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INFORMATION ABSTRACT
Hapgiiiwna o pepakuii / Received: The aim of the work. To perform the identification of phenolic compounds
11.01.2022 and terpenoids in the aerial parts of Thymus pulegioides L. (cultivar ‘2/6-07’),
Micna goonpautoBaHHs / Revised: Thymus richardii Pers. (cultivar 'Fantasy') and Thymus vulgaris L. (cultivar
17.01.2022 ‘Jalos’) using thin layer chromatography (TLC), as well as to conduct the gas-
MpuiinATo o apyky / Accepted: chromatographic analysis of Thymus richardii essential oil.
18.01.2022 Materials and Methods. The TLC method was used in this study for the
qualitative analyses of polyphenols and non-polar compounds in the aerial part of
Key words: three Thyme (Thymus L.) species from the Lamiaceae Martinov family cultivated
Thymus pulegioides; in Kherson region (Ukraine). The volatile compounds were determined in the
Thymus richardir, essential oil of Thymus richardii by gas chromatography mass spectrometry (GC/
Thymus vulgatris; MS) method.
cultivar; Results and Discussion. Rosmarinic and caffeic acids were identified in the
herb; methanol extracts of all three Thymus representatives. Luteolin was revealed
TLC; distinctly only in the Thymus richardii herb whilst the weak zone of apigenin
GC/MS; was found only in Thymus vulgaris. The TLC-analysis of terpenoids showed
polyphenols; the presence of the clear spot of thymol only in the methylene chloride extract
terpenoids. of Thymus vulgaris aerial part. The weak zones of -sitosterol were visible in

the chromatograms of all three Thymus species. The major volatile constituent
of the Thymus richardii essential oil was linalool (38.60 %), followed by linalyl
acetate (18.26 %) and thymol (8.41 %). These predominant compounds possess
significant therapeutic potential.

Conclusions. The used chromatographic techniques could be regarded as
simple and reliable methods for the phytochemical authentication of the studied
Thymus cultivars.

Introduction. The Thyme (Thymus L.) genus belongs  plants and subshrubs [1]. They are characterized by the
to the Mentheae Dumort. tribe of Nepetoideae Burnett  specific aromatic smell due to the accumulation of
subfamily (Lamiaceae Martinov family). The Thymus essential oil in the epidermal trichomes [2, 3]. Some
genus counts more than 300 species of herbaceous species are known as medicinal plants widely used in
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traditional medicine of many countries [4-6]. Thus, the
raw materials of such species as Thymus vulgaris L. or
Thymus zygis L. (Thyme) and Thymus serpyllum L.
(Wild Thyme) are included in the European and Ukrainian
Pharmacopoeias [7,8]. According to the European
Pharmacopoeia [8], essential oil from the flowering
herbs of Thymus vulgaris or Thymus zygis (or a mixture
of both species) known as 'Thyme oil' should contain at
least 36.0% of thymol.

Such species as Thymus pulegioides L. or Thymus
richardii Pers. are unofficial ones and are only used in
complementary medicine [9-12]. Due to natural
processes of hybridization and diligent breeders' work,
the new subspecies, cultivars and chemotypes of
Thymus species gradually appear [13]. It encourages
investigations of their chemical composition as well as
biological properties [5, 6].

Phytochemical study of the main groups of biologically
active substances in the raw materials of unofficial
medicinal plants or cultivars opens up opportunities to
determine their potential role in the development of new
phytomedicines. Since plant raw materials are
multicomponent mixtures of different compounds, their
chromatographic analysis could be considered as the
optimal method of the phytochemical evaluation [14, 15].

The first aim of this study was to perform the TLC-
analysis of phenolic compounds and terpenoids in the
aerial parts of three Thymus representatives cultivated
in Ukraine: Thymus pulegioides (cultivar ‘2/6-07"),
Thymus richardii (cultivar  'Fantasy’) and Thymus
vulgaris (cultivar ‘Jalos’). The second aim was to conduct
the GC/MS analysis of Thymus richardii essential oil.

Materials and Methods. The herbs of the studied
species were harvested from the experimental plots in
Kherson region (Ukraine) and shade dried for 6-7
days.

The raw materials for the TLC-analysis of polyphenols
were macerated in methanol in a ratio of 1:10, using
periodical shaking. The reference standards (rosmarinic
acid, caffeic acid, apigenin and luteolin) were dissolved
in methanol. The mobile phase was prepared using ethyl
acetate, formic acid and water in a ratio of 15:1:1. TLC
plates F,., (20x10 cm, with silica gel, Merck) were used
in this study. The derivatization was conducted with 1%
AICI, solution. The detection of phenolic compounds
was based on the natural fluorescence (UV-light at
366 nm).

