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Thymus L. is one of the most important and polymorphic genera in the Lamiaceae family, comprising approxi-
mately 350 species distributed across Europe, Asia, North and East Africa, and southern Greenland, with the majority
found in the Mediterranean region. Thymus plants and their essential oils are well-regarded in traditional medicine and
culinary practices in Southeastern Europe. The essential oils of Thymus species exhibit high chemical variability due to
various intrinsic and extrinsic factors, including genetic variations and environmental influences. Despite broad scien-
tific interest in the taxonomy, chemotypes, and biological activities of its secondary metabolites, there is limited infor-
mation available about this genus in Southeastern Europe. The aim of this review is to present the essential oil composi-
tion of versatile Thymus species from Southeastern Europe and to compile knowledge on the occurrence, essential oil
composition, and biological activities of Thymus species in this region (including Croatia, Bosnia and Herzegovina,
Serbia, Montenegro, Bulgaria, Romania, Kosovo, Albania, North Macedonia, Hungary, Moldova, Turkey, and Greece).
This is crucial for enhancing our understanding of their chemotaxonomy. In this context, this review seeks to provide an
in-depth insight into the chemotype variations present among 263 different Thymus samples from Southeastern Europe,
highlighting their major essential oil constituents and paving the way for further investigation into the biological proper-

ties of Thymus L. and its essential oils.
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INTRODUCTION

Thyme (Thymus) is a genus within the Lami-
aceae family, comprising roughly 350 species of
fragrant perennial herbaceous plants and sub-
shrubs native to Europe, North Africa, and Asia,
with a significant presence in Southeastern Europe
[1]. According to Karl Ronniger, 417 specific
names for these species are valid, while Jalas esti-
mates there are 150 species [1, 2]. Approximately
110 species thrive in the Mediterranean region and
are widespread. Some species have evergreen
leaves that are grouped in opposing pairs, are tiny,
oval, whole, and often scented, with stems that are
slender or even wiry. Thyme flowers appear in
dense terminal heads with an irregular calyx and
three lobes on the top lip that can be yellow, white,
or purple [1].

The Balkan Peninsula boasts a wealth of
Thymus plant habitats. In Serbia, 31 Thymus spe-
cies with over 60 varieties are recorded, thriving
mainly in meadows, pastures, and dry, sunny,
rocky areas on both limestone and serpentine [3].
Bosnia and Herzegovina also feature several Thy-
mus species [4], including the endemic T. jankae
and T. brateoscus [5]. The entire T. teucrioides
section is unique to the Balkan Peninsula, with
prominent species such as T. teucrioides, T.
hartvigii, and T. leucospermus [6]. Additionally,
several species from the Hyphodromi section, in-
cluding T. atticus, T. dolopicus, T. leucotrichus, T.
parnassicus, and T. striatus, are widespread in this
region. Bulgarian flora includes 21 species from
the Hyphodromi and Serpyllum sections, six of
which are endemic to the Balkan Peninsula [7, 8].


mailto:gstefkov@yahoo.com

2 Gj. Stefkov, S. Kulevanova

This genus presents significant complexity
in taxonomy and systematics, exhibiting notable
polymorphism in both morphological traits and
essential oil composition [9]. Chemotypes may
also vary across several species. Thymus plants and
their essential oils are well-regarded in traditional
medicine and culinary practices, often used to treat
respiratory conditions, including infections, through
various forms such as tinctures, tisanes, salves,
syrups, or steam inhalation [10]. They offer a
broad range of pharmacological properties, includ-
ing antimicrobial, gastrointestinal, and nervous
system benefits, as well as anti-inflammatory, anti-
oxidative, spasmolytic, secretolytic, and tonifying
effects. Most of these pharmacological effects are
attributed to the highly complex composition of the
essential oil [10].

Thymus species are distinguished by their
essential oils, which are complex mixtures of mon-
oterpenes, sesquiterpenes, and other volatile com-
pounds. The primary components of Thymus es-
sential oils are monoterpenes, especially aromatic
and oxygenated monoterpenes [1]. Major constitu-
ents—thymol, carvacrol, linalool, and geraniol—
vary considerably between species and within spe-
cies across different geographical regions. The
value of thyme oil is largely influenced by its phe-
nol content, particularly thymol, making it essen-
tial to measure these components accurately, as
thymol extraction is relatively common. The essen-
tial oil of common thyme (T. vulgaris) contains
20-55 % thymol. Thymol, known for its antiseptic
properties, is the active ingredient in many well-
known mouthwashes and was historically used to
treat bandages before the development of modern
antibiotics [10].

It is well known that secondary metabolites
are not directly involved in plant growth and de-
velopment but serve as attractants, repellents, tox-
ins, and antibiotics, or as precursors to such bioac-
tive compounds [11]. The concept of secondary
metabolism, which differentiates these processes
from primary metabolism, emerged in the late 19"
century [12]. Terpenoid emissions facilitate plant
communication, playing crucial roles in interac-
tions with insects, pathogens, and other plants [13,
14]. They attract pollinators and predators of her-
bivores, protect against photooxidative stress, me-
diate thermotolerance, and provide direct defense
against microbes and insects [15, 16]. The poly-
phenolic pattern has been found to be a useful ad-
ditional chemotaxonomic tool for classification
purposes and determining the locality of origin.
Within the genus Thymus, the influence of envi-
ronmental conditions on the pattern of essential oil

components and flavonoids has been investigated
[17-29]. Abiotic environmental factors (tempera-
ture, moisture, soil and climatic conditions, eleva-
tion, etc.), as well as biotic effects (human disturb-
ance, herbivores, etc.), have been shown to influ-
ence both the essential oil and polyphenol produc-
tion of Thymus species and the chemical composi-
tion of coenopopulations over time [18, 30, 31]. It
has been established that phenolic essential oil
compounds (thymol, carvacrol) and polyphenols
(e.g., flavonoids) are favored in warmer and drier
climatic zones, while other non-phenolic substanc-
es typically accumulate in higher quantities in
cooler and more humid areas.

Chemotaxonomy can provide valuable in-
sights into the diversity and evolutionary relation-
ships within the genus Thymus in Southeastern Eu-
rope. This study investigates the essential oil com-
position of various Thymus species, aiming to con-
tribute to the elucidation of their taxonomic status
and phylogenetic relationships.

Essential oils constituents of Thymus species
from Southeastern Europe

The essential oils of Thymus species exhibit
high chemical variability due to various intrinsic
(genetic variation) and extrinsic (ecological and
environmental) factors [32]. Additionally, the
chemical composition of these essential oils de-
pends on several parameters, including the season
in which the aromatic plants are collected, the de-
hydration procedure, the storage conditions prior to
essential oil extraction, the method used for essen-
tial oil isolation, and the analysis conditions [33].

Table 1 compiles literature data on the es-
sential oil composition of Thymus species from
Southeastern Europe, covering the following coun-
tries: Croatia, Bosnia and Herzegovina, Serbia,
Montenegro, Bulgaria, Romania, Kosovo, Albania,
North Macedonia, and Greece. Among all recorded
Thymus species, the most abundant chemotypes are
the aromatic thymol, carvacrol, and p-cymene
types, followed by linalool and geraniol chemo-
types (Figure 1). The highest levels of thymol
(92.0%) and carvacrol (93.4 %) are found in T.
leucospermus from Greece [34]. The second most
abundant constituents in essential oils from phenol-
ic chemotypes are p-cymene and y-terpinene, re-
flecting the fact that these monoterpenes, both ar-
omatic and non-aromatic, are linked through their
biosynthetic pathways [32]. Notably, p-cymene
chemotypes vary significantly between species: T.
teucrioides spp. alpinus and T. teucrioides spp.
teucrioides are rich in borneol, whereas T. teucri-
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oides spp. candilicus has y-terpinene as its second
most abundant constituent [35].

Thymus species rich in linalool and geraniol
are found in the southern part of the Balkan Penin-
sula, primarily in Macedonia, where eight popula-
tions belong to T. jankae [25, 36]. Additionally,
species such as T. hartvigii ssp. macrocalyx from
Greece have the highest linalool content (89.2 %)
[35]. Geraniol chemotypes are distributed across
the Balkan Peninsula, though their geraniol content
is generally low compared to other Thymus chemo-
types [32]. The highest geraniol levels have been
recorded in Greek T. longicaulis (56.8 %) [37] and
Romanian T. glabrescens (55.5 %) [38].

