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A B S T R A C T

The present study was designed to delineate the chemical characterization of four Centaurea species sampled
from Turkey. The chemical profiles were determined by UHPLC-ESI/HRMS and multiple correspondence ana-
lysis were carried out to observe variabilities of the tested extracts. To study the variability of the four samples,
16 qualitative variables represented by the 16 compounds (some acylquinic acids including 3-Caffeoylquinic, 5-
Caffeoylquinic and 5-Feruloylquinic acids) have been used to perform the multiple correspondence analysis.
There groups were recorded in the cluster analysis. The first group is represented by C. urvielli subsp. hayekiana
and C. kotschi var. persica species while the second and third group is composed of C. drabifolia subsp. detonsa and
C. patula, respectively. Finding presented herein has established baseline data that could spark further studies on
the pharmacological potential of these Centaurea species.

1. Introduction

Centaurea L. (tribe: Cynareae) is one of the largest genus of the fa-
mily Asteraceae. The genus is represented by more than 700 species,
predominately distributed around the Mediterranean area and in West
Asia (Taşar et al., 2018). Turkey is one of the main centres of origin of
this genus, particularly in central, southwest and east of the Anatolia
(Kilic and Bagci, 2016) and regarded as the third largest genus after
Astragalus and Verbascum in Turkey (Biyikoglu et al., 2018). In Turkey,
Centaurea is represented by 194 taxa, of which 118 are endemic and it is
the richest genera in terms of endemic species with the rate of 64%
(Taşar et al., 2018). The members of the genus are annual, biennial, or
perennial plants and they are rarely evergreen large shrubs (Janaćković
et al., 2008). The species are commonly known as star-thistle, corn-
flower and knapweed (Albayrak et al., 2017).

During the past decade, several studies have systematically ana-
lyzed the consumption and gathering of medicinal plants in World in-
cluding Turkey (Arık, 2018; Islam et al., 2019; Nadiroğlu and Behçet,
2018). Interestingly, in the Turkish traditional medicine, the plants of
Centaurea genus are used as natural medications for treating various
ailments such as stomach ache, abscesses, asthma, headache,

hemorrhoids, diarrhea, hyperthermia, stypsis, cardiac disorder, embo-
lism and rheumatoid arthritis (Korga et al., 2017; Polat, 2018; Zater
et al., 2016; Zengin et al., 2016b). Several reports have highlighted on
important biological activities from Centaurea species. For instance, the
methanolic extract obtained from Centaurea iberica has been reported to
exhibit remarkable wound healing properties and a significant, dose-
dependent anti-inflammatory activity in vivo (Koca et al., 2009).
Chloroform extracts of C. cuneifolia, C. kilaea and C. salicifolia have
exhibited pronounced in-vitro antioxidant, anti-inflammatory and anti-
cancer activity against human hepatocellular cancer HepG2 cell line
(Sekerler et al., 2018). Tatlı et al. (2009) have been reported on the
anti-inflammatory and anti-nociceptive effects C. drabifolia subsp. dra-
bifolia. A series of phytochemical studies on Centaurea species have
revealed that the plant contains a diverse number of compounds in-
cluding sesquiterpenes (Marco et al., 2005; Saroglou et al., 2005), fla-
vonoids (Ahmed and Kamel, 2014; Mishio et al., 2015; Uddin et al.,
2017), alkaloids (Hodaj et al., 2017), lignans (Hodaj et al., 2017),
steroids, triterpenes, hydrocarbons, polyacetylenes, anthocyanins
(Kilic, 2013; Mishio et al., 2015; Sen et al., 2017).

Previously, Zengin et al. (2010) have reported the C. patula possess
remarkable antioxidant property and significant amount of essential
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fatty acids, with α-linolenic acid as the major fatty acid. Another report
has revealed the presence of spathulenol, n-hexadecanoic acid, 1-pen-
tadecene and phytol as the major components of the essential oils from
C. patula (Zengin et al., 2016a). While Centaurea urvillei subsp.
hayekiana has been documented to possess moderate antioxidant ca-
pacity and high content of linoleic acid and oleic acid (Zengin et al.,
2011). The inhibitory activity against key physiological enzymes in-
volved in common pathologies such as neurodegenerative diseases
(cholinesterases – AChE and BChE), hyper-pigmentation (tyrosinase)
and diabetes (α-amylase and α-glucosidase) of the ethyl-acetate and
chloroform extracts of Centaurea patula, Centaurea urvielli subsp.
hayekiana, Centaurea kotschi var. persica, Centaurea drabifolia subsp.
dentosa have been reported (Zengin et al., 2016b).

