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Cephalaria syriaca L. is an annual medicinal plant with limited prior
research. This study investigated the total phenolic and flavonoid
content, antioxidant activity, and antiradical properties of Cephalaria
syriaca L. under different ecological conditions in Urmia, Iran,
including spring, delayed, and autumn planting dates, as well as full
irrigation, supplementary irrigation, and dryland regimes. The
extraction process involved mixing 1 g of seed powder with 10 mL of
ethanol-water solvent (70:30), followed by shaking at 1000 rpm for 3
hours and sonication at 40°C for 15 minutes. Total phenolics and
flavonoids were quantified wusing high-performance liquid
chromatography (HPLC), while antioxidant and antiradical activities
were measured via spectrophotometry. Data were analyzed using SAS
software and ANOVA. Results revealed that extracts from non-
irrigated, autumn-cultivated plants exhibited significantly higher total
phenolics (125.31 mg QUE/g), flavonoids (12.20 mg QUE/g), DPPH
radical inhibition (37.15%), nitric oxide radical scavenging (35.56%),
and superoxide radical inhibition (27.29%). HPLC analysis identified
gallic acid, chlorogenic acid, coumaric acid, and quercetin as the
primary polyphenols, with concentrations increasing under drought
stress. Notably, gallic acid showed the highest content (1222.11 mg
QUE/g), while cinnamic acid had the lowest (0.86 mg QUE/g).
Organoleptic evaluation of kefir enriched with *C. syriaca* extract
demonstrated that the addition of 0.2 mg/mL of extract yielded the
best results. These findings underscore the potential of *C. syriaca*
as a functional ingredient in pharmaceutical and food products,
leveraging its bioactive properties for health benefits.
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1.Introduction

Free radicals are highly reactive, unstable
molecules that include reactive oxygen species
(superoxide and hydroxyl radicals), reactive
nitrogen species (nitric oxide), and non-radical
species such as nitrous acid and hydrogen
peroxide [1,2]. These reactive oxygen species
induce oxidative stress in human biological
systems, compromising endogenous
antioxidant defense mechanisms [3]. Numerous
studies have demonstrated that free radicals
attack cellular components, leading to
physiological dysfunction [3]. Synthetic
preservatives commonly used in food products
can generate stable free radicals that have been
linked to carcinogenesis [4,5]. Consequently,
there has been growing interest in plant-derived
alternatives due to their lower side effects [6-
12]. Essential oils and plant extracts have
gained widespread application in
pharmaceutical and food industries owing to
their well-documented antimicrobial and
antioxidant properties [13,14]. Cephalaria
syriaca L., a member of the Dipsacaceae
family, represents one of seven identified
genera of medicinal plants [15]. Native to
eastern and southeastern Turkey, -central
Anatolia, the eastern Mediterranean, western
and central Asia, southern Europe, and northern
and southern Africa [16,17], this species has
also been reported in Iran [18]. Although
frequently classified as a wheat field weed that
reduces crop yield [18], Cephalaria syriaca L.
possesses notable medicinal properties,
including sedative and relaxing effects [18].
Phytochemical investigations have revealed
that various compounds from Cephalaria
species  including iridoids, flavonoids,
triterpenes, alkaloids, and lignans - have been
used in traditional medicine for centuries
[19,20]. These compounds exhibit diverse
biological activities such as antimicrobial,
antifungal, antioxidant, and cytotoxic effects
[19,20]. Despite these significant therapeutic
potentials, = comprehensive  studies  on
Cephalaria syriaca L. remain limited [20]. This
drought-tolerant species shows particular
promise for cultivation in arid and semi-arid
regions like Iran, where water scarcity is
increasingly problematic. The current study
represents the first systematic investigation of
Cephalaria syriaca L. in West Azerbaijan
province, Iran, focusing on optimizing
cultivation conditions to enhance production of
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phenolic compounds, flavonoids, and phenolic
acids while evaluating its radical scavenging
capacity against nitric oxide and superoxide
radicals. Given Iran's arid climate and the
growing need for drought-resistant crops, this
research specifically examines: the effects of
different irrigation regimes (full irrigation,
supplementary irrigation, and dryland farming),
planting dates (spring, delayed, and autumn
cultivation), and their combined impact on
bioactive compound production in Cephalaria
syriaca L. under Urmia's ecological conditions.
Furthermore, we evaluated the potential
application of optimized Cephalaria syriaca L.
extracts for enriching functional food products,
particularly kefir, based on their organoleptic
properties and bioactive content.

2. Materials and Methods

2.1. Materials

The seeds of Cephalaria syriaca L. were
obtained from Turkey and cultivated in the
experimental field of the Department of Plant
Production and Genetics, Faculty of
Agriculture, Urmia University. The experiment
was conducted as a split-plot arrangement
within a randomized complete block design
(RCBD) with three replications. The first factor
consisted of irrigation regimes at three levels
(rainfed, supplemental irrigation: applied at two
stages (during flowering and seed filling, and
full irrigation), while the second factor included
different planting dates (autumn planting:
October 6, delayed planting: December 6, and
spring planting: April 4). Other nutritional
materials, including kefir grains, milk, doogh (a
traditional Iranian yogurt drink) from Pegah
Dairy Company, sugar, and powdered milk,
were purchased from the local market in Urmia.
Chemical reagents, including acetic acid,
hydrochloric acid, chloroform, acetonitrile
(HPLC  grade), potassium dihydrogen
phosphate, and methanol (HPLC grade, Sigma-
Aldrich, USA), were supplied by Adoora Teb
Co. (Urmia, Iran).

