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Abstract: The term “thyme” does not refer to herbs that belong to a single species. The genera Thymus, Origanum, 
Satureja and Thymbra of the  family Labiatae are traditionally named as thyme and locally known as ‘kekik’. Unlike 
Turkey, these species are globally called differently. Spices made of Origanum, Thymus and Satureja are called oregano, 
thyme and savory, respectively. It is often difficult to differentiate them because of their similar smell and appearance. 
Most commercial products traded as a mixture of those genera and the mixing together of different species may lead to 
economically motivated adulteration and a product of reduced value. The species were analysed by LC-ESI-QTOF-MS 
and a comprehensive statistical workflow was designed. The data of methanolic extracts were assessed and an extraction 
algorithm was employed for the processing of raw data. Five species were discriminated using principal component 
analysis (PCA) and hierarchical cluster analysis (HCA). The results of PCA and HCA were consistent with each other. 
Twenty-one metabolites were determined for the discrimination.
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Turkey is located in the gene centre of the family La-
biatae and there are 45 genera, 556 species and 741 taxa 
belonging to this family in Turkey (Davis 1982). The term 
“thyme” does not refer to herbs that belong to a  single 
species. The  genera Thymus, Origanum, Satureja, Th-
ymbra and Coridothymus that are members of the fam-
ily Labiatae are traditionally named as thyme and com-
monly called as “kekik” in Turkey. They are marketed 
as the  same due to their similar appearance and smell 
(Sancaktaroğlu & Bayram 2011). However, spices derived 
from the  genus Origanum, Thymus and Satureja are 
called differently globally and they are known as oregano, 
thyme and savory, respectively, in the other countries.

There are 78 species, of which 39 are endemic, that be-
long to these five genera in Turkey (Başer & Arslan 2016). 
The  genus Thymus, Origanum, Satureja, Thymbra and 
Coridothymus are represented by 38, 23, 14, 2 and 1 spe-
cies, respectively, in Turkey (Davis et al. 1988). They smell 

similarly owing to the presence of thymol and carvacrol 
as main components in their essential oils. Carvacrol and 
thymol are monoterpenoid phenol compounds and are 
isomers of each other which have pharmacological prop-
erties including antibacterial, antifungal, anthelminthic, 
insecticidal, analgesic and antioxidant activities (Koparal 
&  Zeytinoğlu 2003; Chishti  et  al. 2013; Nagoor Meer-
an et al. 2017; Bedoya-Serna et al. 2018).

Origanum onites  L. is the  most widely cultivated 
oregano species, followed by O. vulgare subsp. hirtum. 
They are used in the  production of essential oils and 
they have a high economic value. Turkey is considered 
to be one of the largest oregano exporter countries (ap-
proximately 50% of world trade) in the world. Turkey’s 
major export markets are USA, Canada, France, Hun-
gary and Poland (Öztürk  et  al. 2012; Samet &  Cikili 
2015). Generally other species are mostly consumed 
as spices and herbal tea in local markets.
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The  similarity of  the  genus Thymus, Origanum, 
Satureja and Thymbra leads to confusions and eco-
nomically motivated adulteration since their nutri-
tional quality and economic values are very different 
(Gad et al. 2013). Studies have shown that a high level 
of heterogeneity and adulteration may be determined 
in thyme samples which are exported to the European 
Union (Marieschi  et  al. 2009). Detailed information 
and differentiation of metabolites are needed for their 
objective identification and quality control. In recent 
years, a  metabolomics approach combined with mul-
tivariate data analysis has been widely used for dis-
crimination, authentication, and quality assessment 
of plants, crops and herbal medicines (Sawada & Hirai 
2013; Liu  et  al. 2016; Abu-Reidah  et  al. 2019). Spec-
troscopy, mass spectrometry (MS) and nuclear mag-
netic resonance (NMR) are the most popular analytical 
methods in metabolomics (Deborde et al. 2017; Soni-
bare et al. 2018; Awina et al. 2019). LC-MS-based un-
targeted metabolomics with high sensitivity provides 
an ideal procedure for the  analysis of a  wide range 
of non-volatile metabolites (Farag et al. 2014; Defern-
ez et al. 2017; Tao et al. 2018).