In our continuous attempt to search for potential therapeutic com-
pounds from plants from this genus for the management of chronic
diseases, the present work was designed to establish the chemical
profile of four Turkish Centaurea species (Centaurea patula, Centaurea
urvielli subsp. hayekiana, Centaurea kotschi var. persica, Centaurea dra-
bifolia subsp. dentosa). The main aim was to evaluate and compare the
chemical profile of these four species that could spark the development
sustainable phytomedicines. The chemical profiles were determined by
ultra-high-performance liquid chromatography–electrospray/high re-
solution mass spectrometry (UHPLC-ESI/HRMS) and multiple corre-
spondence analysis were carried out to observe variabilities of the
tested extracts.

2. Materials and methods

2.1. Plant material and extractions

Centaurea species (Centaurea patula, Centaurea urvielli subsp.
hayekiana, Centaurea kotschi var. persica, Centaurea drabifolia subsp.
dentosa.) were collected in May and June 2009 from Konya, Turkey.
The plants have been identified by Dr. Tuna Uysal and Dr. Evren
Yıldıztugay, Faculty of Science, Selcuk University. The voucher speci-
mens have been deposited in KNYA herbarium at Department of
Biology, Selcuk University.

The aerial parts (as mixed) were divided and dried for 10 days at the
room temperature. Then, these samples were powdered with a la-
boratory mill. The dried plants (10 g) samples were macerated with
methanol (200ml) until the solvent become colorless. Methanol was
preferred as one of the most used solvent to extraction of phenolic
(Belwal et al., 2018; Boeing et al., 2014). Then, the extracts were fil-
tered. After filtration, the extracts were concentrated using a rotary
evaporator under vacuum at 40 °C. The extracts were stored at +4 °C
until further analysis.

2.2. UHPLC-ESI/HRMS

Protocatechuic (1), neochlorogenic acid (2), chlorogenic acid (3),
caffeic acid (4), orientin (6), vitexin (7), quercetin-3-O-glucoside (8),
luteolin-7-O-rutinoside (10), luteolin-7-O-glucoside (11), isovitexin
(12), quercetin (13), apigenin (14) and luteolin (16) were obtained
from Extrasynthese (Genay, France).

UHPLC-ESI/HRMS were acquired on LC/HRMS system consisting of
an Q Exactive Plus (ThermoFisher Scientific, Inc., Bremen, Germany)
mass spectrometer, equipped with a heated HESI-II source coupled to a
UHPLC system Dionex Ultimate 3000RSLC (ThermoFisher Scientific,
Inc.). Chromatographic separation was achieved on a AkzoNobel
Kromasil ExternityXT-1.8-C18 (Bohus, Sweden) narrow-bore column
(2.1×100mm, 1.8 μm), equipped with Phenomenex Security Guard
ULTRA UHPLC EVO C18 (Torrance, USA) and maintained at 40 °C. The
instrument parameters for negative mode were as follows: spray voltage
was 2.5 kV, sheath gas 38 psi and auxiliary gas 12 a.u., while all other
parameters were the same as in positive mode. Mass resolution in full
scan mode in mass range m/z 100–1500 was set to 70000 FWHM (at m/

z 200), while in data dependent MS/MS was 17500 FWHM (at m/z 200)
and 1.0 amu isolation window of precursor ions was used for structural
elucidation studies. All solvents were of LC-MS grade and were pur-
chased from Ficher Scientific (Waltham, USA). The proposed structures
were theoretically studied by Mass Frontier 5.1 Software
(ThermoScientific Co, USA).

2.3. Data evaluation

Multiple correspondence, cluster and biplot analysis were carried
out to observe variabilities of the tested extracts. The statistical pro-
cedures were performed by R software v. 3.5.1.