In Albania, T. capitatus was identified as a
carvacrol chemotype, with carvacrol content rang-
ing from 57.8 % to 78.0 %, and p-cymene and y-
terpinene as minor constituents [39]. T. vulgaris
samples were found to be of the thymol chemo-
type, with thymol content ranging from 32.3 % to
53.0 %, and p-cymene and y-terpinene as minor
constituents [40]. In another study, samples of T.
vulgaris, T. capitatus, and T. serpyllum from vari-
ous areas of Southeastern Albania (Pogradec, Kor-
ca, Librazhd, and Kolonja) showed p-cymene, vy-
terpinene, thymol, and carvacrol as main constitu-
ents. P-Cymene was the predominant constituent
in T. vulgaris. Carvacrol was found in higher per-
centages in T. capitatus (29.1 %) and T. serpyllum,
while thymol was more abundant in T. vulgaris
and T. serpyllum. The combined content of thymol
and carvacrol was highest in T. serpyllum.

In all analyzed essential oils from Thymus
samples in Albania, p-cymene, y-terpinene, thy-
mol, and carvacrol were identified as primary con-
stituents. P-Cymene (40.1 %) was the main con-
stituent in T. vulgaris samples. Carvacrol was found
in higher percentages in T. capitatus (29.2 %) and
T. serpyllum (18.4 %). Thymol was more prevalent
in T. vulgaris (28.2 %) and T. serpyllum (17.1 %).
The total content of thymol and carvacrol was
highest in T. serpyllum samples (45.3 %) [1].

Analysis of the essential oil composition
from T. sibthorpii Bentham collected in northern
Greece and T. striatus Vahl. collected in southern
Albania revealed a-terpinyl acetate (68.9 %), a-
terpineol (11.0 %), and thymol (7.9 %) as the ma-
jor compounds in T. sibthorpii, while thymol (53.6
%), p-cymene (18.6 %), and y-terpinene (9.4 %)
were the major compounds in T. striatus [41].

Thymus holosericeus Celak. is a taxonomi-
cally isolated and endangered local endemic thyme
species, geographically limited to four lonian Is-
lands in western Greece. The essential oil composi-

tion of this species is dominated by linalool, car-
vacrol, geraniol, thymol, and p-cymene [42].

Kakouri et al. investigated the phytochemi-
cal composition of volatile compounds in five
Thymus species (T. parnassicus, T. leucotrichus, T.
atticus, T. holosericeus, T. laconicus), native to
Greece. These species were found to be rich in
varying levels of a-cadinol, B-caryophyllene, ele-
mol, eudesmol, B-bisabolene, linalool, geraniol,
carvacrol, and p-cymene [43].

T. sibthorpii and T. striatus differed in essen-
tial oil yield—approximately 1.33 % and 2.12 %,
respectively. The essential oil of T. sibthorpii was
mainly composed of esters, with a-terpinyl acetate
(68.9 %) being the dominant compound. The frac-
tion of oxygenated monoterpenes was 24.4 %, with
the main components being a-terpineol (11.0 %) and
thymol (7.9 %). The fractions of monoterpene hy-
drocarbons and sesquiterpene components were
very low. Previous studies show that T. sibthorpii
Benth., growing wild in northern Greece, appears
to occur in two chemotypes: one geraniol-thymol-
p-cymene type and one geraniol-linalool-citro-
nellyl acetate type [44], while the essential oil from
Turkey was found to be rich in thymol (34.8 %)
[45]. Comparative analyses of the winter and
summer leaf essential oils of T. sibthorpii from
northern Greece revealed that the winter leaves
have a higher essential oil yield (1.20 %, i.e., 1.20
ml/100 g leaf, dry weight) compared to the sum-
mer leaves (1.11 %). The principal components of
both types of oils were p-cymene, linalool, borne-
ol, terpinen-4-ol, thymol, and p-caryophyllene,
with linalool (42.4 %) being the dominant com-
pound in winter leaves and p-cymene (25.0 %) be-
ing the dominant compound in summer leaves,
followed by linalool (19.1 %) [46]. It can be sug-
gested that different chemotypes exist in these spe-
cies, and results indicate the presence of a new
chemotype in northern Greece: a-terpinyl acetate -
a-terpineol. Finally, the essential oil of T. striatus
was mainly composed of monoterpene oxygenated
compounds, with thymol (53.6 %) being the domi-
nant compound [41].

A study from Turkey analyzed essential oils
from 91 samples representing 34 out of 64 Thymus
taxa found in Turkey. According to Stahl-Biskup's
classification of Thymus oils into three terpene
groups [47], the majority of the analyzed species
belong to the terpene group in which the following
terpenes are found in notably high concentrations:
thymol, carvacrol, linalool, linalyl acetate, borneol,
p-cymene, 1,8-cineole, y-terpinene, and camphor.
In fact, thymol is the main compound in most
Thymus species growing in Turkey. Among them,
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20 species (59 %) have thymol content below the
accepted limits. Two varieties of T. longicaulis
subsp. chaubardii are the richest in thymol: var.
alterrantus (70.0 %) and var. chaubardii (67.0 %).
The highest carvacrol content was found in the oil
of T. eigii (65.0 %).

The second group consists of species with
high concentrations of geranyl acetate, a-terpineol,
a-terpinyl acetate, dihydrocarvone, citronellol,
geranyl butyrate, hedicaryol, and carvone [47]. In
this group, a-terpineol and o-terpinyl acetate are
the main components of the essential oil from T.
praecox ssp. skorpilli var. skorpilli. o-Terpinyl
acetate is the main compound in the oil of T. longi-
caulis ssp. longicaulis var. longicaulis.

The third group is highly diverse and consists
of minor components of Thymus essential oils, such
as terpinen-4-ol, p-caryophyllene, geraniol, bornyl
acetate, trans-sabinene hydrate, a-humulene, caryo-
phyllene epoxide, B-bisabolene, 1-octen-3-ol, neryl
acetate, nerolidol, carvacrol methyl ester, thymol me-
thyl ester, germacrene D, and B-terpineol. Although
these components are regarded as minor, geraniol
was found to be the major compound in the oils of T.
longicaulis ssp. longicaulis var. longicaulis and T.
thracicus var. longidens, while p-caryophyllene and
terpinen-4-ol were the major components in the oil of
T. striatus var. interruptus [2].

A study of the essential oil composition of
five Thymus species, belonging to Sect. Hypho-
dromi (A. Kerner) Halacsy — T. atticus Celak., T.
leucotrichus Halécsy, T. striatus Vahl, T. zygioides
Griseb., and T. perinicus (Velen.) Jalas from Bul-
garia, revealed high amounts of sesquiterpenoids
(57.7 %, 78.9 %, and 79.7 %, respectively), with -
caryophyllene and caryophyllene oxide as the main
constituents in T. atticus, T. leucotrichus, and T.
striatus. Aromatic compounds (61.2 %) were the
most abundant group in T. zygioides essential oil,
with thymol (51.2 %) as the principal component.
The essential oil from the endemic species T.
perinicus contained almost equal amounts of mon-
oterpenoids (37.8 %) and aromatic compounds
(36.0 %), with borneol (17.9 %) and thymol (20.9
%) as the major components. The obtained results
revealed the existence of new chemotypes of T.
atticus (caryophyllene oxide/-caryophyllene), T.
leucotrichus (B-caryophyllene/elemol/germacrene
D), and T. striatus (B-caryophyllene/germacrene
D/caryophyllene oxide). The essential oil content
of the endemic T. perinicus is reported for the first
time [48].

In a recent study, the analysis of the essen-
tial oils of 10 Thymus species (T. moesiacus, T.
jankae, T. vandasii, T. longicaulis, T. sibthorpii, T.

pulegioides, T. glabrescens, T. callieri, T. panno-
nicus, T. thracicus), belonging to Sect. Serpyllum,
led to the identification of 118 compounds, with
dominant linalool, terpinyl acetate, thymol, car-
vacrol, germacrene D, and B-myrcene [49]. On the
other hand, in the essential oil composition of the
Balkan endemic Thymus longedentatus (Degen &
Urum.) Ronniger, citral isomers, neral and gerani-
al, were the principal ones [50].

