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Abstract

Aim of Study: It was aimed to determine the chemical composition, antioxidant and antibacterial activity
of the Thymus praecox which distributed in the Kastamonu region.

Material and methods: Spectroscopic and chromotographic analysis were applied in the determination
of the chemical composition. Thyme extracts were prepared using five different solvents. In Thymus
praecox, the presence of flavonoids using HPLC and the chemical content of essential oil using GC-MS
were investigated. The analyses of the mineral were determined in leaf and stem of thyme by ICP-OES.
Antioxidant capacity was determined using two methods such as DPPH free radical scavenging and H,O;
scavenging. Antibacterial activity on ten bacteria, Gram (+) and Gram (-) was tested using the disc diffusion
method.

Main results: Experimental results showed that thyme extracts have antibacterial activities against some
bacteria. As a result, it was found that the most affected bacteria was S. aureus. Inhibition zone diameter
was determined to be between 8-12 mm. The effect of solvent on antibacterial activity, antioxidant capacity,
total phenolic and total flavonoid amounts were observed.

Highlights: These results showed that T. praecox has the potential to be used as a natural antimicrobial
and antioxidant agent, and can be used as a natural supportive treatment.

Keywords: Thymus praecox, Essential oil, Antibacterial, Antioxidant, Phenolic, Flavonoid, HPLC,
GC-MS, ICP-OES

Thymus Praecox’un Kimyasal Bilesimi, Antibakteriyel ve
Antioksidan Aktiviteleri

Oz

Calismanmin  amaci: Kastamonu bolgesinden toplanan Thymus praecox'un kimyasal bilesimini,
antioksidan kapasitesini ve antibakteriyel aktivitesini belirlemektir.

Materyal ve yontem: Kimyasal bilesimin belirlenmesinde spektroskopik ve kromatografik analizler
uygulandi. Kekik ozleri bes farkli ¢ozicli kullanilarak hazirlandi. HPLC kullanilarak Thymus praecox
igeriginde bulunan flavonoidlerin varligi ve GC-MS kullanilarak ugucu yagin kimyasal igerigi arastirildi.
Kekigin yaprak ve sapindaki mineral analizleri ICP-OES ile belirlendi. Antioksidan kapasite, DPPH serbest
radikal temizleme yontemi ve H20- siiptirme yontemi gibi iki yontem kullanilarak belirlendi. On bakteri,
Gram (+) ve Gram (-) iizerindeki antibakteriyel aktivite disk difiizyon yontemi kullanilarak test edildi.

Temel sonuglar: Deneysel sonuglar, kekik ekstraktlarinin bazi bakterilere kars1 antibakteriyel aktiviteye
sahip oldugunu gostermistir. Sonug olarak, en ¢ok etkilenen bakterinin S. aureus oldugu bulundu.
Inhibisyon zon g¢apmin 8-12 mm arasinda oldugu belirlendi. Céziiciilerin antibakteriyel aktivite,
antioksidan kapasite, toplam fenolik ve toplam flavonoid miktarlar1 iizerine etkisi gézlendi.

Arastirma vurgulari: Caligmalar T. praecox'un dogal bir antimikrobiyal ve antioksidan ajan olarak
kullanilma potansiyeline sahip oldugunu ve dogal bir destek tedavisi olarak kullanilabilecegini gosterdi.

Anahtar kelimeler: Thymus praecox, Ugucu yag, Antibakterial, Antioxidant, Fenolic, Flavonoid,
HPLC, GC-MS, ICP-OES
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Introduction

Plants exhibit very versatile biological
effects on human metabolism through their
components such as flavonoid, alkaloid,
terpenoid, tannin, berberine, quinine, and
emetine (Njume et al., 2009; Hussain et al.,
2011). These metabolites obtained by
medicinal and aromatic plants have an
ecological and biological role (Llorens et al.,
2014). As a result of this, the products
obtained from medicinal and aromatic plants
have taken place in many applications such as
food conservation, pharmaceutical, and
alternative treatment (Vital et al., 2011; Khan
et al., 2019). The flavonoids and phenolic
compounds contained in thyme have
significant potential for the development of
industrial products in medicine and cosmetics
due to their antioxidant and antibacterial
properties (Khalkho et al., 2015).