3. Results and discussion

3.1. Chemical composition

In the present study, IUPAC numbering system was used for the
acylquinic acids and they summarized in Table 1. Their assessment was
carried out according to the hierarchical key for identification of phe-
nolic acids of (Clifford et al., 2003). Total ion chromatograms of studied
Centaurea species are presented in Fig. S1. Also, Table S1 shows iden-
tified compounds with analytical parameters. The collision-induced
dissociation (hcd 25) corresponded to MS3 spectra of Cliford's hier-
archical key. Two isobaric compounds (2 and 3) shared the same de-
protonated molecule [M-H]- at m/z 353.089 (Table 1). In (−) ESI/MS/
MS both precursor ions produced a base peak (100%) at m/z 191.055

Table 1
Peak assessment of phenolic compounds in methanol extracts of Centaurea
species.

Peak № [M-H]- m/z
Molecular formula

Proposed compound

1 153.0181
C7H5O4

Protocatechuic acida,b,c,d

2 353.0887
C16H17O9

3-Caffeoylquinic acidb,c

3 353.0894
C16H17O9

5-Caffeoylquinic acidb,c,d

4 179.0340
C9H7O4

Caffeic acida,b,c

5 367.1031
C17H19O9

5-Feruloylquinic acida,b,c,d

6 447.0926
C21H19O11

Orientina,b,c,d

7 431.0982
C21H19O10

Vitexin a,b,c,d

8 463.0884
C21H19O12

Quercetin-3-O-glucosideb,c,d

9 493.1923
C21H33O13

Patuletin-O-hexosidea,d

10 593.1511
C27H29O15

Luteolin-7-O-rutinosideb,c,d

11 447.0927
C21H19O11

Luteolin-7-O-glucosidea,b,c,d

12 431.0979
C21H19O10

Isovitexin a,b,c,d

13 301.0354
C15H9O7

Quercetina,b,c,d

14 269.0454
C15H9O6

Apigenina,b,c,d

15 299.0560
C16H11O6

Hispidulina,b,c,d

16 285.0402
C15H9O6

Luteolina,c,d

∗Tentative identification.
a Centaurea patula.
b Centaurea urvielli subsp. hayekiana.
c Centaurea kotschi var. persica.
d Centaurea drabifolia subsp. detonsa.
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[quinic acid-H]- corresponding to the loss of caffeoyl moiety. In addi-
tion, 2 gave abundant fragment ion at m/z 179.034 [M-H-174]- (79.2%)
indicating a caffeoyl residue supported by the fragment ions at m/z
135.044 [caffeoyl-H-CO2)]- (7.6%) and 161.023 [caffeoyl-H-H2O)]-.
Concerning 3, fragment ions at 179 and 135 showed lower abundance
(below 2%). By comparison with reference standards, 2 and 3 were
identified as neochlorogenic (3-caffeoylquinic) and chlorogenic (5-caf-
feoylquinic) acid, respectively. In the same way, 5 ([M-H]−at m/z
367.103) was assigned as 5-feruloylquinic acid (Table S1).

Compounds 1 ([M-H]−at m/z 153.018) and 4 ([M-H]−at m/z
179.034) afforded base peaks at m/z 109.028 and 135.044 [M-H-CO2]-,
respectively, indicating a loss of CO2. They were identified as proto-
catechuic and caffeic acid, respectively, confirmed by comparison with
reference standards.

MS/MS spectra of the compounds 6 and 11 with [M-H]– at m/z
447.093 were acquired. The prominent ions at m/z 327.051 [M-H-120]-

(100%) and 357.062 [M-H-90]- (33.5%), indicated C-linked hexosyl
unit in compound 6. The aforementioned fragments resulted from the
cross-ring cleavages of the hexose 0,3X− (−90) and (0,2X−) (−120), as
was observed for 8-C-glucosyl-luteolin (orientin) (Zheleva-Dimitrova
et al., 2018). Concerning 11, the loss of a hexose moiety afforded a base
peak at m/z 285.040 indicating O-glycosidic bond. In both 6 and 11, the
aglycone was assigned to luteolin witnessed by the fragment ion at m/z

