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The study evaluates the chemical composition of the volatile constituents of ten plant species traditionally used as herbal tea in the
Sharri Mountain regions (Kosovo and North Macedonia). Volatile constituents responsible for the flavour and fragrance of
selected species (Crataegus monogyna, Cydonia oblonga, Malus sylvestris, Matricaria chamomilla, Morus alba, Morus nigra, Rosa
canina, Sambucus nigra, Tilia cordata, and Vaccinium myrtillus) were separated and then identified using GC-MS, whereas GC-
FID is employed for the quantitative analysis. Experimental data revealed different patterns of volatile constituents depending on
plant species. Monoterpenes, sesquiterpenes, diterpenes, and norisoprenoids were the most abundant volatile constituents.
Principal component analysis (PCA) was deployed for data analysis and resulted in grouping these ten species in four principal
clusters. The combination of various volatile constituents present in specific plant species may play an important role in the

specific aroma and taste sensation of these species used as recreational teas.

1. Introduction

The Sharri Mountain (in Albanian known as Malet e Sharrit;
in Macedonian and Serbo-Croatian as Sar Planina) lies in the
southern part of Kosovo and northwest part of North
Macedonia. The region is rich in terms of biological di-
versity, and in recognition of its biodiversity richness, a part
of Sharri Mountain in Kosovo (1989, extended in 2012) and
that in North Macedonia (2021) were declared as a National
Park [1-3]. The region possesses valuable cultural heritage,
too [1]. The ethnobotanical literature revealed that local
communities used local plants as food and as aromatic and
refreshing hot beverages (recreational tea) apart from me-
dicinal purposes. Species of the Lamiaceae, Asteraceae, and
Rosaceae families were mainly used to prepare herbal tea [4].
In this study, the chemical composition of the volatile
constituents of ten local plant species used as recreational tea
in Kosovo and North Macedonia parts of the Sharri Region
has been evaluated. The studied plants belong to five

different families, including Rosaceae (Crataegus monogyna
Jacq., Cydonia oblonga Mill., Malus sylvestris (L.) Mill., and
Rosa canina L.), Adoxaceae (Sambucus nigra L.), Ericaceae
(Vaccinium myrtillus L.), Moraceae (Morus alba L. and
Morus nigra L.), Malvaceae (Tilia cordata Mill.), and
Asteraceae (Matricaria chamomilla L.).

2. Materials and Methods

2.1. Plant Material. The plant material was collected from
July to October 2018 in Sharri Mountains (Kosovo and
North Macedonia). Only plant species used as hot aromatic
beverages (water infusion) for recreational consumption
(excluding those used for specific medical purposes) were
selected. They were selected based on the reviewed data from
previously published ethnobotanical studies, unpublished
ethnobotanical data, and interviews carried out during the
fieldwork. Plant material was either collected from wild
populations in Sharri Mountains, purchased in the local
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markets (in 2018), or provided by local residents that were
wildcrafted or cultivated for family use. The plant species
were identified according to the Flora Europaea [5], while
the botanical nomenclature assignments followed The Plant
List database [6].

2.2. Plant Material Extraction. Plant material was dried, cut
into small pieces (>0.3cm), and then extracted by hydro-
distillation (50g of cut plant material in 0.5 litres of deionized
water contained in a 1 litre flask) at a distillation rate of
3ml.min~" using a Clevenger apparatus for 3 hours. Their
volatiles were collected in 1 mL n-hexane, and the extracts
were stored at —18°C in the freezer until further analysis.

2.3. GC-MS and GC-FID Analyses. The volatile constituents
were separated using a HP-5ms column (30 m x 0.25 mm
id.,, film thickness 0.25mm) in a gas chromatograph
(Agilent 7890A). The identification was made using a mass
spectrometry detector (Agilent 5975C MSD). The mass
spectrometer ionization energy was 70 eV, with a mass range
of 40-400 m/z. Helium was used as a carrier gas at an initial
flow rate of 0.6 mL/min (50 psi), and 1.0 uL of the sample was
injected with a split ratio of 50:1. The initial GC oven
temperature was 60°C (5 min), increased from 60°C to 280°C
at a rate of 5°C/min. GC-FID analyses were performed with
the same column and temperature program as the analytical
GC/MS.