The thyme content varies depending on its
origin, environmental conditions, stage of
development, and harvest time of the plant
(Markovic at al., 2011). Since flavonoids and
phenolic compounds are mostly present in the
leaves, flowers and woody parts of the plants
(Kdhkonen et al., 1999), essential oil extracts
obtained by methods such as extraction and
distillation are used for various purposes after
drying these parts of the plants (Botsoglu et
al., 2003). There are many species of thyme
belong to Lamiaceae which is known as a rich
source of phenolic and flavonoids (Phippen et
al., 1998). One of the most important breeds
of the Lamiaceae family is Thymus, which
contains about 110 common species (Morales,
1997). The Thymus sp. is among the most
widespread species in Turkey and the world
(Avci, 2011; Panizzi et al., 1993). Thymus sp.
grows in grassy field shores, forest edges,
meadows and rocky, and mountainous areas
where high soil temperature (Beata et al.,
2015). The Thymus sp. has carminative,
antioxidant, pharmacological, and very wide
biological properties (Stahl-Biskup et al.,
2002). The genus Thymus contains about
many subspecies and varieties (De Martino et
al., 2009). Among these, Thymus praecox has
a serious interest among medicinal and
aromatic plants because of its rich chemical
components (Balouiri et al., 2016).

In the present study, T. praecox were
studied with the following objectives: 1) to
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identify the chemical composition; 2) to
determine antioxidant activity in the different
solvent; 3) to determine antioxidant activity in
the different solvent. Its chemical components
were determined by using spectroscopic and
chromatographic methods. The activities of T.
praecox extracts against ten bacteria were
determined by a disc diffusion method. The
antioxidant activities of ethanol (99%),
methanol (99%), methanol-water (65%-35%),
ethyl acetate (99%) and pure water extracts of
T. praecox were evaluated by various
antioxidant assay like DPPH ad H,O; radical
scavenging assay.

Material and Methods
Thyme Samples

In this study, T. praecox, which is one of
the most used aromatic plants, has been
selected. The thyme plant was taken from the
rocky area on Devrekani-Abana road in the
morning of July 2017. The collected thyme
samples were dried for 4 weeks. T. praecox
was identified by Assist. Prof. Dr Kerim
GUNEY, Department of Forest Engineering,
Faculty of Forestry, Kastamonu University.

Isolation of Essential Oil

Essential oil of the Thymus praecox was
obtained by hydro distillation process using a
Clevenger’s type. Essential oil was storage in
refrigerator at 4 °C (Ozkan et.al., 2018).

Extraction Process

The thyme samples were cleaned, dried,
and powdered (stem-leaf-flower) before
extraction (ISOLAB). For the extraction
process; Soxhlet device (M-TOPO) and
Rotary evaporator device (HEIDOLPH) were
used. 10-30 g sample was taken for each
extraction and placed in soxhlet cartridge. For
this purpose, five different solvents were
used: ethanol (99%), methanol (99%),
methanol-water (65%-35%), ethyl acetate
(99%), and pure water. After the extraction
process was completed in 24 hours the solvent
was removed in the rotary evaporator. The
experimental process followed throughout the
study is shown schematically in Figure 1.

