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A B S T R A C T

Scabiosa hololeuca Bornm., a plant from the Caprifoliaceae family, grows naturally in the Kütahya-Eskişehir
region of Türkiye. This study investigates the chemical composition and biological activities of S. hololeuca ex-
tracts. The plant was subjected to various extraction methods, including essential oil, fatty acids, n-hexane,
methanol, and water extracts. The GC-FID/MS technique was employed to analyze the chemical composition of
essential oil and fatty acids. In the hydrodistilled essential oil, dodecanoic acid (11.000 ± 0.0015 %) and tet-
radecanoic acid (10.592 ± 0.033 %) were identified as the major volatile compounds. Volatile compounds in the
leaves and flowers were extracted via the MSD-SPME technique, with alloaromadendrene (24.908 ± 0.033 %) as
the predominant volatile in the leaves and naphthalene (14.106 ± 0.045 %) in the flowers. Lipophilic com-
pounds, such as methyl nonadecanoate (44.903 ± 0.001 %) and methyl hexadecanoate (41.299 ± 0.011 %),
were the main fatty acids in the leaves and flowers, respectively. The antioxidant potential of the extracts was
evaluated through various assays, including DPPH• and ABTS+• free radical scavenging, lipid peroxidation
inhibition (β-carotene bleaching), and ORAC. The methanol extract exhibited the highest antioxidant activity,
with the strongest DPPH• scavenging activity (IC50 0.24 ± 0.01 mg/mL) and significant β-carotene inhibition
(IC50 1.3 ± 0.02 mg/mL). The water extract showed the highest ORAC values. However, S. hololeuca extracts did
not show effective α-amylase inhibition. The RP-HPLC analysis revealed o-coumaric and caffeic acids as major
phenolic components in the methanol extract. These findings suggest potential industrial applications of
S. hololeuca due to its rich chemical profile and antioxidant properties.

1. Introduction

The genus Scabiosa L. belongs to Caprifoliaceae family and encom-
passes approximately 100 species. This genus with its numerous species
found throughout the Mediterranean Basin, Asia, and southern Africa, is
considered a vast and taxonomically complicated genus (Carlson et al.,
2012; Mostafa and Siahkola, 2016).

Scabiosa species are used traditionally to cure a variety of ailments,
including ulcers and dermatitis, to control menstruation, and have
diuretic effects (Hlila et al., 2018; Mouffouk et al., 2018). Also, current
literatures shows that Scabiosa genus has anti-diabetic, hep-
atoprotective, analgesic, anti-inflammatory, antioxidant, antibacterial,
anti-melanogenesis, anti-tyrosinase, and anti-parasitic effects, depend-
ing on its phenolic content. Previous phytochemical investigations of
Scabiosa species have resulted with coumarins, flavonoids, iridoids,

triterpenes, iridoid glucosides, and monoterpenoid glucoindole alka-
loids (Lehbili et al., 2018; Otang-Mbeng and Sagbo, 2020).

Scientists have studied the Scabiosa genus, which comprises Scabiosa
L., Sixalix Rafinesque, and Lomelosia Rafinesque, with a particular focus
on differences in their involucel structures (Albayrak et al., 2024).
Moreover, literature indicates that Scabiosa hololeuca Bornm., also
referred to as Lomelosia hololeuca Bornm., is classified within the Sca-
biosa genus (Govaerts et al., 2021).

Although no previous studies have been conducted on Scabiosa hol-
oleuca (Lomelosia hololeuca) Bornm., the presence of biologically active
compounds in other Scabiosa species highlights the need for further
investigation of this species. This study provides the first comprehensive
data on the silyl derivatives, phenolic acids, fatty acids, volatile com-
pounds, antioxidant properties, and α-amylase inhibition activities of
Scabiosa hololeuca. The aim of this study is to determine the volatile
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composition and fatty and phenolic acids, as well as the antioxidant and
α-amylase inhibition activities of n-hexan, methanol, and water extracts
obtained from the aerial parts of S. hololeuca. Given the chemical di-
versity of S. hololeuca, a multifaceted analytical approach was employed
to characterize its phytochemical profile comprehensively. The volatile
components were investigated through hydrodistillation and SPME
techniques, while fatty acid composition was analyzed using GC-MS.
Additionally, silylation derivatization was applied to enhance the
detectability of non-volatile and semi-volatile compounds, particularly
phenolic acids and triterpenoids, allowing for a more in-depth explo-
ration of the plant’s bioactive constituents.

Researchers have proven that the SPME analysis represents a green
chemical method (Spietelun et al., 2013; Zhou and Pawliszyn, 2024).
This method is prompt, easy to understand, and reproducible; it neces-
sitates no solvent usage and is appropriate for the extraction and con-
centration of various volatile and semi-volatile chemicals from aqueous
solutions (Harmon, 2020; Yu et al., 2012). Moreover, SPME techniques
require minimal sample quantities, and their integration with gas
chromatography and mass spectrometry (GC/MS) enhances their
sensitivity. This method has been employed to prevent further plant
destruction, as the leaves and flowers of S. hololeuca, an endemic species
in Türkiye, are deficient in essential oils. In the literature, there are also
articles that include both SPME and hydrodistillation studies (Andreica
et al., 2024; Benyelles et al., 2014; Mutavski et al., 2024; Özek et al.,
2005, 2006, 2008, 2018). Additionally, the silylation method was
employed to enhance the volatility and stability of non-volatile and
semi-volatile compounds, particularly phenolic acids and triterpenoids,
enabling their effective analysis by GC-MS (Rohloff, 2015). This deriv-
atization technique facilitates the identification of thermolabile and
hydroxyl-containing compounds by converting them into their more
stable trimethylsilyl (TMS) derivatives (Halket et al., 2005; Jorge et al.,
2016; Kumar et al., 2024). The combination of silylation and GC-MS has
been extensively applied in phytochemical studies to elucidate the
structures of bioactive compounds (Kumar et al., 2024; Liang et al.,
2024; Zarate et al., 2016).

2. Materials and methods

2.1. Chemicals

The chemicals utilized in this study; n-hexane, dimethyl sulfoxide,
methanol, ethanol, formic acid, hydrochloric acid, glacial acetic acid,
Folin-Ciocalteu reagent (FCR), boron trifluoride (BF3) reagent, and
butylated hydroxyanisole (BHA) were purchased from Sigma-Aldrich
(USA). The lipid extraction kit, α-amylase produced from porcine
pancreas (Type VI-B,≥10 units/mg solid), and acarbose were purchased
from Sigma (USA). However, the rest of the chemicals utilized in this
study were obtained from Merck (Germany). The standard n-alkanes
C8–C40 were purchased from Fluka in Buchs. The phenolic acids utilized
in this investigation, namely caffeic acid, chlorogenic acid, ferulic acid,
gallic acid (GA), protocatechuic acid, p-hydroxybenzoic acid, syringic
acid, and vanillic acid were acquired from Sigma-Aldrich (St. Louis, MO,
USA) or Merck (GmbH, Darmstadt, Germany).

2.2. Instruments

An Agilent 5975 GC-MSD system manufactured by Agilent Tech-
nologies (Santa Clara, CA, USA) was used to perform GC-MS analyses.
The SPME technique for volatiles was conducted using a manual SPME
holder (57330-U, SUPELCO, Bellefonte, PA) and the PDMS-DVB (poly-
dimethylsiloxanedivinylbenzene) 65 μm fiber "blue type". In the mi-
crotiter assays, the sample solutions were pipetted into microplate wells
using an Eppendorf® Xplorer® 12-channel pipettor with a volume range
of 10–300 μL. Two types of microplates were acquired from Sigma-
Aldrich: a 96-well flat-bottom white polystyrene microplate, which
was non-sterile (Grainer), and a 96-deep well round-bottom

polypropylene plate with a volume of 2.2 mL. The absorbance readings
were recorded using a Microtek Powerwave XS microplate reader ELISA
device. Agilent 1100 series autosampler system from Agilent, GL Sci-
ences Inc. (Waldbronn, Germany). The equipment was outfitted with a
system controller, a DAD detector (G 1315B, 280 nm), and a quaternary
LC pump (G1311A). The separation method was performed using a
Zorbax Eclipse XDB-C18 column (150 mm, 4.6 mm, and 5 μm particle
size) manufactured by Agilent in Waldbronn, Germany. The Human UP
9000 System’s (18 mW) water purification system provided ultrapure
water. The liquid chromatographic system (Shimadzu LC 10Avp, Kyoto,
Japan) had an in-line degasser, pump, and controller connected to an
SPD-M10Avp photodiode array detector with an automatic injector and
Class VP chromatography manager software. A reverse-phase C18
Ultrasphere column (INERTSIL, Waldbronn, Germany) (100 × 4.6 mm
id. 3 μ) was used to analyze phenolic acids.

2.3. Plant material

S. hololeuca was collected from the west of Eskişehir and around
Kütahya provinces of Türkiye. The identification of the plant was per-
formed by Dr. Koray Yaylacı (Anadolu University, Faculty of Pharmacy,
Department of Pharmaceutical Botany). The herbarium sample was
registered (ESSE 15843) in Anadolu University Faculty of Pharmacy
Herbarium.

2.4. Hydrodistillation of essential oil

The essential oil from the air-dried aerial parts of the plant was
hydrodistilled (3 hous) using Clevenger-type equipment, following the
guidelines outlined in the European Pharmacopoeia Commission
(2023). The essential oil’s yield was calculated on the basis of moisture
free amount of the plant material. Anhydrous sodium sulphate was used
to dry the oil, and it was then kept at 4 ◦C in an amber vial until it was
used for gas chromatography and biological activity studies.

2.5. Microsteam distillation - solid phase microextraction (MSD-SPME)

The plant material (leaves and flowers, separately) weighing 1.0 g,
was placed into a flask with a volume of 25 mL (Göger et al., 2021).
Additionally, 3.0 mL of water was added to the flask. The mixture was
then heated. The flask was equipped with a Claisen distillation head and
a reflux condenser, rather than a distillation setup. The electric heater
was utilized for heating, while the SPME fiber assembly was secured
using a threaded plug. The SPME process for volatiles was conducted
using a manual SPME holder and a PDMS-DVB 65 μm fiber known as
"blue-type." Before the experiment, the fiber underwent a conditioning
process at a temperature of 250 ◦C for 15 min. The SPME needle pene-
trated the plug, pushed out the fiber, and brought it into contact with the
air space above a plant sample. The MSD-SPME method was performed
at the boiling point of water, which was used as the solvent. The time of
equilibrium refers to the period between the loading of the SPME fibre
into the flask and the initiation of the extraction step. A 3.0-min
extraction time was determined to be the appropriate duration after
reaching equilibrium. Following the extraction of the volatile sub-
stances, the SPME fiber containing the extracted substances was
retracted into the needle. The needle was then detached from the plug
and employed for thermal desorption at the injection port of GC-FID/MS
systems.