2.4. Identification of Volatile Constituents. Each constituent
was identified by comparing the Kovats retention indices
with those reported in the literature [7]. The retention
arithmetic indices (RIs) were calculated using a linear in-
terpolation of a homologous series of n-alkane (C9-C28)
retention times under the same operating conditions. Fur-
thermore, the constituents were identified by comparing the
mass spectra of each constituent with those stored in the
NIST 08.L and WILEY MS 9th databases. Furthermore,
some of the peaks were identified by comparing the re-
tention times and mass spectra with authentic constituents.
The relative intensity of each compound has been calculated
as the ratio between the area of the specific molecule and the
sum of the areas of all identified peaks (peak area nor-
malization method) in the chromatogram [8, 9].

2.5. Statistical Analysis. Principal component analysis
(PCA) was used for data analyses. Only chemical constit-
uents with concentrations higher than 5% were selected for
statistical analysis. The XLStat program (version 2021.2.2)
was used for the PCA.

3. Results and Discussion

Eighteen plant species were identified for making recrea-
tional herbal teas in the Sharri Mountain area. The chemical
composition of eight plant species of the Lamiaceae family
was reported previously [10], while in this article, the volatile
constituents of the species belonging to the families of
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Adoxaceae, Asteraceae, Ericaceae, Malvaceae, Moraceae,
and Rosaceae used for making recreational herbal teas are
reported (Table 1). Regarding botanical genera, the genus
Rosa was represented with four species and the genus Morus
was represented with two species, while all other genera were
represented with only one species.

The volatile composition of the analyzed species is pre-
sented in Table 2. Forty-seven volatile compounds were
identified in the extracts of the common hawthorn flowers
(Crataegus monogyna Jacq.). Oxygenated sesquiterpenes
(36.35%) were the most prominent constituents, followed by
oxygenated monoterpenes (31.22%), sesquiterpenes (18.32%),
hydrocarbons (5.74%), fatty acids and derivatives (2.23%),
and monoterpenes (1.15%). The principal constituents were
spathulenol (22.76%), cis-pinocamphone (19.86%), E-car-
yophyllene (6.87%), 1.8-cineole (4.52%), caryophyllene oxide
(417%), and isomenthone (3.17%). In hawthorn leaf and
flower samples collected in Turkey, the principal volatile
components were aldehydes, benzaldehyde (82.54%), bu-
tyraldehyde (38.27%), and (E) 2-hexenal (21.67%), while
linoleic (64.23%), oleic (39.36%), and palmitic (8.16%) acids
were the principal constituents of seeds [11].

In the extract of the quince leaves (Cydonia oblonga
Mill.), forty-six compounds were identified. Hydrocarbons
(34.44%) and oxygenated sesquiterpenes (23.29%) were the
most prominent classes of identified compounds, followed
by fatty acids and their derivatives (21.34%) and other
compounds (10.61%), whereas sesquiterpenes (5.08%),
diterpenes, oxygenated diterpenes (3.55%), and oxygenated
monoterpenes were present in smaller amount (0.36%). E-f-
ionone (7.73%) was the most prominent compound fol-
lowed by n-eicosane (5.94%), 14-oxy-a-muurolene (5.38%),
n-tricosane (4.86%), dodecanoic acid (4.55), 3Z-hexenyl
salicylate (4.18%), hexacosane (4.02%), §-cadinol (3.95%), n-
docosane (3.88%), n-hexadecanoic acid (3.67%), a-bisabo-
lone oxide (3.62), linoleic acid (3.36%), and 3E-cembrene
(3.14%). The principal volatile constituents in quince leaves
collected in Turkey during the flowering period were
benzaldehyde (12.8%), followed by the fatty acid, hex-
adecanoic acid (7.2%), oxygenated monoterpene, linalool
(5.7%), and E-B-ionone (5.1%), while during the fruiting
period, the main constituents are sesquiterpenes, germa-
crene D (8.6%), and benzaldehyde (4.9%) [12]. The per-
centage of E-fB-ionone (C13-norisoprenoid) (7.73%) in our
samples was higher, whereas the percentage of hexadecanoic
acid (3.67%) was lower than in Turkish samples. On the
other hand, the most prominent constituents of essential oils
obtained from Serbian samples were ethyl 2-methyl-
butanoate, (E,E)-a-farnesene, ethyl-(2E,4Z)-decadienoate,
pentadecanol, S-acoradienol, ethyl decanoate, ethyl octa-
noate, (E)-nerolidol, and ethyl dodecanoate [13].