Apparatus
Inductively  coupled  plasma-optical
emission spectrometer (ICP-OES, Spectro
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Blue 11), one of the commonly used
techniques for the analysis of trace elements,
was preferred for the determination of the
elements in the thyme plant. Microwave
digestive was carried out with the Milestone
Ethos TC system using a maximum 1300 psi
pressure and a maximum 300 °C temperature
procedure. Gas  chromatography-mass
spectrometry (GC-MS, Shimadzu QP 2010
ULTRA) was used to detect of essential oil
componenent UV-61 100 PCS Double Beam
Spectrophotometer (UV-Visible) and high-
performance liquid chromatography (HPLC,
Shimadzu, LC20-A Prominence) were used to
detect total flavonoid amounts.

rrrrrr Autibacteriat

Figure 1. Shematic diagram of experimental
process

Mineral Analysis

Spectro Blue Il model ICP-OES device
was used to determine the trace elements.
Operating parameters and hardware of ICP-
OES are given in Table 1. For the microwave
digestion method, Milestone Ethos TC closed
vessel microwave device was used. The argon
gas used is certified 99.996% purity.

Table 1. Operating parameters and hardware
of ICP-OES
Instrument

Spectro Blue 11

Pump Speed (rpm) 30

Plasma Power (W) 1200

Spray chamber Cyclonic

Plasma View Mode Axial and radial
Plasma Torc Quartz

Coolant Flow (L/min) 13

Auxi!iary Gas Flow 0.8

(L/min) '

Nebulizer Flow (L/min) 0.8

Software Icp Analyzer Pro
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GC-MS Analysis

The analysis of the essential oil of T.
praecox was carried out by GC-MS (Gas
Chromatography-Mass Spectroscopy). The
components were identified using GC-MS
Wiley Data Library according to their
retention time. The used column of the device
is the RTX-5MS Capillary column (30m-0.25
mm; coating thickness 0.25 um). Analytical
conditions were injector temperature 250 °C;
carrier gas Helium at 1 mL/min; injection
mode: split, split ratio 1:10; volume injected:
1 uL solution of the oil in hexane; and oven
temperature programmed from 40 °C to 240
°C at 4 °C /min, pressure: 100kPa, purge flow:
3 mL/min. The MS scan conditions used
included a transfer line temperature of 250 °C,
an interface temperature of 250 °C, and an ion
source temperature of 200 °C.

HPLC Analysis

HPLC analysis, Shimadzu LC20-AT
Prominence, Inertsil ODS-3 Reverse Phase (5
um-25 x 4.6 mm) column was used and it was
run at 30 °C column temperature. Flavonoid
measurements were determined at 280 nm
with 20 pL injection volume. Standard
solutions were prepared with 100% methanol
and the flow rate was determined as 0.4
mL/minute.

Antibacterial Activity

Antibacterial activities of thyme extracts
obtained with 5 different solvents were tested
against ten microorganisms. The used
microorganisms are five Gram (+) and five
Gram (-) such as Staphylococcus aureus
ATCC 25923 (+), E. coli (-), Enterococcus
faecium (+), Serratia marcescens (-), alpha
hemolytic Streptococcus (+), Staphylococcus
epidermidis (+), Enterococcus faecium (+),
Pseudomonas aeruginosa (-), Listeria
monocytogenes ATCC 7644 (+), Salmonella
kentucky (-), Enterobacter aerogenes ATCC
13048 (-). A disc diffusion test was applied
according to the literature'’ by using two
different concentrations (5-50 mg/L) for the
purpose to find the concentration sensitive to
bacteria (Altuner, et al., 2015).
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Antioxidant Capacity

Thyme extracts were prepared with the
soxhlet extraction using five solvents such as
ethanol (99%), methanol (99%), methanol-
water (65%-35%), ethyl acetate (99%) and
pure water. Their antioxidant activities were
determined using two methods such as H,O;
scavenging method and DPPH free radical
scavenging method. Total phenolic and
flavonoid amounts were obtained according to
the Folin-Ciocalteu and aluminium chloride
colourimetric procedures.

Total Phenolic Amounts

It was applied to Slinkard and Singleton
procedures  with  Folin—Ciocalteu in
determining total phenolic amounts (Slinkard
etal., 1977). Gallic acid is used as a standard.
The resulting calibration equation is y =
0.0016x + 0.1683. The wavelength of
measurements is 760 nm.