2-2-Methods

1-2-2- Optimization of Extract Extraction from
Cephalaria syriaca L.

Double-distilled water was prepared using a
Fisons apparatus. The extraction of Cephalaria
syriaca L. seed extract was performed
following the method described by
Soleimanifard et al. (2019) with minor
modifications. In this method, the dried plant
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parts were first ground into a fine powder using
an electric mill (Sunny, Model SG-80).
Subsequently, 1 g of the resulting powder was
transferred into a sealed glass vial, and 10 mL
of an ethanol-water (70:30) extraction solvent
was added. The vial was then placed on an
orbital shaker for 3 hours at 1000 % g for
thorough mixing, followed by 15 minutes of
sonication at 40°C in an ultrasonic bath. The
extracted solution was then combined with the
previously separated extract and subjected to
lyophilization (freeze-drying at —80°C under
0.001 mbar pressure for 24 hours). The dried
extract was reconstituted in the same solvent
used for extraction, filtered through a 0.45-um
membrane filter, and then used for further
analysis [21].

2-2-2-I1dentification and Quantitative
Determination of Phenolic Acids (Polyphenolic
Compounds) Using High-Performance Liquid
Chromatography (HPLC)

The isolation, identification, and quantitative
determination of the phenolic acids investigated
in this study were performed using a high-
performance liquid chromatography (HPLC)
system (Agilent 1100 series, USA) equipped
with a 20 pL injection loop, a quaternary
solvent gradient pump, a degassing system, a
column oven (set at 25°C), and a diode array
detector (DAD) adjusted to wavelengths of 250,
272, and 310 nm. A 25 pL microsyringe (SGE,
model F-LC25, Australia) was used for sample
loading and injection into the HPLC system.
For the separation and quantitative
measurement of phenolic acids in the extracted
samples, the HPLC system was fitted with an
octadecylsilane (C18) column (ZORBAX
Eclipse XDB, 25 c¢m in length, 4.6 mm in
diameter, and 5 pm particle size) along with a 1
cm guard column. The system was also
equipped with dual reciprocating pumps, an
oven, an online degasser, a 20 uL. sample loop,
and a UV/Visible detector (SPD-10 AVP,
USA) featuring an 8 pL quartz flow cell. Data
acquisition and analysis were conducted using
ChemsStation software. Prior to use, the HPLC
solvents (acetic acid, acetonitrile, and distilled
water) as well as the extracted samples were
filtered through a 0.45 pm membrane filter
(Millipore). To achieve optimal compound
separation, a gradient elution program was
employed. Initially, the mobile phase consisted
of 10% acetonitrile and 90% 1% acetic acid
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solution at a flow rate of 1 mL/min. Over 5
minutes, the composition was adjusted to 25%
acetonitrile and 75% 1% acetic acid solution
while maintaining the same flow rate.
Subsequently, over the next 10 minutes, the
ratio was further modified to 65% acetonitrile
and 35% 1% acetic acid solution, still at a flow
rate of 1 mL/min. The total separation time was
15 minutes

3-2-2-Total Phenolic Content

The total phenolic content was determined
using the Folin-Ciocalteu method with slight
modifications [22]. Briefly, 100 mg of the
extract powder was dissolved in 1 mL of
methanol. Subsequently, 100 pL of the plant
seed extract was mixed with 100 pL of 50%
Folin-Ciocalteu reagent, 2 mL of 2% sodium
carbonate solution, and 2.8 mL of distilled
water. The resulting solution was incubated in
the dark at room temperature for 1 hour. The
absorbance was then measured at 720 nm using
a spectrophotometer, with a blank sample as the
reference. The total phenolic content of the
samples was calculated based on a gallic acid
standard curve and expressed as milligrams of
gallic acid equivalents per gram of dry plant
weight (mg GAE g™') [23].

4-2-2- Total Flavonoid Content

The flavonoid content in different plant parts
was determined using an aluminum chloride
colorimetric assay. Briefly, 500 uL of the plant
seed extract was mixed with 1.5 mL of 80%
methanol, 2.8 mL of distilled water, and 100 puL.
of 1 M potassium acetate solution. After 5
minutes of incubation, 100 pL of 10%
aluminum chloride solution was added. The
reaction mixture was allowed to stand for 40
minutes at room temperature. The absorbance
of the solution was then measured at 415 nm
using a spectrophotometer, with a blank sample
(containing all reagents except the plant extract,
replaced with an equal volume of 80%
methanol) as the reference. The total flavonoid
content was calculated based on a quercetin
standard curve and expressed as milligrams of
quercetin equivalents per gram of dry plant
weight (mg QE g™) [22].