The studies on the essential oil composition
of T. atticus from Turkey and Greece revealed the
existence of five chemotypes: thymol/p-cymene,
terpinen-4-ol/caryophyllene oxide [2], E-nerolidol/
caryophyllene/germacrene D/myrcene [51], 1,8-ci-
neole/myrcene/caryophyllene, and camphene/ca-
ryophyllene oxide/a-pinene [51]. There is only one
report on the essential oil content of T. leucotrich-
us from two Greek populations so far [52]. B-
Caryophyllene was the principal component in
both populations, while the other two main com-
pounds were different: 1,8-cineole/borneol and
linalool/a-phellandrene.

The investigations on the volatile constitu-
ents of T. striatus and its varieties from the Balkan
region (Turkey, Greece, Croatia, and Bosnia and
Herzegovina) have shown a high level of polymor-
phism with 7 chemotypes: thymol; thymol/1,8-ci-
neole/p-cymene; thymol/B-caryophyllene; -caryo-
phyllene; terpinen-4-ol; y-terpinene; 6a-hydroxy-
germacra-1(10),4-diene; B-cubebene/B-caryophyl-
lene; and caryophyllene oxide/a-elemol/a-cadinol
[2, 45, 53-55]. Additionally, Kulevanova et al.
[21] reported another chemotype from T. pseudoat-
ticus (syn. of T. striatus) — borneol/caryophyllene/
B-cubebene. Similarly, collections of T. zygioides
var. lycaonicus from different localities in Turkey
[2, 56] and Greece [57] displayed significant vari-
ability in the essential oil composition, resulting in
7 different chemotypes: geraniol; carvacrol; o-
terpinyl acetate; thymol; thymol/geraniol; limo-
nene/cis-linalool oxide; and p-cymene/thymol/y-
terpinene. Analysis of the essential oil of T. zygi-
oides var. lycaonicus revealed an abundance of p-
cymene (19.4 %), thymol (19.5 %), and -
terpinene (17.2 %), three terpenes closely connect-
ed by biogenetic processes, with p-cymene and y-
terpinene serving as precursors of thymol in the
biochemical pathway [57]. Furthermore, analysis
of the essential oil of T. zygioides var. lycaonicus
growing wild in Turkey revealed that it contains
mainly monoterpenes and oxygenated monoterpe-
noids, with limonene (24.11 %) and cis-linalool ox-
ide (22.91 %) as major constituents, and eucalyptol
(8.65 %), 3-octanol (7.04 %), nerol (4.47 %), gera-
nyl acetate (3.19 %), carvacrol (2.74 %), linalyl
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propanoate (2.95 %), and sabinene (2.23 %) as mi-
nor constituents. Thus, the essential oil of T. zygi-
oides from Turkey belonged to the limonene and
cis-linalool oxide-rich type [56].

In a Moldavian study, essential oils of five
Moldavian Thymus species (T. vulgaris, T. x citri-
odorus, T. calcareus) and cultivars (T. vulgaris
‘Faustini’, T. citriodorus ‘Aureus’) were examined.
The main compounds were: thymol in T. vulgaris
and T. calcareus (55.44 % and 55.45 %, respective-
ly), lavandulol in T. x citriodorus (54.27 %), and
geraniol in T. citriodorus ‘Aureus’ and T. vulgaris
‘Faustini’ (60.31 % and 31.45 %, respectively) [58].

Numerous studies have been conducted on
Thymus species in North Macedonia, their second-
ary metabolites, and especially essential oil yield,

composition, and variability. The essential oil of
several taxa of the genus Thymus L. (T. tosevii Ve-
len. ssp. tosevii — var. tosevii, var. degenii and var.
longifrons, and T. tosevii Velen. ssp. substriatus, T.
alsarensis, T. macedonicus, T. moesiacus, T. jankae
— var. jankae, var. pantotrichus and var. patentipi-
lus, T. longidens Velen. var. lanicaulis Ronn., and
var. dassareticus Ronn., T. rohlenae, T. balcanus, T.
albanus, T. ciliatopubescens, T. pseudoatticus) from
North Macedonia and the environmental influences
were studied. In most of the samples, thymol, car-
vacrol, linalool, o-terpineol, terpinyl acetate, p-
cymene, and y-terpinene were found to be the preva-
lent components. In the remaining samples, gerani-
ol, linalool, and sabinene hydrate were present in
higher amounts [19-29, 59].

20 1 Monoterpene hydrocarbons 4

Oxygenated sesquiterpenes 6
15 4 .

Sesquiterpene hydrocarbons 8
Aromatic monoterpenes 40

10

Oxygenated monoterpenes 45

5 4

OH
OH
CH

p-Cymene Thymol

\ o, \
H3C OH

Linalool Geraniol

Figure 1. The most abundant essential oil constituents of genus Thymus from Southeastern Europe (modified from [32])
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y-Terpinene, thymol, -caryophyllene, gera-
niol, and linalyl acetate were found to be the most
abundant components in the essential oil of T. gla-
brescens Willd., T. praecox Opiz subsp. jankae
(Celak) Jalas (from two localities), and T. pulegi-
oides from Serbia [60].

Sesquiterpenes are generally present in very
low quantities in Thymus species [32], but several
sesquiterpenoid chemotypes are found in Southeast-
ern Europe. B-Caryophyllene, germacrene D, and
caryophyllene oxide chemotypes are present in the
southern parts with a Mediterranean climate, as well
as T. comosus in Romania, which contains 54.8 %
caryophyllene oxide as a major constituent [38].

In terms of Thymus essential oil composi-
tion, widespread chemical polymorphism, not lim-
ited only to comosus constituents, is evident (Table
1). Some species occur with only a few chemo-
types, such as T. pulegoides, T. vulgaris, and T.
mastichina, while others have more, or even an
uncertain number of chemotypes [32]. According
to the presented results, T. tosevii has the highest
polymorphism, with 12 different chemotypes, fol-
lowed by T. longicaulis, T. glabrescens, and T.
moesiacus, with eight, six, and six chemotypes,
respectively. The differences in chemical composi-
tion may be due to different geographical origins,
but also to various environmental factors, different

chemotypes, and the nutritional status of the plants
[56].

The variability in essential oil composition
among Thymus species has significant ecological
and evolutionary implications. The presence of
specific chemotypes in certain regions suggests
adaptive strategies to local environmental condi-
tions, such as climate, soil type, and biotic interac-
tions.

Multivariate analysis in chemotaxonomy

The major components of the essential oils
were used to determine the chemical relationships
between 263 different Thymus spp. essential oil
samples through multivariate statistical techniques,
including Principal Component Analysis (PCA),
Hierarchical Cluster Analysis (HCA), and Partial
Least Squares Discriminant Analysis (PLS-DA),
using SIMCA v14.1 (Umetrics, Sweden). This ap-
proach allowed for the identification of patterns
within the Thymus genus in Southeastern Europe.
PCA was employed to reduce the data's dimen-
sionality, highlighting the main sources of varia-
tion in essential oil composition. Cluster Analysis
was used to group Thymus species based on their
chemical profiles, providing insights into their tax-
onomic relationships.