257.046 [Lu-H-CO]- together with RDA cleavages 1,3B− at m/z 133.029
and 1,3A− at m/z 151.003 in (−) ESI/MS (Table 1). Thus, 11 was
identified as luteolin-O-glucoside. Consistent with the C-8 flavon gly-
cosides fragmentation fingerprint, 7 (vitexin) afforded a base peak at
m/z 311.056 [M-H-120]- supported by m/z 341.066 [M-H-90]-. In line
with our earlier study, C-6 isomer 12 (isovitexin) displayed a base peak
at m/z 431.098 [M-H]- and a low abundant ion at m/z 311.056
(Zheleva-Dimitrova et al., 2018). In both 7 and 12, the aglycone api-
genin was deduced from the low abundant fragment ion at m/z 269.040
(Table S1). The MS/MS spectrum of 10 exhibited prominent fragment
ions at m/z 431.049 [M-H-162]- (0.8%), 285.040 [M-H-162-146]-

(100%) indicating a loss of inner hexose unit and concomitant loss of
hexose and deoxyhexose, respectively. The loss of the internal sugar
residue was in agreement with 7-O-substituted flavon (de Rijke et al.,
2006). Accordingly, 10 was ascribed to luteolin-7-O-rhamnosyl-(1→
6)-glucoside (luteolin-7-O-rutinoside) -, evidenced by comparison with
reference standard.

The MS/MS spectrum of 8 showed a loss of a hexose unit yielding
aglycone at m/z 301.035. supported by the radical aglycone at m/z
300.027 as was seen previously for the quercetin-3-O-glycosides
(Cuyckens and Claeys, 2004). RDA cleavages generated 1,3A− at m/z
151.002 and 1,2B− at m/z 121.028 (Table 1). Thus, 8 was assessed as
quercetin-3-O-glucoside (isoquercitrin). Retention times, fragmentation

Fig. 1. Percentage variability explained by dimensions and relation between the 16 initial descriptors and first two identified factors. A. Percentage variability
explained by dimensions B. and relation between the 16 initial descriptors and first two identified factors.
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patterns and monoisotopic profiles of 6, 7, 8, 10, 11 and 12 were in
good agreement with those of reference standards.

Peak 9 exhibited a loss of a hexosyl moiety [M-H-162]- (100%) at
m/z 331.046 [C16H11O8]- indicating O-glycoside. The fragmentation
pattern involved the fragment ion [Agl-H-15]- at m/z 316.022 sug-
gesting a methoxy group on the aglycone. Moreover, a prominent
fragment ion at m/z 287.301 indicated concomitant losses of CH3

(15 Da) and HCO (29 Da), while the low abundant ion at m/z 243.123

resulted from the loss of (CH3+HCO+CO2). No A- and B-ring frag-
ments were observed. These data was consistent with 6-methoxylated
flavonoid patuletin according to the Justesen's key for differentiation
between methoxylated flavonoids (Justesen, 2001). Thus, 9 was iden-
tified as patuletin-O-hexoside. The fragmentation fingerprint of 15 ([M-
H]- at m/z 299.056) was also consistent with that of 6-methoxylated
flavon, and was tentatively identified as hispidulin.

Regarding 13 (quercetin), the precursor ion at 301.035 afforded a
series of neutral losses at m/z 273.040 [M-H-CO]-, 243.123 [M-
H–CH2O–CO]-, 229.051 [M-H–CO–CO2]-. RDA cleavages generated
1,3A− at m/z 151.002, 1,2A− at m/z 178.997, 1,2B− at m/z 121.028,
0,4A− at m/z 107.012 and [M-B ring]- at m/z 193.014 (Table). In the
same way, the compounds 14 ([M-H]- at 269.045) and 16 ([M-H]- at
285.040) were assigned to apigenin and luteolin, respectively. Typical
RDA cleavages gave 1,3A− at m/z 151.002 (14 and 16), 1,3B− at m/z
133.029 (16) and 117.033 (14). The identification of aforementioned
flavonoid aglycones was confirmed by comparison with authentic
standards.

3.2. Variability analysis of the samples

To study the variability of the 4 samples, 16 qualitative variables
represented by the 16 compounds have been used to perform the
multiple correspondence analysis. The percentage of variability re-
presented by the first two factors (1–2) is 91.6% (Fig 1A). The first
factor summarizing 61.1% of total inertia is defined by the compounds
3-Caffeoylquinic acid, patuletin-O-hexoside, luteolin 7-O-rutinoside,
quercetin 3-0-glucoside and 5-Caffeoylquinic acid (Fig 1B). The second
explaining 30.6% of the total variability is determinated by caffeic acid
(Fig 1B).