2.6. Lipid extraction and fatty acid derivatization

Fatty acid research involved a series of consecutive steps, which
include preparing the sample, extracting total lipids, methylating fatty
acids, and then analyzing the fatty acid methyl esters using GC-MS/FID
(Möller et al., 2019). The Lipid Extraction Kit was employed to extract
the total lipids from the aerial parts of the plant material. The extraction
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of lipids requires a dual solvent partition mechanism, which comprises
an aqueous and a lipophilic solvent (for example, chloroform). The
lipids were retained in the lower layer of chloroform, whereas the
aqueous-soluble chemicals were retained in the upper layer of
methanol-water. In experiment, the mill-ground plant material (0.15 g)
was homogenized in extraction solvent (3.0 mL) of the kit. Following the
homogenization and vortexing, 0.5 mL of the buffer solution supplied in
the kit was added into the mixture and vortexed again. Following that,
the mixture was filtered through special filter cartridge of the kit. A 200
μL of the extract was dried under nitrogen gas and then subjected to
transesterification with BF3-methanol reagent. The mixture was sub-
jected to reflux for 1 h at 95 ◦C. After that, n-hexane (1.0 mL) and
distilled water (1.0 mL) were added to the reaction vessel. The mixture
was vortexed and centrifugated at 500 rpm for 5 min. The uppermost
layer, hexane was transported in a vial, concentrated under nitrogen gas,
and thereafter injected into the GC-MS/FID system.

2.7. Extraction of plant material

The aerial parts of S. hololeuca were extracted using a maceration
technique with n-hexane, methanol, and water. The extraction process
involved continuous shaking at room temperature for 24 × 2 h to obtain
the various extracts. The supernatants obtained were passed through a
Whatman filter paper for filtration and, the organic solvents were
evaporated from the filtrates using reduced pressure to get dry extracts.
The aqueous extracts were dehydrated using the lyophilization process.
The dried extracts were kept in amber vials at a temperature of 4 ◦C until
further analysis.

2.8. Gas chromatography-mass spectrometry (GC/MS) analysis

GC-MS analysis was performed using the previously published con-
ditions (Göger et al., 2021). A 60-m Agilent Innowax FSC column with a
0.25 mm ID and 0.25 μm film thickness was utilized, in addition to a
carrier gas flow rate of 0.8 mL/min. The GC oven was initially set to a
temperature of 60 ◦C for 10 min. Then temperature was gradually raised
to 220 ◦C, increasing at a rate of 4 ◦C/min, and then maintained at that
temperature for 10 min. Ultimately, the temperature was elevated to
240 ◦C steadily, with an increment of 1 ◦C/min. The split ratio was set to
40:1, while the injector temperature was determined to be 250 ◦C. The
mass spectra were recorded at 70 eV, encompassing a mass range from
35 to 450 m/z.

2.9. Gas chromatography (GC-FID) analysis

The gas chromatography (GC) assay was conducted with an Agilent
6890 N GC equipment. In order to achieve an equivalent elution
sequence as observed in GC-MS, the elution line was divided between
MS and FID detectors, and a solitary injection was conducted utilizing
the identical column and suitable operational parameters. The temper-
ature of the flame ionization detector (FID) was set at 300 ◦C. The
contents of the essential oil, and fatty acid methyl esters were achieved
by co-injecting them with standards procured commercially or obtained
from pure organic sources whenever feasible. Furthermore, the confir-
mation of compound identities was achieved through the comparison of
their mass spectra with records available in the Wiley-NIST GC/MS Li-
brary (Wiley, NY, USA), MassFinder software 4.0 (Dr. Hochmuth Sci-
entific Consulting, Hamburg, Germany and Adams Library.
Confirmation was additionally accomplished by utilizing the exclusive
"Başer Library of Essential Oil Constituents" database, acquired through
chromatographic investigations conducted on pure compounds under
identical equipment and conditions. For confirmation of identified
compounds, each of the compound’s relative retention indices (RRI) was
calculated with a C8–C40 n-alkane standard mixture (Fluka, Buchs,
Switzerland). The FID chromatograms were used to calculate the rela-
tive percentage of the separated individual compounds without

normalization.

2.10. Preparation of silyl derivatives of extracts

The extracts obtained from the aerial parts of S. hololeuca were first
subjected to silylation to determine their chemical composition and then
analyzed using GC-MS/FID techniques. For this purpose, after adding
80 μL of pyridine and 80 μL of BTSFA (containing 1 % TMCS) reagent to
the extracts (2.0 mg), the silylation reaction was carried out by heating
the mixture in a sand bath at 100 ◦C for 1 h. The derivatized samples
were directly injected (1.0 μL) into the GC-FID and GC-MS systems
(Isidorov, 2020).

2.11. Analysis of silylated compounds

For the analysis of silyl derivative forms prepared from n-hexane,
methanol, and water extracts, a chromatographic system consisting of
an Agilent 7890A GC system coupled with a 5975C Inert MSD with a
Triple-Axis detector was used. Chromatographic separation was per-
formed using an HP-5 FSC column (30 m × 0.25 mm, 0.25 μm film
thickness, Agilent, Walt & Jennings Scientific, Wilmington, DE, USA).
Helium was used as the carrier gas at a flow rate of 0.8 mL/min. The
oven temperature was programmed to increase from 100 ◦C to 320 ◦C at
a rate of 3 ◦C per minute, and then held at 320 ◦C for 16.67 min. The
sample injection was performed in splitless mode. The injection cham-
ber temperature was maintained at 250 ◦C, while the FID detector
temperature was set at 300 ◦C. Mass spectra of each compound sepa-
rated in the column were obtained at 70 eV within the mass range of
35–1050 m/z. For compound identification, retention times and mass
spectra were evaluated based on reference standards and literature data.
The Wiley GC/MS Library (Wiley, New York, NY, USA) and the "Special
Özek Silyl Derivative Library," created from the silyl derivatives of
standard compounds, were used as reference sources. Quantitative
analysis was conducted by calculating the percentage areas of the peaks
obtained from the flame ionization detector (FID) (Isidorov, 2020).

2.12. Liquid chromatography (RP-HPLC) analysis

The extracts of S. hololeuca were subjected to reverse-phase high-
performance liquid chromatography (RP-HPLC) to obtain the phenolic
acid profiles. The analytical procedure was conducted in accordance
with the protocol established by Öztürk et al. (2007), which had pre-
viously undergone comprehensive validation to ensure accuracy, pre-
cision, and reproducibility. Chromatographic separation was achieved
using two solvent systems: (A) methanol, water, and formic acid
(10:88:2, v/v/v) and (B) methanol, water, and formic acid (90:8:2,
v/v/v). The gradient elution program was as follows: 15–20 min, 85 %
A; 20–30 min, 50 % A; 30–35 min, 0 % A; and 36–42 min,
re-equilibration to 100 % A. The flow rate was maintained at 1.0
mL/min, and the injection volume was set at 10 μL. Detection was
performed at 280 nm.

Prior to injection, the extracts were dissolved in a methanol-water
mixture (1:1, v/v). Peak identification and quantification were based
on the retention times and calibration curves previously validated and
reported by Öztürk et al. (2007), without any modification to the orig-
inal methodology (Öztürk et al., 2007).

2.13. Total phenol content

The extracts of S. hololeuca were evaluated for the total phenolic
content measured as gallic acid equivalent (GAE) using an FC reagent,
according to previous procedure (Vl, 1999). Methanol was used to
prepare the stock solutions of the extracts and gallic acid. The experi-
mental procedure involved the combination of 20 μL of the sample so-
lution (extract/gallic acid), 1560 μL of ultrapure water, and 100 μL of FC
reagent in 96-deep wells. Following an incubation period of 1–8 min,
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300 μL of a sodium carbonate solution (20 %) was added to the mixture.
The mixture was subjected to a 2-h incubation period (at 25 ◦C, in dark).
Subsequently, a 300 mL of the mixture was put into a 96-well micro-
plate. The absorbance readings at a wavelength of 760 nm were subse-
quently compared to a gallic acid calibration curve, which was
established using a 5-point calibration range spanning from 0.01 to 1.0
mg/mL. The experiment was repeated three times. The calibration curve
for gallic acid had a regression coefficient r2 of 0.9992, calculated as y =

0.7489x + 0.0551. The average content value was computed using a
standard error of ±. The findings were quantified as mgGAE/gextract.

2.14. Total flavonoid content

The total flavonoid contents of the extracts were quantified using the
AlCl3 reagent as quercetin equivalent (QE) following a previously
established method (Yur et al., 2017). In the experiment, 80 μL of the
sample solution (extract/quercetin), 80 μL of AlCl3, and 1840 μL of
absolute ethanol were added into 96-deep wells. In the blank samples,
10 μL of acetic acid (15 %) was added instead of aluminum chloride.
Following an incubation period of 40 min a 300 μL of the mixture was
transferred into the 96-well microplate. The absorbance values were
measured at a wavelength of 415 nm using a microplate reader. The
quantification of total flavonoid content was performed using a cali-
bration curve based on quercetin. A 5-point calibration was used to plot
the calibration curve within the concentration range of 0.01–1.0
mg/mL. The calibration curve for quercetin had a regression coefficient
r2 of 0.9996, calculated as y = 1.857x + 0.0088. The average content
value was computed using a standard error of ±. The results were
quantitatively represented as mgQE/gextract.

2.15. Trolox equivalent antioxidant activity (TEAC)

The antioxidant potential of the extracts and essential oil of
S. hololeuca was assessed using ABTS+• and calculated as Trolox
equivalent (Re et al., 1999). In the beginning, a 7 mM solution of ABTS
was prepated by combining it with 6.6 mg of potassium persulfate in 10
mL of distilled water. After being incubated for 16 h in the absence of
light, the solution was diluted with absolute ethanol until it attained an
absorbance ranging from 0.700 to 0.800 at a wavelength of 734 nm. The
extracts, essential oil (2 mg/mL), and Trolox (5 dilutions ranging from
3.0 to 0.125 mM) were prepared as stock solutions in methanol (with 10
% DMSO). The experiment entailed mixing a 10 μL sample of essential
oil/extract/trolox with a 990 μL ABTS+• solution on a 96-deep well
plate. After incubating for 30 min in the dark, there was a reduction in
absorbance values at a wavelength of 734 nm, as measured by a
microplate reader. The ABTS•+ scavenging activity of the samples was
measured in terms of their Trolox equivalent antioxidant capacity
(TEAC). The linear equation for Trolox was determined as y= 29.997x –
0.6918. The regression coefficient (r2) for the calibration curve was
found to be 0.9989. All experiments were performed in triplicate.

2.16. Free radical scavenging effect (DPPH)

The samples’ ability to scavenge DPPH radicals was assessed using a
modified version of the Brand-Williams method (Brand-Williams et al.,
1995). The sample (extracts/essential oil) and reference inhibitor (gallic
acid) stock solutions were prepared in methanol (with 10 % DMSO). In
the experiment, 100 μL of the sample solution was combined with 100
μL of DPPH solution (0.08 mg/mL in MeOH) in 96-flat bottom well plate
cells. The mixtures were incubated in the dark for 30 min. The reduction
in absorbance at a wavelength of 517 nm was recorded with the
microplate reader. Gallic acid solution was employed in this test as the
positive control. The experiments were repeated three times. The sam-
ples’ free radical scavenging activity was quantified as a percentage of
inhibition, which was determined using the following equation:

% Inh=
(
Abscontrol − Abssample

Abscontrol

)

× 100

The absorbance of the control, which includes all reagents except the
test substance, is indicated as Abscontrol. On the other hand, Abssample
represents the absorbance of the sample after the addition of DPPH
(Version 12.0).