The raw materials for the TLC-fingerprinting of
terpenoids were macerated in toluene (ratio 1:10).
Thymol and p-sitosterol were used as reference
standards. The mobile phase consisted of methylene
chloride and methanol (ratio 9:1). The detection of non-
polar compounds was done using anisaldehyde solution.
After the heating at 100-105 °C for 5 min, the spots were
examined in daylight immediately.

Essential oil was separated from the Thymus richardii
herb by hydrodistillation. Chromatograph GC/MS Agilent
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Technologies Hewlett Packard 6890N/5973 (USA)
equipped with a ZB-5HT inferno column (30.0 m x 0.32
mm x 0.25 pm) was used for the component analysis of
essential oil [6]. The flow rate of helium as a carrier gas
was 2 mL/min. The temperature of the injector was
250 °C. The injected volume of the test solution was
1 yL; split-ratio 20:1. Compounds were identified by
comparing their retention indexes and by interpretation
of the mass spectra from a National Institute of Standards
and Technology library.

Results and Discussion. The 'chromatographic
fingerprints' of phenolic compounds in the investigated
herbs are presented on Figure 1. Rosmarinic and caffeic
acids were identified in the methanol extracts of all three
species. The most intense light blue fluorescent zones
at (R=0.72+0.02) corresponded to the reference
standard of rosmarinic acid. The weaker light blue spots
of caffeic acid were presented just above the rosmarinic
acid one (R=0.80+0.02). Several weak additional zones
in the different shades of a blue fluorescence were also
presented along the chromatograms of the tested
species. Flavonoid luteolin (R,=0.83+0.02) was identified
clearly only in the Thymus richardii (cultivar 'Fantasy')
herb. The weak yellow zone of apigenin (R=0.86+0.02)
was revealed only in the Thymus wulgaris (cultivar
‘Jalos’) aerial part. Several red spots of chlorophyll were
observed just under the solvent front. Generally,
rosmarinic acid with proven antioxidant, anti-
inflammatory, antimicrobial, antiviral, hepatoprotective
and other properties [16, 17] can be considered as the
main biologically active polyphenol of all three studied
species.

Rosmarinic acid was the predominant phenolic
compound in the aerial parts of Thymus serpyllum L.
and other Thymus species [4] as well as representatives
of the Melissa and Ocimum genera (Lamiaceae Family)
[14, 17]. Rosmarinic acid prevailed in the Thymus
pulegioides aqueous and hydro-ethanolic extracts which
possessed the antioxidant, anti-proliferative,
neuroprotective, anti-aging and anti-diabetic activities
[18].

The TLC-analysis of non-polar compounds showed
the presence of the clear spot of aromatic alcohol thyr
mol (R=0.84+2) in the methylene chloride extract of
Thymus vulgaris herb only (Fig. 2). This finding
corresponds to the literature date about the dominant
components of the essential oil of this species [6]. The
weak violet zones of B-sitosterol (R=0.75+2) were
visible in the chromatograms of all three species. The
presence of the faint spots of -sitosterol was also
found in the raw materials of other species from the
genera Satureja, Lophanthus and Dracocephalum of
Lamiaceae family [19]. Furthermore, the different
additional violet, blue and green zones of fluorescence
were presented in the chromatograms of the tested
samples which reflected the specific ‘chromatographic
fingerprint' of terpenoids.
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Figure 1. The image of typical TLC-chromatograms of polyphenols in the herbs of three Thymus representatives in UV-
light at 366 nm: 1 — Thymus pulegioides (cultivar ‘2/6-07’); 2 — Thymus vulgaris (cultivar ‘Jalos’); 3 — Thymus richardii
(cultivar 'Fantasy'); A — standard of rosmarinic acid; B — standard of caffeic acid; C — standard of apigenin; D — standard
of luteolin. Mobile phase: ethyl acetate, formic acid and water (15:1:1); derivatization with 1% AICI, solution.

Figure 2. The image of typical TLC-chromatograms of terpenoids in the herbs of three Thymus representatives after

derivatization with anise aldehyde solution in daylight: 1 — Thymus pulegioides (cultivar ‘2/6-07’); 2 — Thymus vulgaris

(cultivar ‘Jalos’); 3 — Thymus richardii (cultivar 'Fantasy'); A — standard of thymol; B — standard of 3-sitosterol. Mobile
phase: methylene chloride and methanol (9:1).