The projection of the individuals represented by the samples in the
factorial plane 1–2 is derived from the data based on the presence-ab-
sence of 16 compounds in the different samples (Fig 2A). The graph
analysis completed by a hierarchical classification based on the co-
ordinates of samples on the first two factor of the multiple correspon-
dence analysis generate 3 distinct group (Fig. 2A and B). The first group
is represented by C. urvielli subsp. hayekiana and C. kotschi var. persica
species while the second and third group is composed of C. drabifolia
subsp. detonsa and C. patula respectively.

Biplot analysis of individuals (samples) and descriptors (com-
pounds) shows that all of 4 species together contain 9 molecules which
are, Protocatechuic acid, 5-Feruloylquinic acid, Orientin, Vitexin,
Luteolin-7-O-glucoside, Isovitexin, Quercetin, Apigenin and Hispidulin

Fig. 2. Structuring of the variability observed based on the factorial map of
MCA and the dendrogram AHC. A. factorial map of MCA B. dendogram of AHC
partitioning the samples into three groups.

Fig. 3. Biplot analysis of samples and compounds.
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(Fig 3). 3-Caffeoylquinic acid particularly characterizes the species of
the first group while five compounds namely protocatechuic acid,
quercetin-3-O-glucoside, 5-caffeoylquinic acid, patuletin-O-hexoside
and caffeic acid, are isolated from species belonging to different groups.
The three first compounds are present at the species of the group 1 and
2, the following at the group 2 and 3 and the latest compound at the
group 1 and 3.

4. Conclusion

In conclusion, the study is the first attempt to compare the chemical
profiles of four Centaurea species. Several bioactive compounds have
been identified from these plant species that warrants further evalua-
tion. Finding presented herein has established key baseline data that
could spark further studies on the pharmacological potential of these
Centaurea species and initiate future drug development programmes.

Acknowledgments

The study was supported by Grant D-222/12.12.2018 from the
Medical Science Council at the Medical University of Sofia.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.bcab.2019.101189.

References

Ahmed, S.A., Kamel, E.M., 2014. Cytotoxic activities of flavonoids from Centaurea sco-
paria. Sci. World J. 2014.

Albayrak, S., Atasagun, B., Aksoy, A., 2017. Comparison of phenolic components and
biological activities of two Centaurea sp. obtained by three extraction techniques.
Asian Pacific Journal of Tropical medicine 10, 599–606.

Arık, U.Ö., 2018. Effects of different growing media on growth of Cardopatium cor-
ymbosum (L.) Pers.(Asteraceae). International Journal of Nature and Life Sciences 2,
72–81.

Belwal, T., Ezzat, S.M., Rastrelli, L., Bhatt, I.D., Daglia, M., Baldi, A., Devkota, H.P.,
Orhan, I.E., Patra, J.K., Das, G., 2018. A critical analysis of extraction techniques used
for botanicals: trends, priorities, industrial uses and optimization strategies. Trac.
Trends Anal. Chem. 100, 82–102.

Biyikoglu, O., Çeter, T., Barış, B., 2018. Pollen and achene morphology of some Centaurea
L. taxa (Asteraceae), Turkey. Mellifera 18, 26–36.

Boeing, J.S., Barizão, É.O., e Silva, B.C., Montanher, P.F., de Cinque Almeida, V.,
Visentainer, J.V., 2014. Evaluation of solvent effect on the extraction of phenolic
compounds and antioxidant capacities from the berries: application of principal
component analysis. Chem. Cent. J. 8, 48.

Clifford, M.N., Johnston, K.L., Knight, S., Kuhnert, N., 2003. Hierarchical scheme for LC-
MS n identification of chlorogenic acids. J. Agric. Food Chem. 51, 2900–2911.

Cuyckens, F., Claeys, M., 2004. Mass spectrometry in the structural analysis of flavonoids.
J. Mass Spectrom. 39, 1–15.

de Rijke, E., Out, P., Niessen, W.M., Ariese, F., Gooijer, C., Udo, A.T., 2006. Analytical
separation and detection methods for flavonoids. J. Chromatogr. A 1112, 31–63.