2.17. Lipid peroxidation inhibition (β-carotene bleaching) test

The present study aimed to assess the inhibitory impact of extracts
and essential oils on lipid peroxidation through the use of the β-carotene
bleaching test, utilizing certain modifications (Baderschneider et al.,
1999). A chloroform solution containing 1 mg/mL of β-carotene was
prepared and subsequently combined with 200 mg of Tween-20 and 25
μL of linoleic acid to generate an emulsion. Chloroform was completely
evaporated using a vacuum and nitrogen gas flow. Following that,
oxygenated ultrapure water (50 mL) was added and the mixture was
vortexed. Before each experiment, the emulsion solution was freshly
produced and stored in the dark. The standard antioxidant employed in
the study was BHA. The stock solutions of the samples were prepared in
methanol (containing 10 % DMSO) at a concentration of 5 mg/mL. In
the experiment, 60 μL of a sample (extract/essential oil/BHA) was
combined with 250 μL of an emulsion solution within a 96-well plate.
The absorbance values were measured at 50 ◦C every 15 min for a total
of 105 min at a wavelength of 492 nm. The experiments were conducted
three times. The results of the experiment were calculated using the
following formula:

% AA=

[

1 −
(
Abs0 sample − Abs120sample
Abs0control − Abs120control

)]

× 100

Where; AA is the antioxidant activity, Abs0sample and Abs120sample are the
absorbance values of the sample at 0 min and 120 min, Abs0control and
Abs120control are the absorbance values of the control at 0 min and 120
min.

2.18. Oxygen radical absorbance capacity (ORAC) test

The oxygen radical absorption capacity of the extracts and essential
oil of S. hololeuca was assessed using a microtiter assay (Gillespie et al.,
2007) with certain modifications. Fluorescence was employed as a
fluorescent probe in the assay, while 2,2′-azobis(2-amidinopropane)
dihydrochloride (AAPH) was utilized as a free radical generator. The
standard antioxidant employed in the study was Trolox. The stock so-
lution was prepared by dissolving 15 mg of fluorescein in 10 mL of
phosphate buffer solution (0.075 M, pH 7.4). The resulting solution was
stored in the dark at 4 ◦C. In a 96-well plate, 25 μL of a sample
(extract/essential oil/trolox) and 150 μL of fluorescein solutions were
combined and incubated for 30 min at 37 ◦C in the dark. The plate was
shaked for 10 s after the addition of 25 μL of AAPH reagent following
incubation. The fluorescence values were measured at 37 ◦C each 60-s
intervals during a duration of 180 min. The excitation wavelength was
485 nm, and the emission wavelength was 535 nm. The AUC values were
determined using the SigmaPlot program. The net AUC values were
obtained using the following formula:

NET AUC = AUCsample - AUCblank

The standard curve was generated by plotting the net area under the
curve (AUC) against the linear concentration of Trolox. The ORAC
values were calculated using Trolox equivalents. The experiments were
performed on three separate times.

2.19. α-Amylase inhibition test

The extracts and essential oil have been tested for their capacity to
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inhibit the α-amylase enzyme following the previously reported assay
(Zengin et al., 2014). Acarbose was the reference inhibitor of the
α-amylase enzyme used in this study. The extracts and essential oil so-
lutions were prepared in methanol (with added 10 % DMSO). In the test,
50 μL of the sample solution (extract/essential oil/acarbose) was mixed
with 50 μL of an enzyme solution (0.8 U/mL in a 20 mM sodium
phosphate buffer at pH 6.9) in a 96-well plate. Subsequently, the
mixture was subjected to incubation for 10 min in the dark at 37 ◦C.
After the period of incubation, 50 μL of starch solution (0.05 %) was
added into wells. The resulting mixture was then incubated for an
additional 10 min in the dark at 37 ◦C. The reaction was stopped by
adding 25 μL of HCl (1 M) solution. At the final step, 100 μL of I2/KI
reagent solution was added to the wells. In the blank samples, a buffer
solution was added to the wells instead of an enzyme. In the control
wells, all reagents were included except for the sample. Absorbance
measurements at 630 nm were recorded using a plate reader. The %
inhibition was calculated using the following formula:

% Inh=
(
(Abs0 control − Abscontrol blank) −

(
Abssample − Abssample blank

)

(Abs0 control − A(Abscontrol blank)

)

× 100

Phenolic compounds significantly contribute to the total antioxidant
capacity of natural products. Therefore, the phenolic content of the
extracts was quantified, and their characterization was determined. The
Folin-Ciocalteu reagent was used to assess the total phenolic content of
S. hololeuca extracts, and the results were expressed in gallic acid
equivalents (GAE, mg/g extract) (Table 4). Similarly, the total flavonoid
content was evaluated using an aluminum chloride colorimetric assay,
with results expressed in quercetin equivalents (QE, mg/gextract)
(Table 4).

To further evaluate the biological activity of the extracts, various
antioxidant assays were performed. The DPPH free radical scavenging
assay was conducted to determine the ability of the extracts to neutralize
free radicals, with results expressed as IC50 values (mg/mL), repre-
senting the concentration required to inhibit 50 % of DPPH radicals. The
Trolox equivalent antioxidant capacity (TEAC) assay was used to
quantify the antioxidant potential in mM Trolox equivalents, while the
oxygen radical absorbance capacity (ORAC) assay measured the ability
of the extracts to scavenge peroxyl radicals, with values expressed as
Trolox equivalents per micromole (TEμmol). Additionally, the β-caro-
tene peroxidation inhibition assay was performed to evaluate lipid
peroxidation inhibition, and results were expressed as IC50 values (mg/
mL). The potential inhibitory effect of the extracts on α-amylase enzyme
activity was assessed, and inhibition percentages were reported at a
concentration of 10 mg/mL.

3. Results and discussion

In the present work, the phytochemical profile and bioactivity of
S. hololeuca have been evaluated for the first time. These findings
contributed to the lack of information in the existing literature. The
aerial parts of S. hololeucawere extracted using n-hexane, methanol, and
water. The hydrodistillation of S. hololeuca resulted with colorless and
odorless essential oil. Table 1 shows the quantities obtained from the
extraction and essential oil process.

3.1. Chemical composition of essential oil and volatile constituents

The constituents making up the essential oil from S. hololeuca aerial
parts have been analyzed using GC-FID/MS techniques. In addition to
this, the combined MSD-SPME technique was utilized to investigate the
volatiles from the leaves and flowers, separately. The reported values,
including the mean of three independent measurements and their
standard deviations, are presented in Table 2, which lists the compounds
in the order of their elution on the HP-Innowax FSC column, along with
their relative percentages, retention indices, and method of
identification.

Gas chromatographic analysis of S. hololeuca essential oil resulted
with identification of 111 compounds representing 90.873 % of the oil.
Dodecanoic acid (11.000 ± 0.015 %), tetradecanoic acid (10.592 ±

0.033 %), and alloaromadendrene (9.023 ± 0.036 %) were the main
compounds of the essential oil obtained with the hydrodistillation of
S. hololeuca aerial parts. Analysis of the leaf and flower volatiles ob-
tained with MSD-SPME technique resulted with 104 volatile compo-
nents, accounting for 96.605 % of all the components identified. In the
leaves, alloaromadendrene accounted for 24.908 ± 0.033 % of the
major volatile components, followed by naphtalene (9.407 ± 0.040 %)
and (Z)-2-hexenal (8.181 ± 0.169 %). In the flowers, a total of 103
volatile compounds were identified, accounting for 95.814 % of all
detected components. The main volatile compound was naphthalene
(14.106 ± 0.045 %), followed by 4-vinylpyridine (7.603 ± 0.032 %)
and γ-muurolene (5.604 ± 0.048 %). Table 2 presents these findings.

A comparative analysis of the volatile compounds in the leaves and
flowers was conducted using the SPME method, revealing that they did
not contain the same main compounds. Furthermore, the essential oil
chemical composition of S. hololeuca has been found to differ from that
of other Scabiosa species.

Earlier it has been reported, in the aerial parts of S. flavida the main
compounds of the essential oil were tricosane (15.5 %), rosifoliol (15.3
%), (E)-caryophyllene (10.7 %), and α-humulene (7.9 %) (Javidnia
et al., 2006). In the flowers of S. maritima the main compounds of
essential oil were identified as 3-vinyl pyridine (23.5 %) and hexahy-
drofarnesylacetone (19.4 %).

3.2. Fatty acid chemical composition

In our research, S. hololeuca’s fatty acid profile has been established
for the first time. Using microscale extraction technique, the lipids of
S. hololeuca have been extracted from the leaves and flowers and then
transesterified with the BF3 reagent for subsequent GS-FID/MS analysis.
Figs. 4 and 5, along with Table 3, present the results of chromatographic
separation and identification of the methyl ester derivatives. The re-
ported values represent the mean of three independent measurements
along with their standard deviations.

A total of 8 fatty acids were identified, comprising 99.982 % of the
fatty acids in S. hololeuca leaves. The major fatty acids were methyl
nonadecanoate (44.903 ± 0.001 %), methyl hexadecanoate (20.103 ±

0.046%), and (Z,Z,Z)-9,12,15-methyl octadecatrienoate. Additionally, a
total of 17 fatty acids were detected in S. hololeuca flowers, accounting
for 91.587 %. The major fatty acids in the flowers were methyl hex-
adecanoate (41.299 ± 0.011 %) and methyl nonadecanoate (14.502 ±

0.020 %).
According to previous research (Ebadi-Nahari et al., 2018), the

leaves of Scabiosa species contain a diverse range of 19 fatty acids,
spanning from lauric acid (C12:0) to nervonic acid (C24:1ω9). The
predominant fatty acids identified were palmitic acid (C16:0; 4.63–23
%), behenic acid (C22:0; 2.40–35.52 %), lignoceric acid (C24:0;
1.91–34.02 %), and linoleic acid (C18:3ω6; 0.73–13.95 %). Arachidonic
acid methyl ester (C20:4ω6) was detected in negligible amounts among
the analyzed species. The total proportion of saturated fatty acids in the
examined species ranged from 48.97 % to 80.11 %, whereas the pro-
portion of unsaturated fatty acids was estimated to be between 13.62 %

Table 1
Extracts yields.

Extract Type Amounts of Extract, g Yielda, %

n-Hexane extract 0.16 0.45
Methanol extract 4.33 12.29
Water extract 4.67 13.26
Essential oil ​ 0.01

a Yield was calculated based on air dried plant weight.
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Table 2
Essential oil and volatiles analysis results of S. hololeuca aerial parts, leaves, and flowers.

No RRI
exp.

RRI lit. Compound HD MSD-SPME MSD-SPME Ref.