Table 1. Essential oils’ main components of Thymus taxa from Southeastern Europe and hierarchical cluster analysis
(HCA) groups’ assemblage

Code Thymus taxa Country Main compound  Component 2 Component 3 gﬂg:lﬁ) Ref.
T1  T.citriodorus Moldavia Lavandulol Geranial Neral 3
itri 58
T2 T CItI’IOdf)I’US Moldavia Geraniol Neral p-Cymene 4 [58]
‘Aureus
T3 T. marschallianus Eosnla an_d Thymol p-Cymene Carvacrol 6 [53]
erzegovina
T. teucrioides ;
T4 ssp. candilicus Greece p-Cymene y-Terpinene Thymol 7
T5 T. teucrlo.lc.jes Greece p-Cymene y-Terpinene Borneol 7
ssp. candilicus
T. teucrioides .
T6 ssp. candilicus Greece p-Cymene y-Terpinene Thymol 7
T7 T. teucrlo_lt_ies Greece p-Cymene y-Terpinene Borneol 7
ssp. candilicus
T. teucrioides ;
T8 ssp. candilicus Greece p-Cymene Thymol y-Terpinene 7 5
T9 T. teucrlo_lqles Greece p-Cymene Borneol Ca_ryophyllene 7
ssp. candilicus oxide
T. teucrioides ;
T10 ssp. candilicus Greece Thymol p-Cymene y-Terpinene 6
T. teucrioides B-
i1 ssp. teucrioides Greece p-Cymene Borneol Caryophyllene !
T. teucrioides - Carvacrol me-
T12 ssp. teucrioides Greece p-Cymene Linalool thyl ether 7
T13 T. teUCI’IO_Id_eS Greece p-Cymene Borneol Ca_ryophyllene 7
ssp. teucrioides oxide
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Table 1 continuous
T14 T. teucr|0_|d_es Greece p-Cymene Borneol Ca_ryophyllene 7 [35]
ssp. teucrioides oxide
T15 T. tosevii . Macedonia Thymol Carvacrol Linalool 7
ssp. substriatus
T. tosevii . . .
T16 ssp. substriatus Macedonia Thymol Linalool y-Terpinene 6 [36]
T17 T. tosevii - Macedonia Thymol Linalool p-Cymene 7
ssp. substriatus
T18  T. tosevii ssp. tosevii Macedonia Carvacrol Thymol Terpinyl acetate 7 [61]
T19  T.tosevii ssp. tosevii Macedonia Carvacrol p-Cymene Linalool 7
T20  T. tosevii ssp. tosevii Macedonia Carvacrol Linalool Geraniol 7 [36]
T21  T.tosevii ssp. tosevii Macedonia Geraniol Terpinyl acetate S?abt:anene hy- 4
T22  T.tosevii ssp. tosevii Macedonia Geraniol Thymol Gerany| acetate 4
T23  T. tosevii ssp. tosevii Macedonia Linalool Terpinyl acetate Geraniol 3
T24  T.tosevii ssp. tosevii Macedonia Thymol Linalool y-Terpinene 6
T25  T. tosevii ssp. tosevii Macedonia Thymol Linalool p-Cymene 7 [61]
T26  T.tosevii ssp. tosevii Macedonia Thymol Carvacrol p-Cymene 7
T27  T.tosevii ssp. tosevii Macedonia gt'léerpmyl ace- Thymol Linalool 4
T28  T. tosevii ssp. tosevii Macedonia ;xa-t'l(;erpmyl ace- Linalool Carvacrol 4
T29  T.transcaucasicus Turkey Germacrene D -Caryophyllene ND [2]
T. zygioides i : .
T30 var. lycaonicus Greece p-Cymene Thymol y-Terpinene 7 [51]
T. zygioides i : .
T31 var. lycaonicus Greece Thymol p-Cymene y-Terpinene 6 [57]
T32 T. zyg|0|de§ Turkey Thymol p-Cymene pB-Bisabolene 6
var. lycaonicus
T33 |- 2ygioides Turkey Thymol ND ND 7
var. lycaonicus 2]
T34 T. zyg|0|de§ Turkey Carvacrol ND ND 7
var. lycaonicus
T35 |- Zygioides Turkey Geraniol ND ND 4
var. lycaonicus
T36 T. albanus Macedonia (E)-Nerolidol B-Caryophyllene Geraniol 5
ssp. albanus 23]
T. albanus . . Geranyl
T37 ssp. albanus Macedonia (E)-Nerolidol B-Caryophyllene acetate 5
T38 T.alsarensis Macedonia Carvacrol Thymol p-Cymene 7 [24]
T39 T.alsarensis Macedonia Linalool Carvacrol Thymol 3 [36]
T40 T.argaeus Turkey Linalyl acetate Linalool ND 4 2]
T41  T. atticus Greece (E)-Nerolidol B-Caryophyllene Germacrene D 5
T42  T. atticus Greece 1,8-Cineole Myrcene Caryophyllene 4 [51]
T43  T.atticus Greece Camphene a-Pinene c():;ir()j/:phyllene 7
T44  T. atticus Turkey Ca_ryophyllene Terpinen-4-ol ND 7
oxide [2]
T45  T. atticus Turkey Thymol p-Cymene ND 6
T46  T. atticus Bulgaria OC;irg;)phyllene B-Caryophyllene Germacrene D 7 [48]
Bosnia and Thymol methyl
T47  T. aureopunctatus Herzegovina Thymol ether p-Cymene 7 [62]
T48  T. balcanus Eosma an_d Linalyl acetate Linalool a-Terpineol 4 [63]
erzegovina
T49  T. balcanus Macedonia B-Caryophyllene B-Pinene Linalool [21]
T50  T. balcanus Romania a-Terpineol Linalool Linalyl acetate [64]
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Table 1 continuous

T51  T. balcanus Romania Germacrene D B-Caryophyllene Thymol 5

T52  T. balcanus Romania Thymol Linalool Germacrene D 7

T53  T. balcanus Romania Thymol Linalool Linalyl acetate 7

T54  T. balcanus Romania Thymol Carvacrol ?:-aryophyllene 7 [65]
T55  T. balcanus Romania Thymol Linalool Linalyl 7

acetate

T56  T. balcanus Romania Thymol Linalyl acetate Linalool 7

T57  T. balcanus Romania Thymol Linalool Estragol 7

T58  T.bornmuelleri Turkey Thymol p-Cymene ND 6 [2]
T59  T. bracteosus Croatia -Caryophyllene Germacrene D g:;iré/:phyllene 2 [66]
T60  T. bracteosus Croatia Germacrene D B-Caryophyllene Myrcene 5 [67]
T61  T. bracteosus Croatia Germacrene D B-Caryophyllene 1,8-Cineole 5 [66]
T62  T.bracteosus Montenegro Germacrene D B-Caryophyllene p-Cymene 5 [68]
T63 T.calcareus Moldavia Thymol y-Terpinene 0-Cymene 7 [58]
T64  T.capitatus Albania Carvacrol p-Cymene y-Terpinene 6

T65  T. capitatus Albania Carvacrol p-Cymene y-Terpinene 6 [39]
T66  T.capitatus Albania Carvacrol p-Cymene y-Terpinene 6

T67  T.capitatus Albania Carvacrol p-Cymene y-Terpinene 6

T68  T. capitatus Albania Carvacrol p-Cymene Linalool 7 [69]
T69  T. capitatus Croatia Carvacrol 1,8-Cineole Limonene 7 [70]
T70 T. capitatus Greece Carvacrol p-Cymene y-Terpinene 6 [71]
T71  T.capitatus Greece Carvacrol Thymol Borneol 7 [72]
T72  T.cariensis Turkey Borneol 1,8-Cineole a-Pinene 7 [2]
T73  T. ciliatopubescens Macedonia 1,8-Cineole a-Pinene Camphene 4 [21]
T74  T.cillicus Turkey a-Pinene 1,8-Cineole ND 7 [2]
T75  T.comosus Romania OC)?irélg)phyllene Camphene B-Bourbene 1 [38]
T76  T.comosus Romania Neryl acetate Carvacrol Thymol 7 [64]
T77  T.comptus Turkey Thymol ND ND 7 2]
T78 T.dacicus Romania Carvacrol Thymol Nerol 4 [64]
T79  T.eigii Turkey Carvacrol ND ND 7 2]
T80  T.glabrescens Croatia 1,8-Cineole Myrcene Camphene 4 [70]
T81  T.glabrescens nggeizzg\r/]i?]a gt'l(;erpinyl ace- Terpinen-4-ol ND 4 [53]
T82  T.glabrescens Serbia y-Terpinene Thymol p-Cymene 4 [73]
T83  T.glabrescens Serbia y-Terpinene Thymol p-Cymene 4 [74]
T84  T.glabrescens Serbia y-Terpinene Thymol p-Cymene 4 [73]
T85  T.glabrescens Romania Farnesol (E)-Nerolidol Terpinen-4-ol 3 [75]
T86  T.glabrescens Romania Geraniol Neryl acetate C-aryophyllene 4 [38]
T87  T.glabrescens Serbia Geraniol Gerany!| acetate Linalool 4 [76]
T88  T.glabrescens Serbia Thymol y-Terpinene p-Cymene 7 [74]
T89  T.glabrescens Serbia Thymol p-Cymene y-Terpinene 6 [74]
T90  T.glabrescens Serbia Thymol y-Terpinene p-Cymene 7 [73]
T91  T.glabrescens Serbia Thymol p-Cymene y-Terpinene 6 [74]
T92  T.glabrescens Serbia Thymol y-Terpinene p-Cymene 7 [77]
T93  T.glabrescens Croatia Thymol acetate Carvacrol p-Cymene 7 [70]
T94 T. hartvigii Greece Thymol p-Cymene y-Terpinene 6 [35]