The aim of this study was to identify the diversity 
of some species from the family Labiatae through an 
untargeted metabolomics approach based on the use 
of LC-ESI-QTOF-MS followed by multivariate analy-
ses. PCA and HCA were used as chemometric tech-
niques. Moreover, the  potential chemical markers 
for discrimination of the species were selected from 
the identified components.

MATERIAL AND METHODS

Plant material. In this study, a  total of 60 samples 
from five different species which are called “kekik” 
(Origanum onites  L., Origanum vulgare subsp. hir-
tum, Thymus vulgaris L., Thymbra spicata var. spicata 
and Satureja hortensis  L.) were used as plant mate-
rial. The  samples were obtained from Medicinal and 
Aromatic Plants Research Area, Department of Field 
Crops, Agricultural Faculty, Bursa Uludağ University 
during the 2017 vegetation period. Taxonomic identifi-
cation of the species was made according to the “Flora 
of Turkey” (Davis et al. 1988) at Biology Department, 
Science & Art Faculty, Bursa Uludağ University. Origa-
num onites L., Origanum vulgare subsp. hirtum, Thy-
mus vulgaris L. and Thymbra spicata var. spicata are 
perennial, Satureja hortensis L. are annual plants. Har-
vesting dates changed according to species that were 
harvested during 50% of flowering period. 500 grams 

of each harvested plant were dried in the shade at 24 °C 
and 45% relative humidity, then the  leaves and stems 
were separated by hand. Dried leaves were ground us-
ing a mill and homogenized before analysis.

Chemicals. MS quality methanol was purchased from 
Merck and ammonium acetate, a mobile phase additive, 
was obtained from Sigma Aldrich (Germany). Ultra-high 
purity water was prepared by a Milli-Q system (USA).

Preparation of samples. Five grams of homogenized 
sample mixture were weighed into 50 mL plastic tubes 
and 10 mL methanol/water (50/50) was added before 
homogenisation with Ultra-Turrax. The homogenized 
mixture was centrifuged at 1  699  ×  g for 5  minutes. 
Samples were filtered through a 0.22 micrometer filter, 
taken into a vial and injected into the LC-QTOF (Agi-
lent 6550 iFunnel) device. 

HPLC-Q/TOF-MS analysis. Chromatographic evalu-
ation was carried out with an Agilent HPLC-1260 (USA) 
system equipped with a degasser, quaternary pump and 
automatic injector using a  Poroshell 120  EC reverse 
phase C18 analytical column (4.6 × 100 mm, particle size 
2.7 µm) (Agilent Technologies, USA). The sample injec-
tion volume was 5 µL, at a final flow rate of 0.6 mL min–1. 
The mobile phases were composed of 5 µM ammonium 
acetate in  water and methanol. The  applied gradient 
was as  follows: 0.5  min, 5%  B; 0.5–25  min, 5–95%  B; 
25–28  min, 95%  B; 28–29  min, 95–5%  B; 29–33  min, 
5% B. The analysis was performed in the negative ioniza-
tion mode with the mass range setting at m/z 100–2 500.

Separated components were detected with liquid 
chromatography-quadrupole-time of flight system 
(LC-ESI-Q-TOF, Agilent 6550; Agilent Technologies, 
USA) equipped with an ESI interface. The  instru-
ment parameters were optimized automatically using 
the Agilent tune mix solution to maximize signal inten-
sity and maintain acceptable resolution. The optimized 
instrument conditions were set as  follows; drying N2 
gas flow rate, 14 L min–1; temperature, 175 °C; nebuliz-
er, 45 psig; capillary voltage of 3 500 V; fragmentor 300; 
skimmer, 65 V. The reference masses 121.0509 (Purine) 
and 922.0098 (HP-0921) were used for internal mass 
calibration. Each sample was analysed in triplicate.

Data processing and statistical analysis. The  data 
obtained from the  LC-QTOF has been collected and 
evaluated with the aid of Agilent MassHunter software 
(Version B 05.00 Qualitative Analysis; Agilent Technol-
ogies, USA) and then converted to compound exchange 
format (CEF). CEF file format is used to exchange data 
between Agilent MassHunter software and MassHunt-
er Mass Profiler Professional (MPP) software package 
2.0 (Agilent Technologies, USA). The data was charac-
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terized by retention time (RT), abundance, and accurate 
mass. MPP software was used in differential analysis to de-
termine relationships between different species. Principal 
component analysis (PCA) and hierarchical clustering 
analysis (HCA) were performed by MPP software.