Ess. Oil
%

Leaves
%

Flowers
%

1 1060 1050 (E)-2-Butenal ​ 1.501 ±

0.021
0.309 ± 0.01 Hashizume et al. (2007)

2 1093 1093 Hexanal ​ 0.396 ±

0.015
0.201 ±

0.011
Schepetkin et al. (2023)

3 1152 – 2,3-Dimethyl-3-isopropyl-cyclopentenea ​ 0.199 ±

0.013
0.200 ±

0.019
​

4 1202 1198 Limonene ​ 0.308 ±

0.004
​ Babushok et al. (2011)

5 1211 1215 Isoamyl alcohol ​ 0.195 ±

0.008
​ Kang et al. (2016)

6 1225 1225 (Z)-3-Hexenal ​ 0.196 ±

0.001
​ Babushok et al. (2011)

7 1228 1244 Amyl furan ​ 0.108 ±

0.002
0.207 ±

0.018
Shukurlu et al. (2023)

8 1234 1231 (E)-2-Hexenal ​ 8.181 ±

0.169
0.795 ±

0.016
Koprivnjak et al. (2002)

9 1265 1264 3-Octanone ​ 0.187 ±

0.018
​ Tamura et al. (1990)

10 1282 1261 cis-Hexenyl formate ​ 0.102 ±

0.001
​ Binder et al. (1989)

11 1288 1287 Octanal ​ ​ 0.505 ±

0.011
Babushok et al. (2011)

12 1295 1282 Terpinolene ​ 0.107 ±

0.001
​ Babushok et al. (2011)

13 1297 1297 2-Octanone ​ 0.108 ±

0.007
​ Nielsen et al. (2003)

14 1298 1282 trans-2-(2-Pentenyl) furan ​ 0.104 ±

0.012
0.099 ±

0.003
(C. M. Wu and Liou, 1992)

15 1299 1303 2,2,6-Trimethyl cyclohexanone ​ 0.302 ±

0.001
​ Yamaguchi and Shibamoto (1981)

16 1300 1300 Tridecane ​ tr ​ Trendafilova et al. (2022)
17 1307 1258 Isocumene 0.204 ±

0.001
​ ​ Vernon and Suratman (1983)

18 1331 1332 (E)-2-Heptenal ​ 0.101 ±

0.002
0.100 ±

0.001
Hashizume et al. (2007)

19 1344 1337 6-Methyl-5-hepten-2-one ​ 0.608 ±

0.038
0.298 ±

0.017
Babushok et al. (2011)

20 1348 1361 2-Butoxy ethanol ​ 0.106 ±

0.005
0.102 ±

0.009
Chung et al. (2005)

21 1360 1351 Hexanol tr 0.486 ±

0.018
0.596 ±

0.044
Babushok et al. (2011)

22 1370 1332 1-Tridecene ​ 0.089 ±

0.010
​ (Umano and Shibamoto, 1987)

23 1398 – Furan isomera 0.503 ±

0.023
​ ​ ​

24 1400 1400 Tetradecane ​ 0.189 ±

0.007
0.104 ±

0.001
Shukurlu et al. (2023)

25 1403 1401 (Z)-3-Hexen-1-ol 0.317 ±

0.004
2.101 ±

0.004
1.001 ±

0.005
Botelho et al. (2007)

26 1407 1391 2-Nonanone ​ 0.101 ±

0.006
0.108 ±

0.004
Babushok et al. (2011)

27 1409 1392 Nonanal 0.106 ±

0.001
0.478 ±

0.007
0.199 ±

0.009
Babushok et al. (2011)

28 1410 1409 β-Lutidine ​ ​ 1.712 ±

0.047
Thomas and Bassols (1992)

29 1412 1411 (E)-2-Hexen-1-ol ​ 0.107 ±

0.004
0.108 ± 0.04 (Umano and Shibamoto, 1987)

30 1416 1415 Ethyl octanoate ​ tr ​ Toda et al. (1982)
31 1430 1431 Tetrahydro linalool 0.101 ±

0.001
0.107 ±

0.001
0.109 ±

0.001
Ter Heide (1976)

32 1435 1423 Dimethyl tetradecane 0.317 ±

0.011
0.106 ±

0.002
1.020 ±

0.013
Trendafilova et al. (2020)

33 1443 1428 (E)-2-Octenal ​ 0.186 ±

0.013
0.200 ±

0.014
Thakeow et al. (2008)

34 1450 1444 1-Octen-3-ol 0.110 ±

0.019
0.307 ±

0.011
3.607 ±

0.021
Babushok et al. (2011)

35 1454 1446 trans-Linalool oxide ​ 0.103 ±

0.001
​ Babushok et al. (2011)

36 1463 1449 Heptanol ​ 0.207 ±

0.001
0.208 ±

0.006
Babushok et al. (2011)

37 1467 – 1,5,5-Trimethyl-9-oxa-bicyclo[4.3.0]non-2-enea 0.096 ±

0.001
0.304 ±

0.012
​ ​

(continued on next page)
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Table 2 (continued )

No RRI
exp.

RRI lit. Compound HD MSD-SPME MSD-SPME Ref.

Ess. Oil
%

Leaves
%

Flowers
%

38 1469 – (2E)-3,5,5-Trimethyl-2-hexenea ​ ​ 0.504 ±

0.002
​

39 1471 1471 (E, Z)-2,4-Heptadienal 0.107 ±

0.001
1.108 ±

0.007
1.108 ±

0.006
Chyau and Mau (2001)

40 1475 1475 2,6-Dimethyl-7-octen-2-ol ​ 0.102 ±

0.001
​ Chang et al. (1989a)

41 1492 1492 α-Ylangene ​ 0.303 ±

0.002
0.301 ±

0.002
Choi (2005)

42 1496 1495 2-Ethyl hexanol 0.096 ±

0.001
0.504 ±

0.001
0.407 ±

0.002
Shimoda et al. (1996)

43 1499 1496 Decanal 0.198 ±

0.001
0.486 ±

0.003
0.892 ±

0.003
Babushok et al. (2011)

44 1500 1500 Pentadecane 0.102 ±

0.001
​ ​ Leffingwell and Alford (2005)

45 1502 1504 (E, E)-2,4-Heptadienal 0.096 ±

0.002
1.208 ±

0.003
0.809 ±

0.003
Elmore et al. (2005)

46 1506 1481 α-Cubebene 0.095 ±

0.002
0.204 ±

0.002
​ ​

47 1508 1509 α-Copaene 0.101 ±

0.021
0.689 ±

0.027
0.706 ±

0.021
Hazzit et al. (2006)

48 1511 – 4-Vinylpyridinea ​ ​ 7.603 ±

0.032
​

49 1512 1505 Dihydroedulane II 0.200 ±

0.001
​ ​ Trendafilova et al. (2020)

50 1514 1535 β-Burbonene 0.102 ±

0.002
0.208 ±

0.002
0.207 ±

0.002
Rochat et al. (2009)

51 1520 1529 (E,Z)-3,5-Octadien-2-one ​ 0.701 ±

0.021
0.705 ±

0.022
Rochat et al. (2009)

52 1538 1536 Ethyl nonanoate ​ 0.209 ±

0.001
0.212 ±

0.001
Callejon et al. (2008)

53 1540 1538 α-Gurjunene ​ 0.200 ±

0.001
0.108 ±

0.002
Frizzo et al. (2001)

54 1541 1519 Benzaldehyde 0.308 ±

0.021
4.108 ±

0.023
1.809 ±

0.027
Babushok et al. (2011)

55 1546 1548 β-Cubebene 0.087 ±

0.002
​ ​ Flamini et al. (2004)

56 1553 1545 3-Ethyl-4-methylpyridine ​ ​ 0.599 ±

0.002
Umano et al. (1995)

57 1559 1552 Octanol 0.197 ±

0.001
0.508 ±

0.001
0.602 ±

0.001
Babushok et al. (2011)

58 1571 – 2-tert-Butyl cyclohexanola 0.100 ±

0.002
​ 0.106 ±

0.001
​

59 1588 1580 β-Ylangene ​ 0.707 ±

0.003
0.500 ±

0.003
Shimizu et al. (2009)

60 1592 1590 (E,E)-3,5-Octadien-2-one ​ ​ 0.201 ±

0.002
Rochat et al. (2009)

61 1595 1559 Calarene 0.100 ±

0.002
​ ​ Capetanos et al. (2007)

62 1600 1600 Hexadecane 0.108 ±

0.001
0.187 ±

0.001
0.188 ±

0.001
Tekin et al. (2018)

63 1608 1589 (E, Z)-2,6-Nonadienal 0.109 ±

0.002
0.204 ±

0.002
​ Senger-Emonnot et al. (2006)

64 1609 1613 Isobornyl acetate 0.101 ±

0.001
​ ​ Stancher and Pertoldi (1967)

65 1614 1615 2-Undecanone 0.106 ±

0.001
​ ​ Mallia et al. (2005)

66 1615 1631 β-Copaene 0.201 ±

0.008
0.607 ±

0.024
1.011 ±

0.022
Píry et al. (1995)

67 1618 1617 β-Caryophyllene 0.397 ±

0.025
1.203 ±

0.021
1.209 ±

0.026
Mahmood et al. (2004)

68 1619 1630 1-Hexadecene ​ 0.205 ±

0.001
​ Pennarun et al. (2003)

69 1625 1628 2-Octen-1-ol ​ ​ 0.308 ±

0.002
Pozo-Bayón et al. (2007)

70 1626 – 4-Vinylanilinea 0.087 ±

0.001
​ ​ ​

71 1628 1625 Aromadendrene 0.101 ±

0.001
​ 0.101 ±

0.001
Hazzit et al. (2006)

72 1631 – 5-Ethenyl-2-methyl pyridinea ​ ​ 1.409 ±

0.034
​

73 1646 1644 Thujopsene ​ ​ 0.206 ±

0.001
Wedge et al. (2009)

(continued on next page)
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Table 2 (continued )

No RRI
exp.

RRI lit. Compound HD MSD-SPME MSD-SPME Ref.