ssp. hartvigii
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Table 1 continuous
T. hartvigii ssp. . i I
T95 macrocalyx Greece Linalool B-Caryophyllene f-Bisabolene 7 [35]
T96  T. haussknechtii Turkey Linalool OC;iré/:phyllene Borneol 3 [2]
T97  T. jankae ssp. jankae Macedonia Linalool Geranial o-Terpinyl 3
acetate [25,36]
T98 T. jankae var. jankae Macedonia Linalool Geranial p- 3
Caryophyllene
T99 T. jankae - Macedonia Linalool Geranial B-Pinene 3
var. pantotrichus [25]
T100 T. jankae . Macedonia Linalool Geranial B-Pinene 3
var. pantotrichus
T101 T. jankae - Macedonia Linalool Geranial B-Pinene 3 [25,36]
var. patentipilus
: Bosnia and . ; p-
T102 T.jankae Herzegovina Linalool (E)-Nerolidol Caryophyllene 3 [63]
T103 T.jankae Eosma an_d p-Cymene Carvacrol Geraniol 7 [53]
erzegovina
T104 T.jankae Kosovo B-Caryophyllene a-Pinene a-Humulene 2 Hatipi
Ibrahimi
etal.
T105 T.jankae Kosovo Thymol a-Terpinene Borneol 6 (un-
published
results)
T106 T. kotschyanus Turkey Thymol Carvacrol Borneol 7
var. argillaceus
T107 T kots_chyanus Turkey Carvacrol Thymol p-Cymene 7
var. eriophorus
T108 |- kotschyanus Turkey Carvacrol ND ND 7 2]
var. glabrescens
T. kotschyanus
T109 var. kotschyanus Turkey Carvacrol ND ND 7
T110 T. kotschyanus Turkey Carvacrol p-Cymene Thymol 7
var. leucostomus
T111 T. leucospermus Greece Carvacrol Thymol Carvacrol 7 [34]
acetate
T112 T. leucospermus Greece p-Cymene Thymol y-Terpinene 7
T113  T. leucospermus Greece p-Cymene y-Terpinene Thymol 7 [35]
T114 T. leucospermus Greece p-Cymene y-Terpinene Thymol 7
T115 T. leucospermus Greece Thymol p-Cymene y-Terpinene 6
T116 T. leucospermus Greece Thymol Carvacrol Thymol acetate 6
T117  T. leucospermus Greece Thymol y-Terpinene p-Cymene 7 [34]
T118 T. leucospermus Greece Thymol Carvacrol y-Terpinene 6
T119 T. leucospermus Greece Thymol Carvacrol Thymol acetate 6
T120 T. leucotrichus Bulgaria B-Caryophyllene Germacrene D Elemol 2 [48]
T121 T. longicaulis Croatia Thymol y-Terpinene ;?%TOI methyl 7 [78]
T122  T. longicaulis Croatia Thymol p-Cymene Carvacrol 6 [70]
T123 T. longicaulis Greece Carvacrol p-Cymene y-Terpinene 6 [79]
T124  T. longicaulis Greece Geraniol Thymol Carvacrol 4
T125 T. longicaulis Greece Geraniol Geranyl acetate Nerol 4
T126 T. longicaulis Greece Linalool a-Terpinyl acetate a-Terpineol 3 [51]
T127 T. longicaulis Greece Thymol Limonene Borneol 6
T128 T. longicaulis Kosovo a-Phellandrene Linalool B- 4
Caryophyllene
T129 T. longicaulis Kosovo a-Terpineol a-Terpinyl acetate Linalool 3 [80]
T130 T. longicaulis Kosovo Thymol Carvacrol a-Terpinyl acetate 7
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Table 1 continuous

T131 T. longicaulis Serbia o-Terpinyl Thymol Linalool 4 [81]
acetate
T. longicaulis
T132  ssp. chaubardii Turkey Thymol ND ND 7
var. alternatus
T. longicaulis
T133  ssp. chaubardii Turkey Thymol ND ND 7
var. chaubardii
T. longicaulis
T134  ssp. chaubardii Turkey Carvacrol Thymol ND 7
var. chaubardii
T. longicaulis
T135  ssp. chaubardii Turkey Linalool Carvacrol Thymol 3
var. chaubardii
T. longicaulis a-Terinvl ace-
T136  ssp. longicaulis Turkey tate piny ND ND 4 [2]
var. longicaulis
T. longicaulis
T137  ssp. longicaulis Turkey Geraniol Gerany| acetate ND 4
var. longicaulis
T. longicaulis
T138  ssp. longicaulis Turkey Thymol p-Cymene ND 6
var. longicaulis
T. longicaulis
T139  ssp. longicaulis Turkey Thymol Carvacrol y-Terpinene 6
var. subisophyllus
T. longicaulis
T140  ssp. longicaulis Turkey Linalyl acetate Linalool ND 4
var. subisophyllus
T141 T Iongl'dens' Macedonia Thymol Geraniol Carvacrol 7
var. lanicaulis
T. longidens [22,36]
Ti42 - 1ON9IIeNS. Macedonia Geraniol Linalool Carvacrol 4
var. lanicaulis
T143 T. Iongld_ensvar. Macedonia Linalool Geraniol Citral 3
dassareticus
T. macedonicus - . . .
T144 spp. Macedonicus Macedonia Linalool a-Terpinyl acetate Geraniol 3
T145 T. macedonlcgs Macedonia Linalool Carvacrol Geranial 3
spp. macedonicus
T146 |- Mmacedonicus Macedonia a-Terpinyl ace- a-Terpineol Linalool 4
spp. macedonicus tate
T. macedonicus - a-Terpinyl ace- - .
T147 spp. macedonicus Macedonia tate Linalool a-Terpineol 4 [19,20]
T14g | Mmacedonicus Macedonia o-Terpinyl ace- Linalool a-Terpineol 4
spp. macedonicus tate
T149 T macedonlcgs Macedonia Geraniol Linalool ND 4
spp. macedonicus
T. macedonicus - - . .
T150 spp. macedonicus Macedonia Geraniol a-Terpineol Linalool 4
T151 T. macedonlcgs Macedonia Geraniol Geranyl acetate Linalool 4
spp. macedonicus
T152 T. moesiacus Bosnia an_d y-Murolene Thymol Borneol 7
Herzegovina
. Bosnia and : :
T153 T. moesiacus Herzegovina Thymol Linalool Terpinen-4-ol 4 [82]
T154 T. moesiacus Bosnia and o-Terpinyl ace- a-pinene Geraniol 4
Herzegovina tate
T155 T. moesiacus Bulgaria Linalyl acetate epi-a-cadinol Linalool 4 [82]
T156 T. moesiacus Macedonia Geraniol Gerany| acetate Carvacrol 4
T157 T. moesiacus Macedonia Geraniol Gerany| acetate Carvacrol 4 [36]
T158 T. moesiacus Macedonia Linalool Geraniol Carvacrol 3
T159 T. pannonicus Serbia a-Pinene (E)-B-Ocimene Limonene 3 [83]

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 44 (1-2), xx—xx (2023)