Total Flavonoid Amounts

Total flavonoid amounts were determined
according to aluminium chloride
colourimetric procedure (Chang et al., 2002).
Solutions were prepared from plant extracts in
different concentrations. Absorbance values
were measured at 415 nm. Total flavonoid
amounts were calculated with the obtained
quercetin  calibration curve data (the
calibration equation for quercetin: vy
0.0017x + 0.1457).

DPPH Free Radical Scavenging Assay
DPPH free radical scavenging assay was
performed according to Blois method (Blois
et al., 1958). The basis of this method is that
natural and synthetic antioxidants remove

Table 2. HPLC analyses results of flavonoids

DPPH (2,2-Diphenyl-1-picrylhydrazyl)
radical. The free radical scavenging assay was
calculated using absorbance values at the end
of 30 minutes at 517 nm. Standard (Ascorbic
acid) and free radical scavenging capacities of
extracts and were calculated as 1Cso (Mg/L).
ICso values were calculated using the graphs
obtained from the scavenging and remaining
equations are given:

Remaining (%) = [1 - (Acontrol - Asample) /Acontrol] x 100,

Scavenging (%) = [(Acontrol— Asample) / Acontrot] X 100.

Hydrogen Peroxide Scavenging Assay

For determining H2O; scavenging capacity
was applied Ruch procedure (Ruch et
al.,1989). According to this procedure, 3.5 mL
of the extracts or standard were mixed with
500 pL of H,O,. Absorbance was measured at
230 nm wavelength 10 minutes after the
addition of hydrogen peroxide.

Results
HPLC Analyses

As seen in Table 2, eight different
flavonoids such as eleutheroside, taxifolin,
naringin, myricetin, quercetin, butein, luteolin
and campherol in the extracts were
investigated using HPLC method. Flavonoid
amounts in extracts determined at the range of
15.300 and 70.771 (eleutheroside), 14.462
and 58.518 (taxifolin), 75.776 and 2028.88
(myricetin), 84.374 and 2578.03 (naringin),
46.641 and 3885.4 (quercetin), 5.603 and
40.756 (butein), 2.329 and 82.081 (luteolin),
18.512 and 32.000 (campherol) as ng.g*
plant. Among the tested flavonoids, the
highest flavonoid concentration was found in
naringin in the methanol-water extract.

Flavonoids (ng.g* plant)

Solvents Eleutheroside Taxifolin Naringin Mpyricetin Quercetin Butein Luteolin Campherol
Pure Water 36.096 25514 11849 2028.880 3885.400 40.756 41.502 -

Ethanol 70.771 28.545  2578.030 129.900 65.351  5.603 31.807 32.000
Etyl Acetate 15.300 58.518 84.374 75776  90.672  18.534 21.514 28.664
Methanol-Water 23.530 14.462  4287.380 551.530 46.641 - 2329 -
Methanol 40.015 44480  2222.800 55.979 28471  27.540 82.081 18.512

(-) Flavonoid was undetected
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GC-MS Analysis (%15.89), 6-Thujone (%12.71), a-pinene

As a result of the GC-MS analysis was
performed, 50 compounds were found in the
essential oil of T. praecox and the main
components were given in Table 3. The main
components detected a-terpinenyil-acetate

Table 3. Main components of thyme essential oil.

(%10.46), 1,8-Cineole (%7.49) and Camphor
(%6.89). In the essential oil of thyme have
been mostly detected terpene and terpene-
derived compounds.

Components Area % Retention Time
a-terpinyl-acetate 15.89 24.923
3-Thujone 12.71 15.876
o-pinene 10.46 9.066
1,8-Cineole 7.49 12.892
Camphor 6.89 17.348
Thujone 5.04 16.285
Caryophyllene 4.61 27.282
D-Limonene 3.99 12.803
Camphene 2.66 9.595
Germacrene-D 243 29.296
Endo-Borneol 2.21 18.193

Mineral Analyze

In thyme (leaf, flower and stem), the
highest concentration was found to be
Calcium (Ca) and the lowest concentration
was Chromium (Cr). In thyme, the contents of
Ca, Al, Fe, K, Cr, Mn, Ni, Cu, Na, Mg, Ba, Se,
and Zn were found as 40000.83, 100.981,

93.0, 13.800, 0.121, 6.510, 0.729, 0.970,
100.944, 2300, 12.212, 0.403, 4.134 and
0.178 pg.g?, respectively. Relative Standard
Deviation (RSD %) values calculated based
on the results obtained were given in Table 4.
It was seen that in Table 5 RSD % values
obtained from all processes are < 9.189.

