coupled to
a 5975C MSD (Agilent Technologies). The ionization energy was 70 eV, and the spectra were recorded
over a mass range of 40–400 amu. The separation was achieved with the same column and under the
same experimental conditions as described above for the GC-FID Analysis.

Identification of Essential-Oil Components. The identification of the essential-oil components was
based on the comparison of their Kovats retention indices (KIs), determined by linear interpolation rel.
to the tR of a homologous series of n-alkanes (C9 –C20) measured under the same operating conditions,
with those reported in the literature [37]. In addition, the identification of the constituents was confirmed
by comparing their mass spectra with those listed in the Wiley/NIST 05.L database and with those from
the literature [37].

Statistical Analysis. Hierarchical cluster analysis (HCA) and principle component analysis (PCA)
were used to evaluate the chemical variability among the investigated J. communis essential oils from
Kosovo. The oil components with contents higher than 1% of the total oil composition in at least one
sample were subjected to PCA and HCA, using the statistical analysis software XLSTAT Version
2014.2.03.
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