The volatile constituents obtained from European crab
apple (Malus sylvestris (L). Mill) represent a complex mixture
of constituents composed of thirty-seven compounds. The
main classes of chemical constituents were sesquiterpenes and
oxygenated sesquiterpenes, with 44.87% and 20.11%, re-
spectively (Table 2), followed by other compounds (14.1%),
fatty acids and derivatives (8.09%), hydrocarbons (6.88%),
and oxygenated monoterpenes (4.62%). The most prominent
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TaBLE 1: List of the selected plant species used for tea preparation.

Plant family Plant species

Plant organs used

Plant origin Frequency of use

Asteraceae Matricaria chamomilla L.
Malvaceae Tilia cordata Mill.
Rosaceae Rosa canina L.
Ericaceae Vaccinium myrtillus L.
Rosaceae Malus sylvestris Mill.
Adoxaceae Sambucus nigra L.
Moraceae Morus alba L.
Moraceae Morus nigra L.
Rosaceae Crataegus monogyna Jacq.
Rosaceae Cydonia oblonga Mill.

Flowers Wwild Still being used
Leaves wild Still being used
Fruits Wwild Still being used
Fruits Wwild Occasionally used
Fruits wild Rarely used
Flowers Wwild Rarely used
Leaves Cultivated No longer used
Leaves Cultivated No longer used
Flowers Wwild No longer used
Leaves Cultivated No longer used

compounds were E-f-farnesene (12.86%), a-cadinol (16.6%),
E-spiroether (9.7%), a-bisabolone oxide (5.9%), a-bisabolol
oxide A (5.46%), 2E-dodecanal (4.6%), hexacosane (3.51%),
and caryophyllene oxide. GC-FID and/or GC-MS analysis of
dichloromethane extracts of European wild apple fruit dis-
tillates originating from Serbia revealed complex volatile
profiles of the main detected components to be alcohols,
shikimate metabolites, esters, terpenes, aldehydes and acetyls,
fatty acids, and carotenoid-derived compounds [14].
Among the abovementioned species of the family
Rosaceae, the volatile constituents were analyzed in the
extracts of the dog rose fruits (Rosa canina L.) and revealed
in the identification of forty-six compounds. Fatty acids and
their derivatives (28.56%), hydrocarbons (27.46%), and
other compounds, mostly tetrahydrofurans (15.34%), were
the principal components in oils, followed by oxygenated
monoterpenes (11.59%), sesquiterpenes (6.22%), monoter-
penes (4.29%), and oxygenated sesquiterpenes (4.07%). The
principal constituents were the fatty alcohol, n-tetradecanol
(13.51%), followed by a C13 spiroether vitispirane (11.47%),
fatty aldehyde, n-nonanal (5.12%), oxygenated monoter-
pene, a-terpineol (5.09%), 14-oxy-a-muurolene (4.07%), n-
hexanol (3.86), 1-octadecene (3.69%), (E)-fB-ocimene
(3.55%), heptacosane (3.45%), n-octane (3.08%), and n-
heneicosane (3.01%). In fresh and dried rosehip samples
collected in Serbia, diverse compounds were detected, in-
cluding ketones, n-nonanal (5.12%), esters, phenols, sitos-
terol, and alcohols. Monoterpenes and aromatic acids were
present in fresh fruits, while aldehydes, monoterpenes, and
aromatic acids were absent in dried rosehip fruits [15].
GC/MS analysis revealed that fifty-six and fifty-one
volatile compounds could be identified in the leaves of
Morus alba and Morus nigra, respectively (Table 2). The
main classes of chemical constituents for M. alba are ses-
quiterpenes (26.52%), followed by hydrocarbons (22.09%),
oxygenated sesquiterpenes (18.87%), and diterpenes and
oxygenated diterpenes (16.35%). Other compounds (6.23%),
oxygenated monoterpenes (4.87%), and fatty acids and
derivatives (1.96%) were present in a smaller amount. On the
other hand, the main classes of constituents for M. nigra are
oxygenated diterpenes (32.07%), sesquiterpenes (22.27%),
and oxygenated sesquiterpenes (17.2%), followed by hy-
drocarbons (14.71%), oxygenated monoterpenes (7.07%),
and fatty acids and derivatives (2.93%). The principal
constituents in M. alba oils were trans-phytol (15.71%),
germacrene D (6.37%), E-caryophyllene (6.26%), n-