Ess. Oil
%

Leaves
%

Flowers
%

74 1648 1638 β-Cyclocitral 0.406 ±

0.001
0.702 ±

0.002
0.105 ±

0.001
Kaya et al. (1999a,b)

75 1654 1652 Menthol 0.100 ±

0.011
​ ​ Formisano et al. (2007)

76 1660 1656 Nonanol 0.705 ±

0.021
0.603 ±

0.022
0.603 ±

0.020
Babushok et al. (2011)

77 1672 1674 Alloaromadendrene 9.023 ±

0.036
24.908 ±

0.033
2.007 ±

0.031
Priestap et al. (2002)

78 1673 1674 (Z)-β-Farnesene ​ ​ 1.786 ±

0.012
Kerrola and Kallio (1994)

79 1675 1674 Phenyl acetaldehyde ​ 2.401 ±

0.003
0.404 ±

0.003
Perestrelo et al. (2006)

80 1695 1693 α-Humulene 0.402 ±

0.021
0.700 ±

0.023
1.098 ±

0.022
Joichi et al. (2005)

81 1702 – 10-Methyl-2-undecanonea 0.205 ±

0.001
​ ​ ​

82 1706 1704 2-Dodecanone ​ ​ 0.188 ±

0.001
Ledauphin et al. (2006)

83 1710 1704 γ-Muurolen 1.607 ±

0.056
3.202 ±

0.049
5.604 ±

0.048
Asilbekova et al. (2019)

84 1719 1706 α-Terpineol 1.796 ±

0.026
4.101 ±

0.022
1.806 ±

0.024
Schepetkin et al. (2022)

85 1722 1716 Leden 0.201 ±

0.001
0.404 ±

0.001
​ Capetanos et al. (2007)

86 1725 1732 Borneol ​ ​ 0.206 ±

0.001
Hazzit et al. (2006)

87 1726 1712 Dodecanal 0.103 ±

0.003
​ 0.304 ±

0.003
Babushok et al. (2011)

88 1734 1708 Zonaren 0.104 ±

0.002
0.302 ±

0.002
0.803 ±

0.002
(Süzgeç Selçuk et al., 2021)

89 1738 1726 Germacren D 0.298 ±

0.001
0.605 ±

0.001
0.683 ±

0.001
(G. Özek et al., 2018)

90 1741 1737 Valensen 0.201 ±

0.002
​ 0.604 ±

0.002
Gölükcü et al. (2015)

91 1747 1750 α-Muurolene 0.302 ±

0.002
0.502 ±

0.003
1.206 ±

0.002
Mahmood et al. (2004)

92 1750 – Methoxy phenyl oximea ​ 0.208 ±

0.007
1.701 ±

0.008
NIST Mass Spectrometry Data Center
(2024)

93 1752 – Nordasina-9,11-dienea 0.217 ±

0.001
​ ​ ​

94 1766 1766 Decanol 0.498 ±

0.004
0.288 ±

0.003
0.405 ±

0.004
Bardakci et al. (2012)

95 1768 1769 (E)-2-Undecenal 0.308 ±

0.001
​ ​ Lin et al. (2002)

96 1772 1772 Citronellol ​ ​ 0.301 ±

0.022
Choi and Sawamura (2000)

97 1777 1777 δ-Cadinene 1.204 ±

0.032
2.609 ±

0.036
4.885 ±

0.029
Dob et al. (2005)

98 1780 1736 Naphthalene 1.305 ±

0.042
9.407 ±

0.040
14.106 ±

0.045
Babushok et al. (2011)

99 1785 1785 γ-Cadinene 1.694 ±

0.021
2.799 ±

0.020
3.603 ±

0.019
Mendívil et al. (2006)

100 1800 1800 Octadecane ​ 0.186 ±

0.001
​ Asilbekova et al. (2019)

101 1803 1802 Cubenene ​ 0.101 ±

0.001
0.303 ±

0.002
Brophy et al. (1989)

102 1807 1815 α-Cadinene 0.383 ±

0.004
0.803 ±

0.003
1.307 ±

0.004
Zeng et al. (2011)

103 1824 1825 (E,E)-2,4-Decadienal ​ ​ 0.305 ±

0.001
Gocmen et al. (2004)

104 1829 1779 (E,Z)-2,4-Decadienal 0.404 ±

0.002
​ ​ Lin et al. (2002)

105 1841 1836 β-Damascone 0.201 ±

0.001
​ ​ Jirovetz et al. (2005)

106 1855 1842 (E)-β-Damascenone 0.307 ±

0.001
​ ​ (Y.-F. G. Wu and Cadwallader, 2002)

107 1858 1839 Geraniol 0.206 ±

0.002
0.106 ±

0.003
0.217 ±

0.002
Babushok et al. (2011)

108 1864 1886 cis-Calamenene 1.495 ±

0.024
1.708 ±

0.023
3.002 ±

0.022
Zeng et al. (2011)

109 1870 1871 Undecanol 0.103 ±

0.001
​ ​ Başer et al. (2006)

(continued on next page)
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Table 2 (continued )

No RRI
exp.

RRI lit. Compound HD MSD-SPME MSD-SPME Ref.

Ess. Oil
%

Leaves
%

Flowers
%

110 1872 1867 (E)-Geranyl acetone 0.598 ±

0.002
0.392 ±

0.002
0.306 ±

0.002
Kundakovic et al. (2007)

111 1873 1870 (Z)-Cinnamaldehyde ​ ​ 0.205 ±

0.001
(Möllenbeck et al., 1997)

112 1878 1834 6-Methyl-γ-ionone 0.202 ±

0.001
0.202 ±

0.002
0.408 ±

0.001
Avato et al. (2004)

113 1884 – 3-Hydroxy-2,4,4-trimethylpentyl-2-methyl propanoatea 0.301 ±

0.002
0.481 ±

0.002
0.603 ±

0.002
​

114 1889 – 2,2,4-Trimethyl-3-carboxyisopropyl isobutyl pentanoatea 0.403 ±

0.019
0.208 ±

0.012
0.188 ±

0.011
​

115 1898 1894 2,2-Dimethyl-1-(2-hydroxy-1-methylethyl)propyl-2-
methyl propanoatea

0.194 ±

0.001
0.307 ±

0.002
0.409 ±

0.002
Shiratsuchi et al. (1994)

116 1931 1942 β-Calacorene 0.102 ±

0.001
0.101 ±

0.001
0.107 ±

0.001
Noorizadeh and Farmany (2010)

117 1937 1904 Phenylethyl alcohol ​ 0.504 ±

0.027
0.777 ±

0.022
Babushok et al. (2011)

118 1950 1941 α- Calocorene 0.304 ±

0.002
0.203 ±

0.001
0.408 ±

0.001
Polatoğlu et al. (2017)

119 1964 1935.5 (E)-β-Ionone 1.096 ±

0.018
0.884 ±

0.015
0.302 ±

0.014
Babushok et al. (2011)

120 1970 1970 Dodecanol 1.703 ±

0.001
0.502 ±

0.001
0.176 ±

0.001
Ledauphin et al. (2004)

121 2000 1995 (E)-5,6-Epoxy-β-ionone ​ 0.389 ±

0.002
​ Castioni and Kapetanidis (1996)

122 2025 2001 Isocaryophyllene oxide 1.103 ±

0.001
​ ​ Suleimenov et al. (2003)

123 2030 – 1-Cyclopropyl-3,4-dimethyloxyeugenola ​ ​ 0.506 ±

0.014
​

124 2039 2041 Pentadecanal 0.295 ±

0.001
0.207 ±

0.001
0.101 ±

0.001
Cros et al. (2005)

125 2042 – 1-(4-tert-Butylphenyl) propan-2-onea 0.101 ±

0.002
​ ​ ​

126 2046 2037 Salvial-4(14)-en-1-one 0.704 ±

0.011
0.381 ±

0.012
0.200 ±

0.011
(Suleimenov et al., 2003)

127 2055 2060 Ledol 0.505 ±

0.024
​ ​ Sagrero-Nieves et al. (1997)

128 2062 2037 Isoamyl salicylate ​ 0.102 ±

0.001
​ Chang et al. (1989b)

129 2071 2088 4aβ,7α,7aβ-Nepetalactone ​ 0.208 ±

0.002
​ İşcan et al. (2011)

130 2082 2071 Humulene epoxide II 0.906 ±

0.012
​ 0.407 ±

0.012
Bardakci et al. (2012)

131 2090 2074 1,10-di-epi-Cubenol 0.307 ±

0.001
​ ​ Weyerstahl et al. (1998)

132 2096 2088 1-epi-Cubenol 0.298 ±

0.002
​ ​ Kaya et al. (1999a,b)

133 2099 2052 Junenol 1.301 ±

0.011
0.201 ±

0.001
0.188 ±

0.001
Wong et al. (2006)

134 2100 2100 Heneicosane 0.405 ±

0.024
​ 0.901 ±

0.026
Schepetkin et al. (2023)

135 2106 – Dibutyl maleatea 1.502 ±

0.002
​ 0.212 ±

0.002
​

136 2109 – 3-Methyl-2-(3,7,11-trimethyldodecyl) furana ​ ​ 0.100 ±

0.001
​

137 2111 – (Z)-2-Butenedioic acid, bis(2-methylpropyl) estera ​ 0.598 ±

0.004
​ ​

138 2113 2110 Viridiflorol 0.089 ±

0.001
​ ​ Bertoli et al. (2004)

139 2130 2131 Hexahydro farnesyl acetone 4.107 ±

0.003
0.501 ±

0.002
3.782 ±

0.003
Formisano et al. (2007)

140 2134 2097 Amyl salicylate 0.101 ±

0.001
​ ​ Soria et al. (2009)

141 2144 2140 Spathulenol 0.890 ±

0.002
0.287 ±

0.001
0.089 ±

0.001
Kundakovic et al. (2007)

142 2147 2120 (Z)-3-Hexen-1-ol benzoate 0.297 ±

0.011
0.201 ±

0.012
0.104 ±

0.011
Bisio et al. (1998)

143 2160 2168 Tetradecanol ​ 0.203 ±

0.001
0.182 ±

0.001
Vellutini et al. (2005)

144 2170 2159 Nonanoic acid (=Pelargonic acid) 0.596 ±

0.031
​ ​ Trendafilova et al. (2020)

145 2175 2104 6-epi-Cubenol 1.406 ±

0.002
​ ​ Erdurak et al. (2006)

(continued on next page)
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and 25.39 %.

3.3. Total phenolic, flavonoid contents, and biological activity

The results of these analyses are summarized in Table 4, which

presents a comparative evaluation of the total phenolic and flavonoid
content, as well as the antioxidant and enzymatic inhibition activities of
S. hololeuca essential oil and extracts.

Within the scope of the present research, the antioxidant activities of
the essential oil of S. hololeuca and its n-hexane, methanol, and water

Table 2 (continued )

No RRI
exp.

RRI lit. Compound HD MSD-SPME MSD-SPME Ref.