Insight into the chemotaxonomy of Thymus species in Southeastern Europe 11
Table 1 continues
T160 T. pannonicus Serbia Geraniol Neral Terpinen-4-ol 4 [84]
T161 T. pannonicus Serbia Geraniol Neral 3-octenol 4 [83]
T162 T. pannonicus Serbia Germacrene D a-Pinene Myrcene 5
T163 T. pannonicus Eosma an_d o-Terpinyl ace- Terpinen-4-ol Carvacrol 4 [53]
erzegovina tate
T164 T. parnassicus Greece B-Caryophyllene epi-a-Muurolol d-cadinene 2
T165 T. parnassicus Greece B-Caryophyllene  (2Z, 6E)-Farnesol ‘(i‘a_e(z)rlmacrene-D- 2 [51]
T166 T. parnassicus Greece B-Caryophyllene Linalyl acetate y-Terpinene 2
T. pectinatus
T167 var. pectinatus Turkey Thymol p-Cymene Borneol 6 [2]
T168 T. perinicus Bulgaria Thymol Borneol y-Terpinene 7 [48]
T. praecox
T169  ssp. gorssheimii Turkey Carvacrol p-Cymene ND 7
var. grossheimii
T. praecox 2]
T170  ssp. gorssheimii Turkey Thymol p-Cymene ND 6
var. grossheimii
T. praecox ssp. i - i . .
T171 skorpilli var. langier Turkey a-Terpineol a-Terpinyl acetate Geraniol 3
T172  T. pseudoatticus Macedonia exo-Borneol B-Caryophyllene B-Cubebene 5 [85]
T173 T. pseudopulegioides Turkey Linalool a-Terpinyl acetate ND 3 [2]
T174  T. pulegioides Croatia Geraniol Thymol Linalool 4
- . . . Thymol methyl
T175 T. pulegioides Croatia Linalool Geraniol ether 3 [86]
T176 T. pulegioides Croatia Linalool Geraniol ;%TOI methyl 3
T177 T. pulegioides Croatia Carvacrol p-Cymene y-Terpinene 6 [70]
T178 T. pulegioides Romania Carvacrol Thymol p-Cymene 7 [64]
T179 T. pulegioides Romania Carvacrol y-Terpinene p-Cymene 7 [38]
T180 T. pulegioides Romania Carvacrol y-Terpinene p-Cymene 7
T181 T. pulegioides Romania Carvacrol Linalool Thymol 7 [75]
T182 T. pulegioides Bosnia an_d Geraniol Linalool Thymol 4 [53]
Herzegovina
Hatipi
Ibrahimi
T183 T. pulegioides Kosovo Geraniol a-Terpinyl acetate Thymol 3 etal.
Ssp. montanus (un-
published
results)
T184 T. pulvinatus Turkey Borneol ND ND 7 2]
T185 T. revolutus Turkey p-Cymene Borneol ND 7 [2]
T186 T. roegneri Turkey Thymol p-Cymene ND 6 2]
T187  T.rohlenae Macedonia p-Cymene y-Terpinene Linalool 7 [26]
T188 T.samius Greece Germacrene D B-Bisabolene B- 5 [51]
Caryophyllene
T189 T.serpyllum Eosnla an_d Thymol Borneol Linalool 7 [82]
erzegovina
T190 T.serpyllum Croatia Carvacrol Thymol y-Terpinene 7 [87]
T191 T.serpyllum Greece Linalool (E)-Nerolidol Limonene 3 [88]
T192 T.serpyllum Greece Thymol p-Cymene y-Terpinene 6 [89]
T193 T.serpyllum Albania p-Cymene Linalool Carvacrol 7 [69]
T194 T. sipyleus Turkey Thymol Carvacrol ND 6
ssp. rosulans 2]
T195 |- Sipyleus Turkey 1,8-Cineole ND ND 4

ssp. rosulans
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Table 1 continues

T. sipyleus ssp.

T196 . . Turkey Geranial Neral ND 4
sipyleus var. sipyleus 2]
T197 T sipyleus SSP. Turkey Linalool Geranial Neral 3
sipyleus var. sipyleus
Bosnia and ba-
T198 T. striatus - Hydroxygerma- 1,8-Cineole Germacrene D 7 [54]
Herzegovina .
cra-1(10),4-diene
T199 T. striatus Bulgaria -Caryophyllene Germacrene D g:;iré/:phyllene 2 [48]
T200 T. striatus Bosnia an_d Thymol Ca_ryophyllene Carvacrol 7 [54]
Herzegovina oxide
T201 T. striatus Eosma an_d Terpinen-4-ol a-Terpinyl acetate Linalool 3 [53]
erzegovina
T202 T. striatus Croatia OC;iré/é)phyllene Elemol a-cadinol 1 [54]
T203 T. striatus Greece Thymol y-Terpinene p-Cymene 7 [55]
T204 T. striatus Greece Thymol p-Cymene Linalool 6 [41]
T. striatus .
T205 var. interruptus Turkey B-Caryophyllene Terpinen-4-ol ND 2
To0s |- Striatus Turkey Thymol ND ND 7 2]
var. interruptus
T. striatus .
T207 var. interruptus Turkey p-Cymene 1,8-Cineole Thymol 7
T208 T. sibthorpii Greece Geraniol Linalool Citronelyl ace- 4
tate [44]
T209 T. sibthorpii Greece Geraniol Thymol Gerany| acetate 4
T210 T. sibthorpii Greece gt'l(;erpmyl ace- a-Terpineol Geraniol 4 [41]
T211 T. sibthorpii Turkey Thymol p-Cymene ND 6
T212 T. sibthorpii Turkey Carvacrol p-Cymene Thymol 7 [2]
T213  T.syriacus Turkey Thymol Carvacrol ND 6
T214 - teucrioides Greece p-Cymene Borneol y 7
ssp. alpinus Caryophyllene
T215 T. teucr_|0|des Greece p-Cymene Borneol B- 7
ssp. alpinus Caryophyllene [35]
T216 T. teucr}0|des Greece p-Cymene Borneol - 7
ssp. alpinus Caryophyllene
T. teucrioides Caryophyllene
T217 ssp. alpinus Greece p-Cymene B-Caryophyllene oxide 7
1218 |- thracicus Turkey Geraniol ND ND 4 2]
var. longidens
T219 T. tosevii Greece Linalool Geraniol Thymol 3 [90]
T220 T. tosevii Kosovo a-Pinene S;iré/:phyllene p-Cymene 7
T221 T.tosevii Kosovo OC;irél;)phyllene y-Terpinene a-Pinene 7
T222 T.tosevii Kosovo OC;irél;)phyllene y-Terpinene a-Terpineol 7
n : : p- [91]
T223 T. tosevii Kosovo y-Terpinene Geranyl acetate Caryophyllene 4
T224  T. tosevii Kosovo y-Terpinene ;%TOI methyl Camphene 4
T225 T.tosevii Kosovo p-Cymene (E)-B-Farnesene Caryophyllene 7
T226 T. tosevii Kosovo Thymol y-Terpinene p-Cymene 7
T227 T.tosevii Serbia Gerany| acetate Carvacrol gt'le;erpmyl ace- 3 [92]
T228 T. tosevii ssp. degenii Macedonia Thymol Carvacrol Geraniol 7
T229 T. tosevii ssp. degenii Macedonia Thymol Carvacrol Linalool 7 [36]
T230 T. tosevil Macedonia Carvacrol Thymol Geraniol 7