Table 4. The results of ICP-OES analysis (ug.g* plant) (n = 3).

Al Ca Fe K
100.981+0.023 40000.83%0.045 93.0+0.015 13.800+1.059
Cr Mn Ni Cu
0.121+0.046 6.510£1.000 0.729+0.174 0.970+0.166
Na Mg Ba Se
100.944+0.005 2300+0.120 12.212+0.896 0.403+0.245
Zn Pb
4.134+1.468 0.178+0.164
Table 5. RSD results (n = 3)
Al Ca Fe K Na Mg Ba
1.143 0.113 1.597 0.767 0.271 0.518 0.734
Cr Mn Ni Cu Zn Pb Se
3.778 1.536 2.386 1.712 3.551 9.189 6.065
Antibacterial Activity were more resistant to S. aureus with

The activities of the five thyme extracts to
the bacteria were investigated and observed to
be inhibited at different ratios against the
bacterium. In antibacterial experiments,
among the selected bacteria, thyme extracts
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inhibition zone in the range of 0.6-18 mm. The
highest inhibition zone diameter (8-18 mm)
was obtained in Staphylococcus aureus
ATCC 25923 bacteria. S. aureus was inhibited
an 18 mm inhibition zone in the pure water
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extract. The other inhibition zones of S.
aureus are shown for five different solvents in
Figure 2. The lowest inhibition zone diameter,
respectively, were for methanol, ethanol, ethyl
acetate, methanol-water and pure water
extract against S. aureus.
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Figure 2. Inhibition zones of Staphylococcus
aureus ATCC 25923 bacteria against 5
different solvents

Antioxidant Activity

DPPH and H,0, scavenging assays were
used to investigate the antioxidant activities of
T. Praecox and it was found to vary according
to the use of solvents and methods. It was
embraced that the differences in total phenolic
amounts affected to their antioxidant
capacities. The results show that thyme
extracts are more effective than ascorbic acid
used as an antioxidant standard. These
numerical values are given in Table 6. As seen
in Table 6, the highest phenolic content was
determined in the ethanol extract (44.56)
followed by the ethyl acetate extract (43.93).
Furthermore, the maximum flavonoid content
was also determined in ethyl acetate extract

(2.86). The DPPH and H;O. scavenging
activities were tested and the half-maximal
inhibitory concentration (ICso) determined as
depending on extract concentration. The
scavenging and remaining graphs of the
DPPH assay were plotted (Figure 3) and the
ICso value of ascorbic acid was calculated
using these graphs. In the DPPH free radical
scavenging assay, the maximum ICso value
was determined in ethyl acetate extract
(698.09) and H,0, scavenging assay was also
found in the methanol-water extract (1167)
while the 1Cso value for ascorbic acid was
measured as 67.24. So that the results show
that thyme extracts are more effective than
ascorbic acid antioxidant standard (Table 6).
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Figure 3. a) Ascorbic acid DPPH radical
scavenging rates b) Ascorbic acid DPPH
radical remaining rates

Table 6. Antioxidant activity, total phenolic and flavonoid content

Solvents Phenolics Flavonoids H20, ICso DPPH ICs
(ngmL? (ngmL™) (ngmL?) (ng.mL™)
Pure water 17.37 2.1 447 497.72
Ethanol 44,56 1.04 396 517.93
Ethyl Acetate 43.93 2.86 1056 698.09
Methanol-Water 26.12 1.36 1167 438.76
Methanol 34.87 2.15 554 444.74

70



Kastamonu Uni., Orman Fakiiltesi Dergisi, 2021, 21(1): 65-73

Kastamonu Univ., Journal of Forestry Faculty

Sener et al.