Ess. Oil
%

Leaves
%

Flowers
%

146 2182 2179 3,4-Dimethyl-5-pentylidene-2(5H)-furanone 0.311 ±

0.011
0.202 ±

0.001
0.287 ±

0.014
Baser et al. (2004)

147 2185 2184 Eugenol ​ 0.182 ±

0.001
0.503 ±

0.003
Trendafilova et al. (2020)

148 2191 2187 T-Cadinol 0.486 ±

0.021
​ ​ Süzgeç Selçuk et al. (2021)

149 2202 2182 2-Methoxynaphthalene ​ 0.381 ±

0.002
0.978 ±

0.002
Strangl et al. (2019)

150 2210 2209 τ-Muurolol 1.400 ±

0.017
​ ​ Schepetkin et al. (2023)

151 2221 2222 Torreyol 0.608 ±

0.001
​ ​ Trendafilova et al. (2020)

152 2235 2239 Carvacrol ​ 0.201 ±

0.013
​ Shukurlu et al. (2023)

153 2240 2229 Hexyl salicylate 0.287 ±

0.011
0.101 ±

0.012
​ Castioni and Kapetanidis (1996)

154 2265 2255 α-Cadinol 2.203 ±

0.001
0.103 ±

0.001
0.201 ±

0.002
Schepetkin et al. (2023)

155 2266 2256 Cadalene ​ tr ​ Lourens et al. (2004)
156 2269 2263 Decanoic acid(=Capric acid) 1.458 ±

0.023
​ ​ Trendafilova et al. (2020)

157 2282 2266 4,7-Dimethyl-1-tetralone 0.188 ±

0.012
​ ​ Weyerstahl et al. (1998)

158 2299 2299 Sebacic acid, di(2-hexyl) estera ​ 0.288 ±

0.011
​ ​

159 2300 2300 Tricosane 0.567 ±

0.002
0.109 ±

0.011
1.666 ±

0.016
(G. Özek et al., 2018)

160 2319 – 2-Ethylhexyl salicylatea 0.289 ±

0.001
​ ​ ​

161 2339 2320 14-Nor-cadin-5-en-4-one (isomer-1) 0.588 ±

0.016
​ ​ Başer et al. (1998)

162 2351 2345 Galaxolide I 0.382 ±

0.013
​ ​ Bardakci et al. (2012)

163 2373 2377 Hexadecanol 1.489 ±

0.025
​ ​ Umano and Shibamoto (1987)

164 2379 2346 Eudesma-4(15),7-dien-1-β-ol 0.579 ±

0.032
​ ​ Bendiabdellah et al. (2012)

165 2382 2309 Hexyl cinnamic aldehyde 0.883 ±

0.002
​ 0.092 ±

0.002
Vinogradov (2004)

166 2412 2320 14-Nor-cadin-5-en-4-one (isomer-2) 0.287 ±

0.001
​ ​ Başer et al. (1998)

167 2428 2419 4-Isopropyl-6-methyl-1-tetralone 0.385 ±

0.022
​ ​ Kaya et al. (1999a,b)

168 2451 2502 Dodecanoic acid (=Lauric acid) 11.000 ±

0.015
​ ​ Trendafilova et al. (2020)

169 2500 2500 Pentacosane 0.789 ±

0.032
​ 0.285 ±

0.021
(G. Özek et al., 2018)

170 2580 2581 Octadecanol 1.392 ±

0.012
​ ​ Umano et al. (2000)

171 2589 2573 Tridecanoic acid (=Tridecylic acid) 0.588 ±

0.010
​ ​ Pino et al. (2003)

172 2611 2622 Phytol 2.785 ±

0.028
​ ​ Schepetkin et al. (2023)

173 2640 – 2-Benzylidene-1-heptanola 0.306 ±

0.001
​ ​ ​

174 2694 2670 Tetradecanoic acid (=Myristic acid) 10.592 ±

0.033
​ ​ Trendafilova et al. (2020)

175 2798 2822 Pentadecanoic acid (=Pentadecylic acid) 2.102 ±

0.020
​ ​ Trendafilova et al. (2020)

176 2837 2304 14-Pentadecanolide 0.482 ±

0.002
​ ​ Wedge et al. (2009)

​ ​ ​ Total 90.873 96.605 95.814 ​

RRI: Relative Retention Index calculated for n-alkanes C7–C40.
*: ≥0.1 %; HD: hydrodistillation; tr: trace.
a identified from the Wiley mass spectra library”.
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Fig. 4. Chromatogram of methyl esters of fatty acids of lipids obtained from S. hololeuca leaves.

Fig. 5. Chromatogram of methyl esters of fatty acids of lipids obtained from S. hololeuca flowers.
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extracts were evaluated. The test results included an analysis of the
DPPH free radical scavenging effect, Trolox equivalent antioxidant ca-
pacity (TEAC), oxygen radical absorbance capacity (ORAC), and
β-carotene peroxidation inhibition assay.

In literature there are limited data on the phenolic and flavonoid
levels of Scabiosa species. The total phenolic content of S. arenaria Forssk
ranged from 34.77 to 269.09mgGAE/gextract, with flavonoid compounds
measured between 0.81 and 10.9 mgQE/gextract. The extracts and frac-
tions derived from S. atropurpurea subsp. maritima (L.) Arcang exhibited
a total phenolic content ranging from 17.7 to 186.75 mgGAE/gextract.
Additionally, the total flavonoid concentration varied between 4.38 and
208.69 mg catechin equivalent/g. The investigation of the methanolic
extract of S. sicula M. Bieb revealed a total phenolic concentration of
2.67 mgGAE/gextract. Polyphenolic content in methanolic extracts of
S. columbaria subsp. columbaria var. columbaria L. from Türkiye varied
between 269.833 and 640.111 μgGAE/mL, and flavonoid content varied
between 6.060 and 13.527 μg QAE/mL (Albayrak et al., 2024). This
study showed that the methanol extract of S. hololeuca had the highest
levels of phenols and flavonoids, with concentrations of 0.59 ± 0.01
mgGAE/gextract and 0.09 ± 0.006 mgQE/gextract, respectively.

According to the literature, the aqueous extract of S. arenaria has
been reported to exhibit potent DPPH free radical inhibition, with an
IC50 value of 0.18 mg/mL (Hafsa et al., 2009).The crude extracts of S.
tschiliensis Grüning demonstrated DPPH-scavenging activity, with an
IC50 value of 25.68 ± 1.21 μg/mL. The DPPH-scavenging capacity of
these plants was significantly higher than that of other Scabiosa species,
including S. comosa Fisch. ex Roem. & Schult. and S. arenaria (Wang
et al., 2017)

Literature reports indicate that the IC50 values for the crude extract
range between 22.42 and 415.23 mg/mL. The crude extract obtained
from the leaves exhibited the highest level of DPPH-scavenging activity
compared to other plant parts (Ben Jalloul et al., 2022). The present
study revealed that the IC50 values of the extracts varied between 0.24
and 2.28 mg/mL, while the essential oil showed no activity against
DPPH free radicals.

The extracts of S. hololeuca demonstrated good inhibitory potential
towards to ABTS radicals. The methanol extract of (2.51 ± 0.11) and
water extract (0.87 ± 0.06) had the highest TEAC values, respectively.
The TEAC value of the methanol extract from S. siculawas reported to be
as 0.34 ± 0.01 μg/mL. This is the concentration of Trolox solution that
exhibits the same antioxidant activity as a 1 mg/mL extract solution
(Kılınç et al., 2020). The TEAC value for S. arenariawas reported as 0.56
mMTE/gextract (Hafsa et al., 2009). The flower and leaf parts of
S. columbaria demonstrated the TEAC values as 267.381 ± 0.012 and
242.857 ± 0.003, respectively (Akar, 2021). According to reports, the
methanolic extract of S. atropurpurea showed the highest activity in
β-carotene peroxidation inhibition. The curves exhibited a high degree

Table 3
Different parts of S.hololeuca fatty acid methyl esters (FAME) analysis results.

“No RRI# Compound* Leaves Flowers

%

1 1194 Methyl hexanoate (=Caproic acid methyl
ester); (6:0)

– 1.202 ±

0.012
2 1296 Methyl heptanoate (=Enantic acid

methyl ester); (7:0)
– 0.503 ±

0.032
3 1396 Methyl octanoate (= Caprylic acid

methyl ester); (8:0)
– 5.342 ±

0.002
4 1536 Methyl nonanoate (=Pelargonic acid

methyl ester); (9:0
– 13.501 ±

0.017
5 1602 Methyl decanoate (=Capric acid methyl

ester); (10:0)
– 3.112 ±

0.026
6 1815 Methyl dodecanoate (=Lauric acid

methyl ester); (12:0)
– 0.708 ±

0.012
7 2016 Methyl tetradecanoate (=Myristic acid

methyl ester); (14:0)
1.791 ±

0.010
0.521 ±

0.023
8 2223 Methyl hexadecanoate (=Palmitic acid

methyl ester); (16:0)
20.103 ±

0.046
41.299 ±

0.011
9 2330 Methyl heptadecanoate (=Margaric acid

methyl ester); (17:0)
– 0.498 ±

0.021
10 2436 Methyl octadecanoate (=Stearic acid

methyl ester); (18:0)
4.691 ±

0.036
1.795 ±

0.018
11 2455 (Z)-9-Methyl octadecenoate (=Oleic

acid methyl ester); (18:1); ω-9
3.207 ±

0.022
0.504 ±

0.024
12 2509 (Z,Z)-9,12-Methyl octadecadienoate

(=Linoleic acid methyl ester); (18:2); ω-6
6.702 ±

0.015
1.608 ±

0.005
13 2542 Methyl nonadecanoate (=Nonadecylic

acid methyl ester); (19:0)
44.903 ±

0.001
14.502 ±

0.020
14 2560 (Z,Z,Z)-9,12,15-Methyl

octadecatrienoate (=α-Linolenic acid
methyl ester); (18:3); ω-3

15.584 ±

0.003
2.500 ±

0.009

15 2642 Methyl eicosanoate (=Arachidic acid
methyl ester); (20:0)

3.001 ±

0.036
0.607 ±

0.001
16 2843 Methyl docosanoate (=Behanic acid

methyl ester); (22:0)
– 1.982 ±

0.014
17 3050 Methyl tetracosanoate (=Lignoceric acid

methyl ester); (24:0)
– 1.403 ±

0.041
​ ​ Total 99.982 91.587
​ ​ Total saturated fatty acids 74.489 86.975
​ ​ Total unsaturated fatty acids 25.493 4.612

RRI#: Relative retention index of the methyl/ethyl derivative of the compound;
*: Fatty acid in the underivatized form ≥0.5 %”.

Table 4
Total phenol, flavonoid contents and biological activity results for S. hololeuca extracts.

Total phenol content
(mgGAE/g extract)

Total flavonoid content
(mgQE/g extract)

DPPH
(IC50, mg/
mLa)

TEAC (mM) ORACb

(TEμmol)
β-Carotene peroxidation
inhibition (IC50, mg/mL)

α-Amylase
inhibition (%)

Essential oil – – NE 0.15 ± 0.01 NE NE 20.72c

n-Hexane
extract

0.057 ± 0.003 NE 2.28 ±

0.05
0.51 ± 0.03 NE NE 13.25d

Methanol
extract

0.585 ± 0.015 0.093 ± 0.006 0.24 ±

0.01
2.51 ± 0.11 217.6 ±

11.8
1.3 ± 0.02 20.02e

Water extract 0.122 ± 0.004 0.011 ± 0.0007 1.21 ±

0.05
0.87 ± 0.06 238.9 ±

10.4
1.4 ± 0.16 10.73f

BHA – – – – – 0.01 ± 0.0005 –
GA – – 0.002 ±

0.0
– – – –

Acr – – – – – – 0.016 ± 0.006

BHA: butylated hydroxyanisole; GA: gallic acid; Acr: Acarbose.
a) : IC50 values are half maximal inhibitory concentrations.
b) ORAC values are determined for essential oil and extracts at 0.1 mg/mL; NE: Noneffective; %Inh.: % inhibition value determined for extracts at 10 mg/mL.
c) IC50 was not calculated; the value is 5 mg/mL.
d) IC50 was not calculated; the value is 0.078125 mg/mL.
e) IC50 was not calculated; the value is 0.625 mg/mL.
f) IC50 was not calculated; the value is 0.625 mg/mL.
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of similarity and demonstrated that their corresponding inhibition per-
centages were remarkably comparable, with values of 97.19 % and 100
%. The results indicate that the hexane and chloroform extracts
demonstrate a moderate degree of antioxidant activity, with percentages
of 64.17 % and 42.91 %, respectively (Ali-Rachedi et al., 2024). The
inhibition values for the methanol extract were 1.3 ± 0.001 mg/mL and
those for the water extract were 1.4± 0.16 mg/mL. The water extract of
S. hololeuca exhibits the highest ORAC activity. The study revealed a
significant positive connection between the antioxidant activity and the
total phenolic content of each extract. The α-amylase enzyme-inhibiting
effect of S. hololeuca extracts was found to be insufficient.