Hodaj, E., Tsiftsoglou, O., Abazi, S., Hadjipavlou-Litina, D., Lazari, D., 2017. Lignans and
indole alkaloids from the seeds of Centaurea vlachorum Hartvig (Asteraceae), growing
wild in Albania and their biological activity. Nat. Prod. Res. 31, 1195–1200.

Islam, A., Rebello, L., Chepyala, S., 2019. Review on Nanoformulations of curcumin
(Curcuma longa Linn.): special emphasis on nanocurcumin. International Journal of

Nature and Life Sciences 3, 1–12.
Janaćković, P., Tešević, V., Marin, P., Milosavljević, S., Duletić-Laušević, S., Janaćković,

S., Veljić, M., 2008. Brine shrimp lethality bioassay of selected Centaurea L. species
(Asteraceae). Arch. Biol. Sci. 60, 681–685.

Justesen, U., 2001. Collision‐induced fragmentation of deprotonated methoxylated fla-
vonoids, obtained by electrospray ionization mass spectrometry. J. Mass Spectrom.
36, 169–178.

Kilic, O., 2013. Essential oil compounds of three Centaurea L. taxa from Turkey and their
chemotaxonomy. J. Med. Plants Res. 7, 1344–1350.

Kilic, O., Bagci, E., 2016. Chemical composition of two endemic Centaurea L. taxa from
Turkey, A chemotaxonomic approach. Journal of Essential Oil Bearing Plants 19,
185–193.

Koca, U., Süntar, I.P., Keles, H., Yesilada, E., Akkol, E.K., 2009. In vivo anti-inflammatory
and wound healing activities of Centaurea iberica Trev. ex Spreng. J. Ethnopharmacol.
126, 551–556.

Korga, A., Józefczyk, A., Zgórka, G., Homa, M., Ostrowska, M., Burdan, F., Dudka, J.,
2017. Evaluation of the phytochemical composition and protective activities of me-
thanolic extracts of Centaurea borysthenica and Centaurea daghestanica (Lipsky)
Wagenitz on cardiomyocytes treated with doxorubicin. Journal of Food Nutrition
Research 61, 1344077.

Marco, J.A., Sanz-Cervera, J.F., Yuste, A., Sancenón, F., Carda, M., 2005. Sesquiterpenes
from Centaurea aspera. Phytochemistry 66, 1644–1650.

Mishio, T., Takeda, K., Iwashina, T., 2015. Anthocyanins and other flavonoids as flower
pigments from eleven Centaurea species. Natural Product Communications 10,
447–450.

Nadiroğlu, M., Behçet, L., 2018. Traditional food uses of wild plants among the Karlıova
(Bingöl-Turkey). International Journal of Nature and Life Sciences 2, 57–71.

Polat, R., 2018. Ethnobotanical study on medicinal plants in Bingöl (City center)(Turkey).
J. Herb. Med. 100211.

Saroglou, V., Karioti, A., Demetzos, C., Dimas, K., Skaltsa, H., 2005. Sesquiterpene lac-
tones from Centaurea spinosa and their antibacterial and cytotoxic activities. J. Nat.
Prod. 68, 1404–1407.

Sekerler, T., Sen, A., Bitis, L., Sener, A., 2018. Anticancer, Antioxidant and Anti-in-
flammatory Activities of Chloroform Extracts from Some Centaurea Species.
Multidisciplinary Digital Publishing Institute Proceedings, pp. 1542.

Sen, A., Ozbas Turan, S., Bitis, L., 2017. Bioactivity-guided isolation of anti-proliferative
compounds from endemic Centaurea kilaea. Pharmaceut. Biol. 55, 541–546.

Taşar, N., Doğan, G., Kiran, Y., Rahman, M.O., Çakilcioğlu, U., 2018. Morphological,
anatomical and cytological investigations on three taxa of Centaurea L. (Asteraceae)
from Turkey. Bangladesh J. Plant Taxon. 25, 215–226.

Tatlı, I.I., Sahpaz, S., Akkol, E.K., Martin-Nizard, F., Gressier, B., Ezer, N., Bailleul, F.,
2009. Antioxidant, anti-inflammatory, and antinociceptive activities of Turkish
medicinal plants. Pharmaceut. Biol. 47, 916–921.