The analysis of available scientific sources indi-
cates very limited data about phytochemical pecu-
liarities of Thymus richardii. For instance, only one
article was found in the authoritative international
database PubMed on February 1, 2022 after search-
ing words "Thymus richardii" [10]. We suppose that
essential oil of Thymus richardii deserves significant
attention from the point of view of the determination

of its component composition and chemotype fea-
tures.

The GC/MS analysis of the Thymus richardii (culti-
var 'Fantasy') essential oil is presented in Table 1 and
in Figure 3. It was revealed the dominating of the
acyclic monoterpenoids such as linalool (38.60 %)
and linalyl acetate (18.26 %) followed by aromatic
alcohol thymol (8.41 %). Moreover, the significant
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Chemical composition of the Thymus richardii (cultivar 'Fantasy') essential oil revealed by GC/MS

Component Retention index Content [%] + SD %
1-octen-3-ol 982 0.28+0.03
3-octanone 988 0.04+0.00
B-myrcene 992 0.04+0.01
3-octanol 995 0.05+0.00
terpinolene 1017 0.07+0.00
p-cymene 1026 0.93+£0.02
eucalyptol (1,8-Cineole) 1032 0.93+0.03
y-terpinene 1061 0.44+0.01
cis-p-terpineol 1070 0.26+0.01
cis-linalool oxide 1074 1.19+0.03
trans-linalool oxide 1089 1.08+0.01
linalool 1100 38.60+0.37
thujone 1114 0.30+0.03
camphor 1148 5.94+0.03
borneol 1169 6.32+0.08
lavanduol 1178 0.54+0.01
terpinen-4-ol 1180 5.33+0.05
a-terpineol 1193 3.41+0.08
borneol acetate 1225 0.16+0.01
nerol (cis-geraniol) 1233 0.25+0.08
thymol methyl ether 1246 0.46+0.08
linalyl acetate 1264 18.26+0.09
bornyl acetate 1287 0.19+0.01
lavanduol acetate 1291 1.34+0.02
thymol 1299 8.41+0.10
carvacrol 1305 1.30+0.32
nerol acetate 1366 0.58+0.05
geranyl acetate 1385 1.02+0.07
caryophyllene 1423 0.52+0.01
B-farnesene 1436 0.33+0.01
B-bisabolene 1511 0.07+0.02
neryl propionate 1547 0.14+0.01
caryophyllene oxide 1589 0.55+0.02

contents of borneol (6.32 %), camphor (5.94 %) and
terpinen-4-ol (5.33 %) were also detected in the
studied essential oil.

The predominant components of Thymus richardii
(cultivar 'Fantasy') essential oil are significantly different
from those found in the essential oils of its other populae
tions [20, 21]. Thus, the EsO of plants harvested in 6
different Thymus richardii localities from Spain (Majorca,
Valencia, Ibiza), Bosnia-Herzegovina (Konjic, Borci) and

Italy (Sicily) were investigated by Llorens et al. [20].
They found that the main compounds in the most sam-
ples were monoterpenoids p-cymene and y-terpinene.
The principal constituent in the samples from Majorca
was sesquiterpene S-bisabolene (>40%). Furthermore,
Italian scientists Bader et al. [21] detected 36 com-
pounds in the essential oil of Thymus richardii subsp.
nitidus (Guss.) Jalas, and sesquiterpene B-bisabolene
(32.3 %), as well as aromatic monoterpenoids carvacrol
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Figure 3. The typical GC/MS chromatogram of the Thymus richardii (cultivar 'Fantasy') essential oil.

(13.1 %) and methyl-thymol (12.4 %) predominated
among them.

It should be mentioned, that the main volatile com-
pounds of Pharmacopoeial Thymes [7, 8] are thymol
and carvacrol. On the other hand, the predominant com-
pounds of Ukrainian Thymus pulegioides essential oil
were o-citral (27.10 %) and B-citral (17.11 %) [6].

Such minor components of the Thymus richardii (cul-
tivar 'Fantasy') essential oil as lavanduol acetate
(1.34 %), lavanduol (0.54 %) and borneol acetate
(0.16 %) could be considered as its specific chemotaxo-
nomic markers.

The biological activities of volatile compounds found in
the Thymus richardii (cultivar 'Fantasy') essential oil are
very substantial. For instance, linalool as a monoterpene
alcohol presented in many Lamiaceae species causes
the antimicrobial efficacy of their essential oils [6, 22].
Linalool also possesses anxiolytic, antidepressant,
anticancer, hepatoprotective, renal protective, and lung
protective activities [23]. Rai et al. [24] revealed the
antipsoriatic effect of Lavander essential oil and its
predominant components linalool and linalyl acetate.
Moreover, the essential oil of Salvia sclarea which
contained 38.67 % of linalyl acetate and 20.42% of linalool
was effective against Staphylococcus epidermidis [25].