RESULTS AND DISCUSSION

To assess the  differences in metabolite composition 
of five species from the  family Labiatae, an untarget-
ed metabolite profiling of extracts derived from dried 
leaves was conducted. Metabolomics workflow was ap-
plied in the following order: Sample preparation, sepa-
ration, data collection, feature finding, statistical analy-
sis and compound identification. Q-TOF MS with an 
electrospray ionization source was used because of its 
high selectivity, high resolution and great mass accu-
racies, which makes it suitable for fast fingerprinting 
of complex plant extracts (Mauri & Pietta 2000). Dur-
ing the  method development some settings were ap-
plied to the LC mass system in order to obtain as many 
compounds as possible for metabolite profiling; ioni-
zation mode, mobile phases and flow rate were tested. 
The negative ion mode was chosen for the analysis due 
to relatively higher intensities of most metabolites com-
pared with those in the  positive mode and the  maxi-
mum separation for polar metabolites was achieved by 
using 5mM ammonium acetate at 0.6 mL min–1. Repre-
sentative total ion chromatograms (TIC) of Origanum 
onites L., Thymbra spicata var. spicata, Satureja horten-
sis L., Origanum vulgare subsp. hirtum and Thymus vul-

garis L. in the negative ation mode are given in Figure 1. 
To check the  reproducibility of metabolite retention 
times (RT), repeated measurements were performed, 
and the variability of RT was found less than 7%.

The data files were processed, and compounds were 
extracted from the raw data using the Molecular Fea-
ture Extraction (MFE) algorithm in MassHunter quali-
tative analysis software.

The MFE algorithm is an easy way to mine information 
from complex data and it is designed to find the true ion 
signals in the total ion chromatogram (Sana et al. 2008). 
This chromatographic deconvolution step cleans data 
background ion noise and generates a  list of MFs con-
sisting of retention times (RT) and molecular masses. 
All  compounds were characterized by accurate mass, 
their abundance and retention time. The initial MFs were 
filtered with the following MFE parameters; peak height 
higher than 5 000 counts, mass tolerance 5 ppm, nega-
tive ions; compound quality score of > 80, isotope group-
ing peak spacing tolerance 0.0025  m/z plus 7.0  ppm. 
This  step is useful for reducing the  dimensionality 
of  the data set prior to PCA and to select the most char-
acteristic marker compounds for species discrimination.

The list of molecular features was converted to com-
pound exchange format (.CEF file) and exported to MPP 
software for differential analysis to determine relation-
ships between samples. The data on the retention time-
molecular mass of approximately 2  552  compounds, 
which was obtained as a result of MS data of different 
species, was prepared for analysis; data  preparation 
includes grouping, filtering, alignment, normalization, 

Figure 1. Representative total ion chromatograms (TIC) of species in the negative ion mode of methanol/water extracts 
(-ESI TIC Scan Frag)

Counts vs. acquisition time
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-ESI TIC Scan Frag = 300.0 V Thymus vulgaris L.
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and baselining. To reject low intensity data during fil-
tering, minimum absolute abundance was determined 
as 5  000  counts. Tolerance values were 0.15 min for 
retention time and 2.0  mDa for mass spectral simi-
larity to align the molecular features across the sam-
ples. According to selected RT and mass tolerances, 
the mass versus RT table (Figure 2) has been obtained 
which displays scatter plots of compounds. In the mass 
vs. RT  table, replicate samples are expected to have 
a  similar number of present and absent compounds. 
Compounds with a low incidence in samples are shown 
in red, on the other hand, compounds with a high inci-
dence are shown in blue.

The number of features contributing to the differen-
tiation of the species was very high (2 552 features), and 
therefore it was reduced by selecting the most abun-
dant features discriminative between different species. 
The  frequency of these compounds was determined 

according to the number of detections in the samples. 
Entities were filtered based on their frequency values. 
Retained entities that appeared in at least 100% of sam-
ples in at least one condition were defined for filtering 
conditions. As it is shown in Figure 3 after the filter-
ing process, 560 entities were retained in which 100% 
of the values in any 1 out of 5 conditions had acceptable 
values and were used in subsequent steps.