Uddin, S., Alnsour, L., Adekunle, S., Servi, H., Celik, S., Süleyman Göktürk, R., Algroshi,
A., Almajmaie, S., Guetchueng, S., Nahar, D.L., Dempster, N., Ismail, F., Ritchie K, J.,
Sarker, S., 2017. Flavonoids from two Turkish Centaurea species and their chemo-
taxonomic implications. Trends in Phytochemical Research 1, 243–248.

Zater, H., Huet, J., Fontaine, V., Benayache, S., Stévigny, C., Duez, P., Benayache, F.,
2016. Chemical constituents, cytotoxic, antifungal and antimicrobial properties of
Centaurea diluta Ait. subsp. algeriensis (Coss. & Dur.) Maire. J Asian Pacific Journal of
Tropical Medicine 9, 554–561.

Zengin, G., Aktumsek, A., Boga, M., Ceylan, R., Uysal, S., 2016a. Essential oil composition
of an uninvestigated Centaurea species from Turkey: Centaurea patula DC. Journal of
Essential Oil Bearing Plants 19, 485–491.

Zengin, G., Aktumsek, A., Guler, G.O., Cakmak, Y.S., Yildiztugay, E., 2011. Antioxidant
properties of methanolic extract and fatty acid composition of Centaurea urvillei DC.
subsp. hayekiana Wagenitz. Records of Natural Products 5.

Zengin, G., Cakmak, Y.S., Guler, G.O., Aktumsek, A., 2010. In vitro antioxidant capacities
and fatty acid compositions of three Centaurea species collected from Central Anatolia
region of Turkey. Food Chem. Toxicol. 48, 2638–2641.

Zengin, G., Locatelli, M., Carradori, S., Mocan, A.M., Aktumsek, A., 2016b. Total phe-
nolics, flavonoids, condensed tannins content of eight Centaurea species and their
broad inhibitory activities against cholinesterase, tyrosinase, α-amylase and α-glu-
cosidase. Not. Bot. Horti Agrobot. Cluj-Napoca 44, 195–200.

Zheleva-Dimitrova, D., Zengin, G., Balabanova, V., Voynikov, Y., Lozanov, V., Lazarova,
I., Gevrenova, R., 2018. Chemical characterization with in vitro biological activities
of Gypsophila species. J. Pharm. Biomed. Anal. 155, 56–69.

G. Zengin, et al. Biocatalysis and Agricultural Biotechnology 20 (2019) 101189

5

https://doi.org/10.1016/j.bcab.2019.101189
https://doi.org/10.1016/j.bcab.2019.101189
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref1
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref1
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref2
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref2
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref2
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref3
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref3
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref3
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref4
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref4
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref4
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref4
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref5
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref5
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref6
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref6
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref6
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref6
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref7
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref7
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref8
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref8
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref9
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref9
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref10
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref10
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref10
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref11
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref11
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref11
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref12
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref12
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref12
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref13
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref13
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref13
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref14
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref14
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref15
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref15
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref15
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref16
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref16
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref16
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref17
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref17
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref17
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref17
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref17
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref18
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref18
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref19
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref19
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref19
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref20
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref20
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref21
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref21
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref22
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref22
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref22
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref23
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref23
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref23
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref24
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref24
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref25
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref25
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref25
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref26
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref26
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref26
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref27
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref27
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref27
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref27
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref28
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref28
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref28
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref28
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref29
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref29
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref29
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref30
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref30
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref30
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref31
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref31
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref31
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref32
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref32
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref32
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref32
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref33
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref33
http://refhub.elsevier.com/S1878-8181(19)30353-6/sref33

	A comparative assessment of the LC-MS profiles and cluster analysis of four Centaurea species from Turkey
	Introduction
	Materials and methods
	Plant material and extractions
	UHPLC-ESI/HRMS
	Data evaluation

	Results and discussion
	Chemical composition
	Variability analysis of the samples

	Conclusion
	Acknowledgments
	Supplementary data
	References