ssp. longifrons
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Table 1 continues
T231 T. tosevii Macedonia Carvacrol Thymol Linalool 7
ssp. longifrons
T232 T. tO'SEVII SSP- Macedonia Carvacrol Thymol p-Cymene 7 [36]
longifrons
T233 T. tosevii Macedonia Geraniol Linalool Carvacrol 4
ssp. longifrons
T234  T. vulgaris “Faustini”  Moldavia Geraniol Linalool Neral 3 [58]
T235 T.vulgaris Albania Thymol p-Cymene y-Terpinene 6
T236 T.vulgaris Albania Thymol p-Cymene y-Terpinene 6
T237 T.vulgaris Albania Thymol p-Cymene y-Terpinene 6 [40]
T238 T.vulgaris Albania Thymol p-Cymene y-Terpinene 6
T239 T.vulgaris Albania Thymol p-Cymene y-Terpinene 6
T240 T.vulgaris Albania p-Cymene Thymol y-Terpinene 7 [69]
T241 T.vulgaris Croatia Linalool Thymol p-Cymene 7 [93]
T242  T.vulgaris Croatia p-Cymene Thymol 1,8-Cineole 7 [94]
T243 T.vulgaris Croatia Thymol p-Cymene y-Terpinene 6 [93]
T244  T.vulgaris Croatia Thymol p-Cymene y-Terpinene 6 [87]
T245 T.vulgaris Greece Thymol y-Terpinene y-Terpinene 6 [95]
T246  T.vulgaris Turkey Thymol p-Cymene ND 6 [2]
T247  T.vulgaris Moldavia Thymol m-Cymene y-Terpinene 6 [58]
T248 T.vulgaris Serbia Thymol p-Cymene Carvacrol 6 [96]
. . B-
T249 T.vulgaris Serbia Thymol Carvacrol Caryophyllene 7 [97]
T250 T.vulgaris Serbia Thymol p-Cymene y-Terpinene 6 [98]
T251 T.vulgaris Serbia Thymol ND ND 7 [77]
T252 T.vulgaris Serbia Thymol p-Cymene Carvacrol 6 [99]
T253 T.vulgaris Serbia Thymol p-Cymene y-Terpinene 6 [92]
T254  T.vulgaris Serbia Thymol ND ND 7 [89]
T255 T.vulgaris Serbia Thymol ND ND 7 [100]
T256 T.vulgaris Serbia Thymol ND ND 7 [101]
T257 T. zygioides Bulgaria Thymol Borneol p-Cymene 7 [48]
T. zygioides i : .
T258 var. lycaonicus Greece Thymol p-Cymene y-Terpinene 6 [51]
T. zygioides ) § .
T259 var. lycaonicus Greece p-Cymene Thymol y-Terpinene 7 [57]
T. zygioides - -Bi
T260 var. lycaonicus Turkey Thymol p-Cymene B-Bisabolene 6
To61 |- Zygioides Turkey Thymol ND ND 7
var. lycaonicus 2]
T262 T. zyg|0|de§ Turkey Carvacrol ND ND 7
var. lycaonicus
T. zygioides .
T263 var. lycaonicus Turkey Geraniol ND ND 4
T2*64 T. glabrescens Serbia Thymol y-Terpinene p-Cymene NI
T2*65 jTén;?(;aeecox subsp. Serbia B-Caryophyllene Thymol Linalool NI [60]
T266 - . . .
- T. pulegioides Serbia Linalyl acetate Thymol y-Terpinene NI
T2*67 T. parnassicus Greece a-Cadinol B-Caryophyllene B-bisabolene NI
T2*68 T. leucotrichus Greece Elemol a-Eudesmol B-Eudesmol NI [43]
T2*69 T. atticus Greece Linalool p-Cymene ND NI
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Table 1 continues

T270

- T. holosericeus Greece Geraniol p-Cymene ND NI
T271 [43]
- T. laconicus Greece Carvacrol p-Cymene ND NI
T2rz T. longedentatus Bulgaria Geranial Neral Eucalyptol NI [50]
- .
T273 . . . .
- T. moesiacus Bulgaria Linalool Geraniol Geranyl acetate NI
T274 . . . . .
- T. jankae Bulgaria Linalool Linalyl acetate t-Cadinol NI
T275 " . . . B-
- T. vandasii Bulgaria Linalool Linalyl acetate Caryophyllene NI
T2*76 T. longicaulis Bulgaria Geraniol a-Terpinyl acetate Linalool NI
T2*77 T. sibthorpii Bulgaria Myrcen-8-yl Linalool Myrcen-8-ol NI
acetate
T278 a-Terpinyl ace- [49]
- T. pulegioides Bulgaria tate Geraniol Thymol NI
T279 . .
- T. glabrescens Bulgaria Thymol p-Cymene y-Terpinene NI
T280 - . .
- T. callieri Bulgaria Carvacrol Thymol y-Terpinene NI
T281 T - .
- . pannonicus Bulgaria Germacrene D -Caryophyllene ND NI
T2*82 T. thracicus Bulgaria B-Myrcene glrs;i-tiabmene hy- t-Cadinol NI
T2*83 T. holosericeus Greece Linalool Carvacrol Geraniol NI [42]

*Resent studies not included in the multivariate analysis (NI)

A total of 263 different Thymus spp. samples
and their essential oil compositions were used to
perform Principal Component Analysis (PCA),
followed by Hierarchical Cluster Analysis (HCA).
Ward’s method of HCA was applied based on each
sample's scores in the first five components of the
PCA model. The HCA dendrogram (Figure 2) re-
vealed seven groups, which were used to develop a
subsequent Partial Least Squares Discriminant
Analysis (PLS-DA) model based on the affiliation
of each sample to the seven primary clustering
groups. The statistical descriptors of the PLS-DA
model (R2X = 0.132, R2Y = 0.864, Q2 = 0.657)
indicate satisfactory predictive capabilities for
Thymus chemotaxonomic differentiation based on
essential oil composition. The score scatter plot
reveals a distinctive grouping pattern of samples
based on the main compounds in the essential oil
(Figure 3).

The coefficient plots derived from the PLS-
DA model for Thymus spp. demonstrate the com-
pounds in the essential oil that determine the

chemotype group assignment for each sample
(Figures S1 and S2). The discriminant presence or
absence of the major component, along with com-
ponents 2 and 3, in each group are represented in
Table 2. The cluster analysis revealed seven main
chemotypes, and their characteristics are provided
in Table 2.

Group 7 comprises the majority of the ana-
lyzed samples (107) and is characterized by the
presence of p-cymene and borneol, along with car-
vacrol and thymol, as predominant components in
the essential oil composition, resembling the well-
known p-cymene/thymol chemotype [102]. Anoth-
er previously recognized chemotype is the geraniol
chemotype, which corresponds to the second larg-
est cluster in the dendrogram, encompassing 53
representative samples in group 4 (including some
T. vulgaris samples from Serbia). In addition to
geraniol, o-terpinyl acetate, vy-terpinene, 1,8-
cineole, and linalyl acetate can also be present as
predominant compounds in the essential oils.
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Figure 2. Dendrogram obtained by hierarchical cluster analysis using Ward’s method revealing the essential oils
polymorphism of Thymus taxa

Ipunosu, Ogg. tipup. maii. 6uotiex. nayku, MAHY, 44 (1-2), xx—xx (2023)



16 Gj. Stefkov, S. Kulevanova

‘ @) .Group 1
.Group 2

8? O .Group 3
- ‘ Group 4

: @) .Group 5

4+ e © BGrouwps

& o- Group 7

t[1]

Figure 3. Score scatter plot from the PLS-DA model for Thymus spp. chemotaxonomic differentiation based
on essential oils; main components, colored according to group assignment

Group 6, the third largest cluster with 51
samples, is a classic thymol chemotype that had
been recognized previously [103-106]. A charac-
teristic of this chemotype is that p-cymene is al-
ways present as a second major compound, serving
as a discriminatory compound that differentiates it
from group 4, where p-cymene is absent as a major
compound. The absence of p-cymene as a second
major compound is also typical for Group 2 (9
samples), which is a B-caryophyllene chemotype.
All samples from T. striatus and T. parnassicus are
included in this group.

Group 3 (30 samples) is distinguished by the
presence of linalool as one of the major com-
pounds. The smallest group is Group 1 (2 sam-
ples), typified by the predominance of camphene,

elemol, and caryophyllene oxide. Group 5 (11
samples) is characterized by the predominance of
germacrene D, (E)-nerolidol, and borneol, with -
caryophyllene as a secondary major component.

Applying multivariate statistical techniques
was essential for integrating chemical data with
chorological information, leading to a more com-
prehensive understanding of Thymus chemotaxon-
omy. In this way, chemical profiles can be further
used to accurately identify and classify Thymus
species, especially those that are morphologically
similar, and to assist in phylogenetic studies to un-
derstand the evolutionary relationships among
Thymus species from Southeastern Europe, reveal-
ing patterns of divergence and speciation.