Discussion

In this study, the chemical composition,
antioxidant and biological activities of T.
praecox were investigated. The flavonoid
content of thyme extracts, compounds of the
essential oil of thyme and mineral content of
thyme extracts were determined using HPLC,
GS-MS and ICP-OES devices, respectively.
Chromatographic analysis of essential oil of
thyme has been found to contain many
terpenes and terpene-like structures. The
results of GC-MS analysis revealed that found
compounds are typical components of other
Thymus species (Stah-Biskup, 1991). Most of
the volatile terpenoids in Thymus oils belong
to the monoterpene group and sesquiterpenes
are always present as a small component, with
a few exceptions (Mahboubi et al., 2017).
Also, terpenoids have been reported to play an
important role in the biological activities of
thyme oils (Mahboubi et al., 2017). Previous
studies have investigated the content of
chemical components in the essential oil of
Thymus and have reported that the chemical
composition of essential oils depends on
various factors (harvest season, collection
site, environmental factors, preparation and
extraction method and growth process)
(Zarshenas et al., 2015). In addition, previous
studies were indicated that the main
components of thyme species such as
Origanum (Chun et al., 2005), Satureja (Oke
et al., 2009), Thymbra (Delgado-Adamez et
al.,2017), Thymus (Bounatirou et al., 2007;
Loziené, et al., 2007; Petrovi¢ et al., 2016) and
Corydothymu (Goren et al., 2003) are
important as antibacterial and antioxidant
(Koparal et al., 2003).

It was seen that results of mineral analysis
are similar to the results of many studies:
Kilig, S. carried out the determination of
elements in five different plants including
thyme and their essential oils (Kilig et al.,
2018). She has determined six elements with
the ICP-OES and the lowest concentration
was also found Chromium (Cr). Satyal, P. et
al. investigated the mineral content in the
thyme and also, they found that the lowest
mineral content was in the Thymus vulgaris
(Ruch et al., 1989) Furthermore, they
determined that the highest concentration
among the elements was Ca.
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A great deal of researches has been done
on the antibacterial activities of thyme species
(Stahl-Biskup et al., 2002; Jean et al., 2009)
Ruiz-Navajas, Y. et al. claimed that oils from
Thymus species contain important bioactive
compounds with antibacterial activity on
bacteria (Ruiz-Navajas et al., 2012). Among
the two endemic species of thyme, T.
piperella EO found that it was much more
effective than T. moroderi EO and linked it to
its chemical composition. They also
emphasized that Gram-positive bacteria have
a much greater effect than Gram-negative
bacteria. Tepe et al. (2005) tested the
antibacterial activity of Thymus hyemalis on
many bacterial strains and found that they did
not affect Enterobacter aerogenes, Klebsiella
pneumoniae, P. aeruginosa, L.
monocytogenes and Pseudomonas
fluorescens. They stated that the most
effective microorganisms were S. aureus,
Enterococcus faecalis, Bacillus cereus and B.
subtilis. Ballester-Costa et al. (2017)
suggested that the antibacterial properties of
thyme stemmed from terpenes in thyme oil.

Since the antioxidant and antibacterial
activities of medicinal plants largely depend
on the presence of terpene and terpene-like
structures in essential oil, it is clear that the
main components of T. praecox can be a
valuable natural source of antioxidants for
food preservation, pharmaceutical and
alternative treatment purposes. T. praecox can
be a commercial source thanks to its
flavonoids. In the mineral analysis of T.
Praecox, it was determined that it was at a
level that would not pose any risk for human
health and that it was acceptable for daily dose
intake.

This study contributed to the literature by
examining the chemical composition of T.
praecox which is a medicinal and aromatic
plant. The future study may focus on
investigating the properties of different thyme
species, antifungal and cytotoxic activity and
investigating the relationship  between
chemical composition and biogeography and
climate and soil parameters.
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