3.4. Analysis of silylated compounds

The compounds identified in the silyl derivatives of the S. hololeuca
aerial extracts were analyzed using GC-MS/FID, and the detected com-
pounds are presented in Table 5, with the reported values representing
the mean of three independent measurements along with their standard
deviations.

The literature on silylated compounds in extracts of the genus Sca-
biosa remains limited. In the analysis of 70 % ethyl alcohol extracts of
S. ochroleuca L., prepared using an ultrasonic extraction unit and a mi-
crowave bath extractor, significant differences in compound composi-
tion were observed. The ultrasonic extract contained L-lactic acid (28.0
%), ethyl ester of 7-chloro-7-oxoheptanoic acid (16.3 %), and quinic
acid as the major constituents. In contrast, the extract obtained using the
microwave bath extractor exhibited L-lactic acid (25.2 %), ethyl ester of
7-chloro-7-oxoheptanoic acid (22.1 %), and quinic acid (10.8 %) as the
predominant compounds.

In the our investigation and comparative analysis of silylated com-
pounds across the three extracts, significant variations were observed in
the most abundant constituents. The n-hexane extract predominantly
contained phthalic acid, bis(2-ethylhexyl) ester (47.174 ± 0.087), Ole-
anolic acid - 2TMS (25.911 ± 0.056), and hentriacontane (4.104 ±

0.016), with 95.550 % of its composition identified. In the methanol
extract, oleanolic acid - 2TMS (38.300 ± 0.057), ursolic acid - 2TMS
(12.124 ± 0.020), and sucrose - 8TMS (7.609 ± 0.027) were found in
the highest concentrations, with 89.071 % of its composition identified.
Conversely, the water extract was distinguished by the dominance of
quinic acid - 5TMS (19.036 ± 0.027), β-D-galactopyranoside, 1-O-
methyl - 4TMS (5.838 ± 0.017), and α-glucopyranose - 5TMS (5.397 ±

0.003), and 89.093 % of its composition was identified. These findings
from our study indicate that while the n-hexane and methanol extracts
are rich in triterpenic acids and hydrophobic compounds, the water
extract primarily consists of polar and sugar-derived compounds.

3.5. HPLC analysis

The phenolic acids (gallic, protocatechuic, caffeic, chlorogenic, p-
coumaric, ferulic, and o-coumaric acids) in S. hololeuca extracts were
analyzed using an RP-HPLC technique with gradient mobile system
(Öztürk et al., 2007). Table 6 presents the HPLC results of S. hololeuca
water and methanol extracts, where both the methanol and water ex-
tracts were analyzed in triplicate, and the values are expressed as the
mean along with their standard deviations.

Various research examined the effects of polar and nonpolar solvents
(Abad-García et al., 2007; Akowuah et al., 2005; Galanakis et al., 2013;
Horax et al., 2010; Palma et al., 2002). Researchers have documented
the extraction of higher molecular weight flavonoid glycosides and
phenols using polar solvents (Oreopoulou and Tzia, 2007). Polar sol-
vents were determined to be more successful in the efficient extraction
of phenolic acids due to the polar characteristics of phenolic compounds.
Apolar solvents, such as n-hexane, demonstrated reduced efficacy in the
extraction of phenolic acids (Mukhopadhyay et al., 2006). The extrac-
tion of chemicals such as protocatechuic acid, vanillic acid, and syringic
acid from winery wastes indicated that methanol was the most effective

Table 5
GC/MS analysis results of the silylated extracts obtained from the aerial parts of
S. hololeuca with extracts.

No RRI Compound Hexane
%

Methanol
%

Water
%

1 1281 Glycerol - 3TMS ​ 0.102 ±

0.011
​

2 1506 Malic acid - 3TMS ​ 0.299 ±

0.002
5.403
± 0.012

3 1529 Erythritol - 4TMS ​ tr ​
4 1694 α-D- Methyl xylopyranoside -

3TMSa
​ ​ 0.727

± 0.014
5 1729 Levoglucosan - 3TMS ​ ​ 0.103

± 0.004
6 1753 Xylitol - 5TMS ​ 0.818 ±

0.006
0.711
± 0.010

7 1767 2-Propylpentanoic acid.
2.3.4.6-tetra(trimethylsilyl)-1-
glucopyranosidea

​ 0.098 ±

0.001
​

8 1797 Tagatofuranose - 5TMS
(isomer-2)

​ 0.705 ±

0.021
2.604
± 0.018

9 1800 Unknown ​ ​ 1.202
± 0.005

10 1806 Quinic acid - 4TMS ​ 0.123 ±

0.003
​

11 1843 α-Fructofuranose - 5TMS ​ 0.206 ±

0.014
0.496
± 0.013

12 1846 Unknown ​ ​ 2.304
± 0.020

13 1849 Unknown ​ ​ 0.996
± 0.016

14 1852 β-d-Fructofuranose - 5TMS
(isomer-2)

​ 0.093 ±

0.001
​

15 1858 Fructopyranose - 5TMS ​ 0.106 ±

0.001
​

16 1885 α-d-Glucofuranose -5TMS ​ 0.124 ±

0.002
0.824
± 0.002

17 1890 α-D- Galactoside. 1-O-methyl -
4TMSa

​ ​ 0.404
± 0.001

18 1901 Quinic acid - 5TMS ​ 1.807 ±

0.015
19.036
± 0.027

19 1917 Gluconolactone - 4TMS ​ 0.103 ±

0.001
​

20 1929 α-Glucopyranose-5TMS ​ 1.206 ±

0.012
5.397
± 0.003

21 1932 β-d- Galactopyranoside. 1-O-
methyl - 4TMS

​ 0.614 ±

0.009
5.838
± 0.017

22 1942 β-Mannopyranose - 5TMS ​ tr ​
23 1945 Glucaric acid-γ-lactone - 4TMS ​ ​ 0.404

± 0.002
24 1949 trans-p-Coumaric acid - 2TMS ​ 0.095 ±

0.001
​

25 1971 Mannitol - 6TMS 0.104
± 0.001

2.301 ±

0.004
1.027
± 0.003

26 1987 γ-Lactone saccharic acid -
4TMS

0.107
± 0.001

1.302 ±

0.001
3.498
± 0.012

27 2003 Unknown ​ ​ 1.732
± 0.020

28 2023 β-Glucopyranose - 5TMS ​ 1.605 ±

0.025
5.021
± 0.018

29 2049 Hexadecanoic acid (=Palmitic
acid) - TMS

0.407
± 0.013

0.106 ±

0.001
0.417
± 0.005

30 2106 (E)-Ferulic acid - 2TMS ​ 0.101 ±

0.024
0.799
± 0.012

31 2113 Methoxycyclohexanepentol -
5TMS (isomer-3)

​ 0.111 ±

0.001
​

32 2127 myo-Inositol - 6TMS ​ 0.693 ±

0.014
2.206
± 0.015

33 2144 Sucrose – TMS (derivative) ​ 0.904 ±

0.002
​

34 2150 (E)-Caffeic acid - 3TMS ​ 0.207 ±

0.001
1.103
± 0.024

35 2179 Phytol-TMS ​ 0.106 ±

0.010
​

36 2217 (Z.Z)-9.12-Octadecadienoic
acid (=Linoleic acid) - TMS

​ 0.098 ±

0.001
​

(continued on next page)
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solvent. The utilization of organic solvents was discouraged (Lafka et al.,
2007). Thus, the utilization of polar solvents enabled the obtaining of
phenolic acids with increased purity and yield, increasing their appli-
cability in pharmaceutical and nutraceutical fields. The researches
highlighted that polar solvents are more effective for extracting phenolic
chemicals (Alara et al., 2021; Lee et al., 2009; Papoti and Tsimidou,
2009). So in this study, methanol and water extracts were used for
phenolic acid analysis.

The literature search revealed that six phenolic compounds were the
main constituents of the methanol extracts from S. columbaria subsp.
columbaria var. columbaria. The compounds identified were gallic acid,
catechin, 4-OH-benzoic acid, 4-OH-benzaldehyde, and chlorogenic acid
(Akar, 2021). The analysis of S. stellata extract revealed that the primary
compounds identified were isoorientin and 4-O-caffeoylquinic acid
(Rahmouni et al., 2018). Furthermore, compounds that have been re-
ported include caffeoylquinic acid, rutin, ursolic acid, cyanuric acid,
sinapic acid, luteolin, apigenin, quercetin, kaempherol, and tamarixetin.
Gallic acid, chlorogenic acid, caffeic acid, syringic acid, p-coumaric acid,
sinapic acid, ferulic acid, catechin hydrate, epicatechin-3-O-gallate,
luteolin-7-O-glucoside, and isorhamnetin, 3-O-glucoside, rutin, iso-
quercetin, myricetin, kaempferol-3-O-rutinoside, iso-
rhamnetin-3-O-rutinoside, quercetin, naringenin, luteolin,
isorhamnetin, and apigenin were identified in the hydromethanol
extract of S. atropurpurea subsp. maritima (Ben Jalloul et al., 2022).

The results of our analyses indicate that S. hololeuca contains sig-
nificant amounts of chlorogenic acid, caffeic acid, p-coumaric acid,
syringic acid, and ferulic acid. The study findings indicated a significant
positive correlation between the biological activity of the extracts and
the total phenolic content of each extract. these results are consistent
with the literature. Because of this, the phenolic compounds investi-
gated in the methanolic and water extracts of S. hololeuca are being
studied.