Table 2. Discriminant essential components in each chemotaxonomic group based on the PLS-DA coefficients

OTHER
MAIOR  CoupounD  DOMINAnT  DOMINANT
HCA COMPOUND COMPOUNDS THYMUS SPP.
INSIGNIFICANT  COMPOUNDS
GROUP HIGH LOW SAMPLES
PRESENCE PRESENCE/ HIGH PRESENCE/
ABSENCE PRESENCE ABSENCE
Camphene,
Elemol, a-cadinol,
1 Caryophyllene Thymol & Carvacrol B-Bourbene T75, T202
oxide
T49, T59, T104, T120,
2 B-Caryophyllene  Thymol & Carvacrol ~Germacrene D p-Cymene T164, T165, T166,

T199, T205
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Linalool,
Lavandulol,

Geranyl acetate

Thymol &
Carvacrol,
p-Cymene

Geranial,
Geraniol,
a-Terpenyl
acetate

p-Cymene,
y-Terpinene

T1, T23, T39, T85,
T96, T97, T98, T99,
T100, T101, T102,
T126, T129, T135,
T143, T144, T145,
T158, T159, T171,
T173, T175, T176,
T183, T191, T197,
T201, T219, T227,
T234

Geraniol,
a-Terpenyl
acetate,
y-Terpinene,
1,8-Cineole,
Linalyl acetate

Thymol & Carvacrol

Geranyl acetate,
Linalool,
Neral

p-Cymene

T2,T21,T22, T27,
T28, T35, T40, T42,
T48, T50, T73, T78,
T80, T81, T82, T83,
T84, T86, T87, T124,
T125, T128, T131,
T136, T137, T140,
T142, T146, T147,
T148, T149, T150,
T151, T153, T154,
T155, T156, T157,
T160, T161, T163,
T174,T182, T195,
T196, T208, T209,
T210, T218, T223,
T224, T233, T263

Germacrene D,
(E)-Nerolidol,
Borneol

Thymol & Carvacrol

[-Caryophyllene,
B-Bisabolene,
Myrcene,
B-Cubebene

Thymol &
Carvacrol,
y-Terpinene,
Linalool

T29, T36, T37, T41,
T51, T6O, T61, T62,
T162, T172, T188

Thymol

p-Cymene, Geraniol,

Linalool,

Caryophyllene oxide

p-Cymene,
y-Terpinene,
Thymol acetate,
Limonene

T3, T10, T16, T24,
T31, T32, T45, T58,
T64, TGS, T66, T67,
T70, T89, T91, T94,
T105, T115, T116,
T118, T119, T122,
T123, T127, T138,
T139, T167, T170,
T177,T186, T192,
T194, T204, T211,
T213, T235, T236,
T237, T238, T239,
T243, T244, T245,
T246, T247, T248,
T250, T252, T253,
T258, T260

P-Cymene,
Carvacrol,
Thymol,
Borneol

Geraniol,

a-Terpenyl acetate,

y-Terpinene,
B-Caryophyllene,
Linalool,
1,8-Cineole

y-Terpineng,
p-Cymene,
Borneol,
Thymol

T4,T5,T6,T7, T8, T9,
T11,T12,T13, T14,
T15,T17,T18, T19,
T20, T25, T26, T30,
T33, T34, T38, T43,
T44, T46, T47, T52,
T53, T54, T55, T56,
T57, T63, T68, T69,
T71,T72, T74, TT76,
T77,T79, T88, T90,
T92, T93, T95, T103,
T106, T107, T108,
T109, T110, T111,
T112,T113, T114,
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T117,T121, T130,
T132, T133, T134,
T141, T152, T168,
T169, T178, T179,
T180, T181, T184,
T185, T187, T189,
T190, T193, T198,
T200, T203, T206,
T207, T212, T214,
T215, T216, T217,
T220, T221, T222,
T225, T226, T228,
T229, T230, T231,
T232, T240, T241,
T242, T249, T251,
T254, T255, T256,
T257, T259, T261,
T262

CONCLUSION

This review synthesizes current knowledge
on the chemical diversity of Thymus species from
Southeastern Europe, primarily focusing on the
composition of their essential oils. It highlights the
variability in chemical constituents, the importance
of chemotypes, and the application of multivariate
statistical techniques in chemotaxonomic studies.
In this context, the review provides a thorough in-
sight into the seven main chemotype groups pre-
sent among 263 different Thymus spp. samples
from Southeastern Europe, along with their major
chemical constituents. It also suggests further in-
vestigation into the biological properties of Thymus
species and their essential oils, including the selec-
tion of rare species, standardization, and clinical
trials using molecular, cellular, and animal models
to demonstrate the valuable significance of Thymus
oils. In conclusion, the theory regarding the effect
of environmental factors and ecological interac-
tions on the evolution of chemotypes is not entirely
applicable to the known chemotypes of Thymus
species growing in Southeastern Europe, as evolu-
tionary relationships and classical systematics play
a crucial role.
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variation in monoterpene co-occurrence and com-

YBH/J BO XEMOTAKCOHOMMJATA HA BUJOBUTE O POAOT THYMUS
BO JYTOUCTOYHA EBPOITA

I'ome CtedxoB, Cer1ana KyJjeBanoBa
dapmarieBTcku paxkynrer, YHuepsureT ,,Ce. Kupun u Meronuj“ — Ckonje, CeBepHa Makenonuja

Ponot Thymus L. npercraByBa efeH ol Haj3HaYajHUTE U HAjmoauMOpGHH POJOBH BO ceMejcTBoTO Lamiaceae,
oncakajku npubmmxao 350 BunoBH pacnpoctpaneTn Hu3 EBpona, Asuja, CeBepHa u Mcrouna Adpuka, n jyXKHHOT
nen Ha ['penmanza, mpu mTO HAjrOIEeMHOT OpOj ce cpekaBaaT BO MeAWTEpaHCKHOT pernoH. PacTenmjaTa on pomoT
Thymus u HHBHHTE eTepHYHH Macia Ce BHCOKO LICHETH BO TPAAMIMOHAIHATA MEAWIMHA M KYJIHHAPCTBOTO BO
Jyroucrouna Espora. ETepnunnTte Macia Ha BUIOBHTE 0] ThyMUS mokakyBaaT 3Ha4ajHa XEMHCKa BapHjaOWITHOCT,
KaKoO pe3yJiTaT Ha pa3jInuH BHATPEIIHH U HaJABOpPEIIHH (DaKTOpH, ME'y KOU Ce FeHETCKUTE Bapujallii U BiWjaHHjaTa
Ha KHMBOTHATa CPEIMHA.

U mnokpaj mIMPOKO paclpoCTPaHETHOT HAy4YeH WHTEpeC 3a TAKCOHOMMjaTa, XEMOTHIIOBHTE W OHOIIOIIKATa
AKTHBHOCT Ha HUBHUTE CEKyHAapHH MeTabONIUTH, OCTAIHATA JTUTepaTypa 3a poaoT Thymus Bo Jyroucrouna Espora
e orpanuuena. llenta Ha 0BOj mperjesn € ga ce IPHKaXe COCTABOT HAa €TEPUUYHUTE Macia Kaj PasIM4HH BUJIOBU O]
0BOj poxa, mpucytHu Bo Jyromcrouna EBpoma, m ga ce cucTreMaTH3MpaaT MOCTOCYKHTE IIOJATOIH 3a
pacnpoCTpaHEeTOCTa, COCTABOT HA CTEPUUYHUTE Macyia U OMOJIONIKATE aKTHBHOCTH Ha ThymusS BUIOBUTE BO PETHOHOT
(BximyuyBajku ru XpBarcka, bocua u Xepuerosuna, Cpouja, Lpna I'opa, byrapuja, Pomanuja, KocoBo, Anbanuja,
CeBepra Maxkenonuja, YHrapuja, Monnasuja, Typuuja u I'prmja). OBue co3HaHHMja ce Of OCOOCHO 3HaYCHE 3a
mo100po pa3zdupame Ha HUBHATa XEMOTaKCOHOMHja.

Bo Taa Hacoka, 0BOj TPy MMa 3a Il Ja TIOHYOH ceomndareH yBHUI BO BapHjallUTe HA XEMOTHIIOBHTE Kaj 263
npuMepor o1 Thymus cobparu Bo Jyrowmcrouna EBpoma, co akieHT Ha TJIaBHHTC KOMIIOHEHTH Ha HHUBHHTE
eTEepUYHH Maciia, M Jla OTBOPH MaT 3a MOHATAMOIIIHN HCTPaKyBarmha Ha OHOJIOIIKATE CBOjCTBA Ha poaoT Thymus L. u
HEroBUTE €TEPUYHU Maclia.

Kayunu 36opoBu: nuB majunHa aymmuna; Jyroucrouna EBpoma; cocTaB Ha eTepUYHM Macia; XEeMOTHUIIOBH;
MYJITUBapHjaHTHa CTATHCTHYKA aHaJIN3a
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