After pretreatment of data, principal component anal-
ysis (PCA) and hierarchical clustering analysis (HCA) 
were performed in MPP software to evaluate sample 
clustering according to the different species and to find 
groups of data. Principal component analysis (PCA) 
is a  powerful statistical tool commonly performed in 
metabolomics for identification and grouping of sam-
ples due to similarity in the  metabolic profile (Kirk-
wood et al. 2013). Considering the analytical data, PCA 
was able to  discriminate among varieties. As  a  result 

Figure 2. Mass vs retention time (RT) table displaying a scatter plot of compound

Figure 3. Frequency graph according to detection numbers of compounds in samples
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of PCA analysis, it has been observed that samples of   
Origanum onites L., Origanum vulgare subsp. hirtum, 
Satureja hortensis L., Thymbra spicata var. spicata and 
Thymus vulgaris L. formed different groups. The result 
of the PCA in a 3D scatter plot is shown in Figure 4.

The 3D scatter plot shows each species in different col-
our and samples from the same species are very close to 
each other in each group. Entities were filtered on their 
P-values calculated from statistical analysis. To assess 
the differential significance among the species the anal-
ysis of variance (ANOVA) test was applied with P-value 
cut-off ≤ 0.05 and fold change cut-off 2.0 using the Ben-
jamini-Hochberg multiple testing correction. As a  re-
sult of PCA conducted with the use of MS data, the first 
component (X-axis) has been determined as 33.13%, 
the second component (Y-axis) as 26.26% and the third 
component (Z-axis) as 15.02%. Good resolution among 
samples representing the  respective species was ob-
tained for the negative ionization mode. In the next step 
HCA was conducted with normalized intensity values. 
HCA is a powerful method to uncover subgroups with-
in a dataset, permitting observations with similar abun-
dance profiles to merge into clusters. In HCA the “Eu-
clidean distance” was selected for measurement. 
The  result is displayed as a  dendrogram in Figure  5.  
Five species were divided into three main clusters in ac-
cordance with their metabolic profiles. Cluster 2 was sub-

divided into two subclusters of T. spicata and T. vulgaris 
while cluster 3 was subdivided into those of O. vulgare 
and S. hortensis. Cluster 1 comprised the single species 
O.  onites. Results of HCA were consistent with those 
of PCA, suggesting that the analysis methods and data 
processing in this study are reliable.

As a  result of chemometric analysis, differential me-
tabolites were identified among the species. Twenty-one 
compounds were selected to be the  potential chemi-
cal markers for discriminating thyme species because 
of their characteristic distribution (relative higher abun-
dance, %) in the specific thyme species. The list of marker 
compounds for O. onites, T. spicata, S. hortensis, O. vul-

Figure 5. Results of HCA analysis conducted with MS data 
on the samples.

Figure 4. Results of PCA analysis conducted with MS data using negative electrospray ionization of species within the 
three principal components (PCs)
PCs – 74.4% of the total variance, with 33.13% in the first dimension (X-Axis), 26.26% in the second dimension (Y-Axis) 
and 15.02% in the third dimension (Z-Axis)
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gare and T. vulgaris with m/z and monoisotopic mass are 
given in Table 1. However, molecular mass alone cannot 
unambiguously assign the  molecular formula because 
of analytical constraints, so further confirmation by 
the characteristic MS/MS spectra or by other techniques 
such as NMR or isotope ratio is needed for the confirma-
tion of compounds. Clear separation of the  samples in 
PCA and uniform clustering results in HCA both show 
that LC–QTOFMS coupled with chemometric analysis 
is a valid and accurate approach to discriminate different 
species from the family Labiatae.

CONCLUSIONS

The goal of this metabolic fingerprinting study was 
to determine the  differences in the  metabolomes 
of five species from the  family Labiatae. The  LC–
QTOFMS technique together with chemometric 
approach was successfully used for discrimination 
of five different species of the family Labiatae. As a re-

sult of multivariate analysis, several key metabolites 
were determined for the  discrimination of species. 
The  selected metabolites could be used for authen-
tication and quality assessment of different species 
from the  family Labiatae. The  HPLC-QTOF/MS-
based metabolomics approach is demonstrated to be 
an effective method for differentiation of different 
species from the family Labiatae which are important 
export products. As a perspective of this work, it has 
been planned to make further research on confirma-
tion and targeted quantification of markers selected 
in this paper to improve authentication and quality 
control of thyme species on a routine basis.
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