Table 5 (continued )

No RRI Compound Hexane
%

Methanol
%

Water
%

37 2250 Octadecanoic acid (=Stearic
acid) - TMS

0.119
± 0.001

​ ​

38 2261 Phthalic acid. hexyl oct-3-yl
estera

0.099
± 0.001

​ ​

39 2364 2-O-Glycerol-α-d-
galactopyranoside - 6TMS

​ tr ​

40 2421 Unknown ​ tr 1.409
± 0.007

41 2429 Sucrose – TMS (derivative) ​ 1.012 ±

0.029
3.7 ±

0.033
42 2448 Eicosanoic acid - TMS 0.106

± 0.002
tr ​

43 2471 Uridine - 3TMS ​ ​ 0.705
± 0.022

44 2535 Unknown ​ ​ 1.3 ±

0.014
45 2543 Sucrose – TMS (derivative) ​ 2.809 ±

0.013
​

46 2547 Phthalic acid. bis(2-
ethylhexyl) ester

47.174
± 0.087

​ 1.904
± 0.046

47 2646 Docosanoic acid (=Behenic
acid) - TMS

0.207
± 0.001

​ ​

48 2700 Heptacosane 0.205
± 0.002

​ ​

49 2713 Sucrose - 8TMS 0.108
± 0.001

7.609 ±

0.027
​

50 2800 Octacosane 0.306
± 0.023

​ ​

51 2817 Trehalose - 8TMS 0.200
± 0.001

2.107 ±

0.002
​

52 2843 neo-Trehalose - 8TMS ​ 0.777 ±

0.001
1.206
± 0.004

53 2844 Tetracosanoic acid - TMS 0.333
± 0.005

​ ​

54 2900 Nonacosane 1.601
± 0.004

​ ​

55 2952 β.-Gentiobiose. octakis
(trimethylsilyl) ether
methyloxime (isomer-2)

​ 0.289 ±

0.002
​

56 2972 α-Gentiobiose - TMS ​ 0.306 ±

0.001
​

57 3000 Triacontane 0.333
± 0.001

​ ​

58 3001 Sucrose – TMS (derivative) ​ 0.921 ±

0.002
​

59 3028 Raffinose – TMS derivative ​ ​ 4.448
± 0.023

60 3031 Raffinose – TMS derivative ​ ​ 4.627
± 0.011

61 3042 Hexacosanoic acid (=Cerotic
acid) - TMS

0.302
± 0.001

​ ​

62 3044 Unknown ​ 2.403 ±

0.051
​

63 3100 Hentriacontane
(=Untriacontane)

4.104
± 0.016

​ ​

64 3184 crypto-Chlorogenic acid -
6TMS

0.100
± 0.001

2.522 ±

0.004
0.726
± 0.001

65 3200 Dotriacontane 0.407
± 0.024

​ ​

66 3244 Octacosanoic acid (=Montanic
acid) - TMS

0.908
± 0.003

​ ​

67 3252 Unknown ​ ​ 2.109
± 0.022

68 3264 Sucrose – TMS (derivative) ​ 2.857 ±

0.002
​

69 3275 Campesterol - TMS 0.314
± 0.005

​ ​

70 3300 Tritriacontane 3.023
± 0.002

​ ​

71 3347 Triacontanol - TMS 0.102
± 0.001

​ ​

72 3368 β-Sitosterol - TMS 2.487
± 0.021

0.904 ±

0.020
​

73 3378 Avenasterol - TMS 0.211
± 0.003

0.098 ±

0.003
​

Table 5 (continued )

No RRI Compound Hexane
%

Methanol
%

Water
%

74 3442 Triacontanoic acid - TMS 1.055
± 0.001

​ ​

75 3602 Oleanolic acid (=3-
β-hydroxyolean-12-en-28-oic
acid) - 2TMS

25.911
± 0.056

38.300
± 0.057

3.304
± 0.050

76 3619 Unknown 2.111
± 0.021

​ ​

77 3647 Ursolic acid (=3ß-3-hydroxy-
urs-12-en-28-oic acid) - 2TMS

3.106
± 0.024

12.124
± 0.020

1.403
± 0.031

Total 95.550 89.071 89.093

RRI: Relative retetntion indices.
tr: Trace (<0.1).
a Tentative identification from Wiley-NIST Library.

Table 6
The amounts of phenolic acid identified by reverse-phase HPLC in the extracts
examined.

Phenolic Acid Methanol Extract (μg/
gextract)

Water Extract (μg/
gextract)

p-Hydroxybenzoic
acid

0.734 ± 0.001 0.439 ± 0.001

Caffeic acid 0.993 ± 0.012 0.187 ± 0.014
Chlorogenic acid 0.518 ± 0.102 0.523 ± 0.010
Syringic acid 0.744 ± 0.008 0.222 ± 0.003
p-Coumaric acid 0.469 ± 0.002 0.598 ± 0.003
o-Coumaric acid 1.032 ± 0.023 0.968 ± 0.016
Ferulic acid 0.272 ± 0.001 0.954 ± 0.005
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4. Conclusions

This study represents the first comprehensive investigation of the
antioxidant and α-amylase inhibitory effects of S. hololeuca
(L. hololeuca), an endemic plant species, through n-hexane, methanol,
and water extracts.

The methanol extract exhibited the highest total phenol and flavo-
noid content, which correlates with its strong antioxidant activity. Both
methanol and water extracts demonstrated significant antioxidant po-
tential, likely due to the presence of phenolic acids, such as chlorogenic
acid and p-coumaric acid, which were identified in the polar extracts.
However, none of the tested extracts exhibited α-amylase inhibitory
activity, indicating that S. hololeuca may not be effective for α-amylase-
related metabolic disorders.

The essential oil composition of S. hololeuca was dominated by
dodecanoic acid, tetradecanoic acid, and alloaromadendrene. Further-
more, SPME analysis indicated that (E)-2-hexenal and naphthalene were
the main volatile compounds in the leaves, while naphthalene, 4-vinyl-
pyridine, and γ-muurolene were predominant in the flowers. The pri-
mary fatty acids identified in the leaves and flowers were nonadecanoic
acid and hexadecanoic acid.

Additionally, GC-MS analysis of silylated derivatives provided a
deeper insight into the chemical profile of S. hololeuca. The derivatiza-
tion process facilitated the identification of various organic acids,
sugars, and triterpenic compounds, including oleanolic acid and ursolic
acid, both of which are known for their bioactive properties. The
methanol and water extracts contained substantial amounts of quinic
acid and galactopyranoside derivatives, contributing to their polar na-
ture and potential biological activities. Moreover, the limited number of
studies on this subject in the literature underscores the significance of
elucidating the chemical composition of other Scabiosa species through
this research.

The findings suggest that S. hololeuca, a plant unique to Türkiye’s
flora, holds promise as a natural source for the food, pharmaceutical,
and cosmetics industries due to its rich antioxidant content and diverse
volatile compounds. The potential application of S. hololeuca in food and
pharmaceutical formulations could provide a natural alternative to
synthetic antioxidants. However, further toxicological and pharmaco-
logical studies are required to establish the safety and efficacy of this
endemic species for wider industrial applications.
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Data curation. Nilgün Öztürk: Writing – review & editing, Methodol-
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Başer, K.H.C., Özek, G., Özek, T., Duran, A., Duman, H., 2006. Composition of the
essential oils of Rhabdosciadium oligocarpum (Post ex Boiss.) Hedge et Lamond and
Rhabdosciadium microcalycinum Hand.-Mazz. Flavour Fragrance J. 21 (4), 650–655.
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K. Öğüt et al.

http://refhub.elsevier.com/S0305-1978(25)00077-8/sref24
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref24
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref24
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref25
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref25
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref25
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref26
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref26
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref26
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref27
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref27
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref27
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref28
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref28
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref29
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref29
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref29
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref30
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref30
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref30
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref31
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref31
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref32
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref32
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref33
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref33
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref34
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref34
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref35
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref35
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref35
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref36
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref36
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref37
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref37
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref38
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref38
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref39
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref39
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref39
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref40
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref40
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref40
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref41
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref41
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref42
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref42
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref42
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref43
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref43
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref44
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref44
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref44
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref45
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref45
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref46
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref46
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref46
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref47
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref47
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref47
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref47
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref48
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref48
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref48
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref49
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref49
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref49
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref50
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref50
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref50
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref51
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref51
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref51
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref52
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref52
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref53
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref53
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref54
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref54
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref54
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref55
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref55
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref55
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref56
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref56
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref56
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref56
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref57
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref57
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref58
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref58
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref59
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref59
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref60
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref60
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref60
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref60
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref61
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref61
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref62
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref62
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref63
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref63
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref63
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref64
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref64
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref65
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref65
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref65
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref66
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref66
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref66
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref67
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref67
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref67
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref68
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref68
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref68
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref69
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref69
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref69
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref70
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref70
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref71
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref71
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref72
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref72
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref72
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref73
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref73
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref73
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref73
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref74
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref74
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref74
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref75
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref75
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref76
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref76
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref76
http://refhub.elsevier.com/S0305-1978(25)00077-8/opt7xWr5xSU4N
http://refhub.elsevier.com/S0305-1978(25)00077-8/opt7xWr5xSU4N
http://refhub.elsevier.com/S0305-1978(25)00077-8/opt7xWr5xSU4N
http://refhub.elsevier.com/S0305-1978(25)00077-8/optLLJxsho9WZ
http://refhub.elsevier.com/S0305-1978(25)00077-8/optLLJxsho9WZ
http://refhub.elsevier.com/S0305-1978(25)00077-8/optLLJxsho9WZ
http://refhub.elsevier.com/S0305-1978(25)00077-8/optXn8zDG1wH4
http://refhub.elsevier.com/S0305-1978(25)00077-8/optXn8zDG1wH4
http://refhub.elsevier.com/S0305-1978(25)00077-8/optXn8zDG1wH4
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref77
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref77
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref78
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref78
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref78
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref79
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref79
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref79
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref80
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref80
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref81
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref81
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref81
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref82
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref82
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref83
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref83
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref83
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref83
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref84
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref84
http://refhub.elsevier.com/S0305-1978(25)00077-8/sref84


Biochemical Systematics and Ecology 122 (2025) 105028

17
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Özek, T., Özek, G., Baser, K.H.C., Duran, A., 2005. Comparison of the essential oils of
three endemic Turkish Heracleum species obtained by different isolation techniques.
J. Essent. Oil Res. 17 (6), 605–610.
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characterization of Cousinia sivasica Hub.-Mor. Asteraceae. Biol. Divers. Conserv. 11
(2), 16–21.

Ter Heide, R., 1976. Studies on terpenes: III. Gas chromatography of acyclic
monoterpene alcohols. Journal of Chromatography A 129, 143–154.

Thakeow, P., Angeli, S., Weißbecker, B., Schütz, S., 2008. Antennal and behavioral
responses of Cis boleti to fungal odor of Trametes gibbosa. Chem. Sens. 33 (4),
379–387.

Thomas, A.F., Bassols, F., 1992. Occurrence of pyridines and other bases in orange oil.
J. Agric. Food Chem. 40 (11), 2236–2243.

Toda, H., Yamaguchi, K., Shibamoto, T., 1982. Isolation and identification of banana-like
aroma from banana shrub (Michellia figo Spreng). J. Agric. Food Chem. 30 (1),
81–84.

Trendafilova, A., Ozek, G., Yurb, S., Goger, F., Ozek, T., Rangelov, M., Aneva, I., 2022.
Caracterización química, actividad antioxidante, potencial inhibidor de a-amilasa y
acetilcolinesterasa de Angelica pancicii Vandas ex Velen. Boletín Latinoamericano y
del Caribe de Plantas Medicinales y Aromáticas 21 (4), 418–430.
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