The noticeable antiseptic properties are inherent in thymol
[5], which is the third predominant component of the
Thymus richardii (cultivar 'Fantasy') essential oil.

Conclusions. 1. The TLC analysis of polyphenols in
the herbs of all the studied Thymus species demon-
strates the presence of distinct zones of rosmarinic acid
which has significant therapeutic properties. The TLC-
fingerprints of terpenoids showed the presence of clear
spot of aromatic alcohol thymol in the Thymus
vulgaris (cultivar ‘Jalos’) herb. The weak zones of
B-sitosterol were visible in the chromatograms of all
three species. The used TLC-techniques could be
regarded as simple and reliable methods for
phytochemical authentication of three
Thymus representatives.

2. Linalool followed by linalyl acetate and thymol
could be considered as the main biologically active
markers of the Thymus richardii (cultivar 'Fantasy’)
essential oil investigated by GC/MS. The obtained data
of GC/MS analysis are important for planning further
pharmacological studies of Thymus richardii (cultivar
'Fantasy') essential oil.
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MeTta po6otu. lNposecTu igeHTUikavito nonidpeHonis Ta TepneHoigis y Tpasi Thymus pulegioides L. (copT «2/6-07»),
Thymus richardii Pers. (copT «Fantasy») i Thymus vulgaris L. (copT «Jalos») 3 BUKOPUCTAHHAM MeTOAY TOHKOLLapOBOi
xpomatorpadii (TLLUX), a Takox 34iicHUTM razoxpomaTtorpadivyHuii aHanis edipHoi onii Thymus richardii.

Marepianu i metoau. Metog TLUX 6yn0 BUKOpUCTAHO 4718 AKICHOro aHanidy nonidpeHosis i Cnosyk HeNosApHoT npupoau
B Ha[3EeMHiil YaCTUHI TPbOX NpeAcTaBHUKIB pody Yebpeub (Thymus L., poguHa Lamiaceae Martinov), iki 3arotosnsiiv B
yMOBax Ky/nbTypu Ha TepuTtopii XepcoHcbKoi obnacTi. B edipHiin onii Thymus richardii meTogom rasoBoi xpomatorpadii 3
Mac-CNneKTPOMETPIEKD BU3HAYEHO CKNag, i BMICT IETKUX CMONYK.

Pe3synbratu i OGroBOPEHHA. Y METAHOMbHUX BUTArax TpaBW YCIX TPbOX [JOCAiMKYyBaHUX BuUAiB pogy Thymus
ineHTNIKOBAHO PO3MapuHOBY Ta KodheliHy KucnoTu. JIloTeosniH 6yno 4iTKo MOMITHO TiflbkM Ha Xxpomarorpami Thymus
richardii, Togj Ak cnabky 30Hy anireHiHy BusBfeHo nuwe B Thymus vulgaris. TLUX-aHani3 TepneHoifiB noka3as HasBHICTb
TUMOJY NMLle B METUNEHXIOPUAHOMY eKCTPaKTi HaA3eMHOT YacTuHU Thymus vulgaris. Cnabki 3oHu B-cutocteposny 6ynu
MOMITHI Ha XpomMaTtorpamax ycix TpbOX BWAiB pofdy Thymus. MeTofom rasoBoi xpomarorpadii 3 mMac-CrnekTpoMeTpieto
BCTAHOBJ/IEHO, LLIO OCHOBHMMU KOMMOHeHTamu edipHoi onii Thymus richardii 6ynu niHanoon (38,60 %), niHaninauetar
(18,26 %) i TMON (8,41 %), AKi MatOTb 3HAYHWI TepaneBTUYHWIA MOTEHLia.

BucHOBKUW. BukopucTaHi MeToau xpomatorpadiyHoro aHasisy MoXHa BBaXXaTv IPOCTVMU i HaZInHUMIK AN 3aCTOCYBaHHS
y iTOXIMIYHIN iAeHTUdIKaLii CMPOBUHM [OCAIAXYBaHNX NPeACTaBHUKIB pogy Thymus.

KnwouoBi cnosa: Thymus pulegioides; Thymus richardii; Thymus vulgaris; copT; TpaBa; TOHKOLIapoBa XpomMaTorpadis;
rasosa xpomarorpadisi 3 Mac-CnekTPOMETPIEI; NoNidPeHon; TeprneHoian.
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