pentacosane (4.90%), y-eudesmol (4.04%), caryophyllene
oxide (3.86%), octacosane (3.76%), squalene (3.44), and
B-bisabolene (3.2%), while the main constituents in M. nigra
were trans-phytol (31.78%), germacrene D (6.40%), zierone
(4.61%), E-caryophyllene (4.14%), a-humulene (3.62%), n-
pentacosane (3.91%), methyl citronellate (3.31%), octaco-
sane (3.43%), and y-eudesmol (3.39%). In samples collected
in Serbia, the principal compound was trans-phytol
(M. alba: 65.4-71.2% and M. nigra: 7.9-61.6%). Other classes
of prominent compounds were alkanes, carotenoid-derived
compounds, and fatty acid-related constituents [16]. Phytol
was the most abundant volatile constituent of M. alba leaves
collected in Hungary [17].

In the essential oil of the chamomile flowers (Matricaria
chamomilla L.), forty-nine compounds were identified.
Oxygenated sesquiterpenes (38.13%) and sesquiterpenes
(29.02%) were the principal constituents, followed by other
compounds including spiroketals (14.32%), fatty acids and
derivatives (5.94%), hydrocarbons (5.64%), diterpenes/ox-
ygenated diterpenes (3.28%), and oxygenated monoterpenes
(2.12%). The most abundant characteristic constituents were
E-B-farnesene (21.17%), «-bisabolol oxide A (14.83%),
E-spiroether (8.97%), bisabolone oxide (7.53%), epi-
a-cadinol (4.58%), 2E-dodecenal (4.49%), chamazulene
(3.32%), and trans-phytol (3.28%). Our findings are in line
with previously published data for the most abundant classes
of compounds and specific constituents. In samples collected
in Serbia and Bosnia and Herzegovina, E-f-farnesene,
a-bisabolol and its oxide, chamazulene, germacrene D, and
spiroether were present in high concentrations [18, 19].

The hydrocarbons (49.46%) were the most abundant
classes of the volatile compounds in the extracts of elderberry
flowers (Sambucus nigra L.), followed by fatty acids and their
derivatives (21.31%), oxygenated monoterpenes (14.91%), and
sesquiterpenes (7.52%) and oxygenated sesquiterpenes. Hy-
drocarbons, nonadecane (17.72%), n-tricosane (10.31%),
n-eicosane (5.73%), n-heneicosane (4.08%), n-pentacosane
(5.19%), and n-docosane (3.79%) were the most prominent
compounds, followed by fatty acids and their derivatives, n-
hexadecanoic acid (9.94%), linoleic acid (6.28%), and linalool
(3.27%). Carvacrol (1.95%), citronellol (1.9%), and methyl
citronellate (1.90%) were the most prominent oxygenated
monoterpenes, while trans-a-bergamotene (1.01%) and ger-
macrene D (1.08%) were the principal sesquiterpenes. Our
results were in agreement with previously published results of
elderberry flower volatile constituents originated from
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FIGURE 1: Diagram generated from the principal component analysis of volatile compounds found in ten plant species traditionally used as

teas.

Turkey, dominated by heneicosane (18.8%), tricosane (17.3%),
nonadecane (13%), and pentacosane (10.3%) [20]. On the
other hand, in samples collected in France, the principal
components were hydrocarbons, ethers and oxides, ketones,
aldehydes, alcohols, esters, and acids. The major constituents
were trans-3,7-dimethyl-1,3,7-octatrien-3-ol, palmitic acid
(11.3%), linalool (3.7%), cis-hexenol, and cis- and trans-rose
oxides [21]. In comparison with our results, linalool per-
centages detected in our sample were similar to those samples
originated from France (3.7%).

Twenty-four volatile compounds were identified in Eu-
ropean blueberry (Vaccinium myrtillus L.) fruit extracts. Ox-
ygenated monoterpenes (59.65%) were the most prominent
constituents, followed by fatty acids and their derivatives
(17.38%), sesquiterpenes (11.79%), and oxygenated sesquiter-
penes (4.28%). Oxygenated diterpenes and hydrocarbons were
present in smaller concentrations. Oxygenated monoterpenes,
neral (31.24%) and geranial (22.31%), were the most prominent
compounds, followed by sesquiterpene E-caryophyllene
(10.73%) and its oxygenated derivative, and caryophyllene
oxide (3.85%). Peak areas of hexadecanoic (palmitic) acid, 3Z-
hexenyl salicylate, dodecanoic (lauric) acid, and linoleic acid
were 9.06%, 2.98%, 2.40%, and 2.12%, respectively. To the best
of our knowledge, only a few papers reported data on the
chemical composition of the volatile constituents obtained
from the fruits of the European blueberry. In the study reported
by Jens et al. [22], 99 volatile compounds were identified in
blueberry based on MS data, including alkanes, acids, alcohols,
aldehydes, esters, ketones, and mono- and sesquiterpenes. On
the other hand, HS-SPME analyses revealed complex volatile

profiles, including terpenes such as p-cymene, 1,8-cineole,
linalool, and aromatic compounds, which contribute to the
characteristic blueberry aroma.

In the leaf extracts of small-leaved lime (Tilia cordata
Mill.), seventy compounds were identified, predominantly
belonging to chemical classes of hydrocarbons (44.36%), fatty
acids and their derivatives (22.99%), oxygenated monoter-
penes (7.5%), oxygenated sesquiterpenes (5.41%), and ses-
quiterpenes (3.18%). The most prominent class of compounds
was hydrocarbons: n-pentacosane (11.66%), squalene (4.61%),
n-nonacosane (2.78%), n-heneicosane (11.49%), and n-tri-
cosane (4.72%), followed by fatty acids and their derivatives,
including n-nonanal (7.15%), hexadecanol (2.93%), and
dodecanoic acid (2.24%). The concentration of allylbenzene
derivative, eugenol and terpenoid ketone, and Z-jasmone, was
6.78% and 3.08%, respectively. In accordance with our data,
the study of essential oil from the flowers, bracts, and leaves of
Tilia sp. originated from Turkey showed high percentages of
hydrocarbons and fatty acids and their derivatives
(47.5-66.5% in comparison with 49.46% in our sample).
Likewise, the high content of aliphatic acids was found in
samples from Turkey (28.3-37.1%) [23].

3.1. Statistical Analysis. Principal component analysis (PCA)
has been used to group the analyzed plant species based on
their chemical composition (Figure 1). PCA demonstrated
that the analyzed plant species had been grouped into four
principal groups: Tilia cordata, Sambucus nigra, and Vacci-
nium myrtillus clustered in the first group, Morus alba, Morus
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nigra, and Crataegus monogyna clustered in the second group,
and Matricaria chamomilla and Malus sylvestris clustered in
the third group, whereas the fourth group included Cydonia
oblonga and Rosa canina, with greater similarities concerning
their chemical composition (Figure 1).

3.2. Frequency of the Used Species as Tea. Some of the plant
species analyzed in this study still have importance in use as
herbal in the culture of the Sharri Region. Thus, Matricaria
chamomilla, Tilia cordata, and Rosa canina are still fre-
quently used in this region, and Vaccinium myrtillus is
occasionally used to prepare tea. The species Malus sylvestris
and Sambucus nigra are rarely used nowadays, while Morus
alba, Morus nigra, Crataegus monogyna, and Cydonia
oblonga are not used anymore for this purpose.

4. Conclusions

Eighteen plant species were identified to be used as recre-
ational herbal teas in the Sharri Mountain area. The chemical
composition of eight plant species (Lamiaceae family) was
reported previously, while in this article, the volatile con-
stituents of the species belonging to the families of Adox-
aceae, Asteraceae, Ericaceae, Malvaceae, Moraceae, and
Rosaceae are reported. Experimental data revealed different
patterns of volatile constituents depending on plant species.
The variety of volatile constituents present in plant species
suggests that their combination may play an important role
in the specific aroma and taste sensation of recreational teas,
and these factors are important for consumers’ preferences.
On the other hand, besides phytochemical characteristics,
evaluating the pharmacological and nutritional properties of
plants used for the tea preparation is needed to warrant their
safe and appropriate use, especially for those teas consumed
regularly.
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