5-2-2-Determination of Antioxidant Activity
by DPPH Method

To evaluate the antioxidant activity, the 2,2-
diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging assay was employed [24]. For this
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purpose, 50 puL of the plant-methanol extract
(containing 0.5 mL of different treatment
extracts mixed with 1.5 mL methanol) was
combined with 950 uL of DPPH solution. The
mixture was then kept in darkness for 40
minutes to allow the reaction to proceed.
Subsequently, the optical absorbance was
measured at 517 nm using a spectrophotometer.
_ (Ap —4s)
I (%) =——2 x100
Ap
In Equation 1, AB represents the absorbance of

the control sample (containing all reaction
components except the test sample), while AS
denotes the absorbance of the test sample.

6-2-2- Identification and Quantification of
Polyphenolic and Flavonoid Compounds

The polyphenolic and flavonoid compounds in
different extracts of Cephalaria syriaca L.
(seed and leaf) were identified by comparing
the retention times of sample peaks with those
of reference standards. The analysis followed
the method described by Soleimanifard et al.
(2019) [21]. For this purpose, a solution of 0.2
mg/mL.  in  methanol was  prepared.
Subsequently, 20 uL aliquots of the different
extracts and relevant standards were separately
injected into the HPLC system using a syringe
to determine the retention times of various
compounds. The quantification of polyphenolic
and flavonoid contents in the different extracts
was performed by measuring the peak areas and
comparing them with those of the
corresponding standard curves.

7-2-2-Nitric  Oxide Radical Scavenging
Activity

The percentage inhibition of nitrite free radicals
was calculated according to the method
described by Nikokhah et al. (2008) with minor
modifications [23]. Briefly, 10 pL of extract
was mixed with 0.5 mL of phosphate-buffered
saline (10 mM) and 2 mL of sodium
nitroprusside (10 mM), followed by incubation
at 25°C for 150 minutes. Subsequently, 0.5 mL
of the resulting solution was combined with 1
mL of sulfanilic acid (0.33% in 10% glacial
acetic acid) and allowed to stand for 5 minutes
to complete the reaction. Then, 1 mL of N-(1-
naphthyl)ethylenediamine dihydrochloride
(0.1%) was added, and the mixture was
incubated at 25°C for 30 minutes, resulting in
the formation of a diffuse pink color. The
absorbance was measured at 540 nm, and the
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percentage inhibition was calculated using the
following formula:

A —A
( blank sample) % 100

NO radical scavenging % =
Asample

where A_blank represents the absorbance of the
mixture without extract, and A_sample denotes
the absorbance of the mixture containing the
extract.

8-2-2-Kefir Grain Cultivation

In this study, kefir grains (a symbiotic
consortium of lactic acid bacteria and yeasts)
were cultured for 3 months in pasteurized post-
churned milk (1:5 ratio) supplemented with
powdered milk (West Azerbaijan province) and
either doogh or yogurt (Pegah Dairy) to adjust
pH. The cultures were maintained at 25°C in an
incubator equipped with an agitator. Aseptic
subculturing was performed every 24 hours in
sterile containers. Empirical additions of
powdered milk, yogurt, or doogh were made to
enhance kefir grain growth in the post-churned
milk medium. Following 24-hour incubation
periods, the kefir grains were separated from
the produced kefir. Subsequently, Cephalaria
syriaca extract powder was incorporated at
concentrations of 0.1, 0.2, and 0.3 mg per 100
mL of kefir, homogenized using a mixer, and
refrigerated for subsequent analyses [25].

9-2-2-Organoleptic Evaluation

The sensory characteristics of kefir beverage
treatments were assessed by a 12-member
trained panel. Panelists received standardized
training to evaluate key product attributes
including: color homogeneity, extract powder
dispersibility, beverage consistency, fresh taste,
appropriate aroma, and overall acceptability.
The evaluation employed a 5-point hedonic
scale (5=excellent, 4=good, 3=average,
2=poor, 1=very poor). Between sample
assessments, panelists cleansed their palates
with plain bread and water to prevent sensory
fatigue [21].

10-2-2-Statistical Analysis

Data were recorded and compiled in Excel prior
to statistical processing. A  split-plot
arrangement within a randomized complete
block design (RCBD) with three replications
was analyzed using SAS version 9.4. Variance
analysis (ANOVA) was performed for all traits,
followed by mean separation using Duncan's
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multiple range test at a=0.05 significance level.
All graphical representations were generated
using Excel software.

3-Discussion and Conclusion
1-3-Optimization of Extraction Methods for
Cephalaria syriaca L. Extracts

Modern multi-solvent systems are widely
employed to optimize the extraction of phenolic
compounds from medicinal plants. Ethanol has
been recognized as both a safe and effective
solvent for phenolic compound extraction,
making it particularly suitable for recovering
these phytochemical groups, especially when
intended for nutraceutical  (food-drug)
applications [26]. Comparative analysis of
ethanol-water and acetone-water solvent
mixtures revealed that extracts obtained from
drought-stressed plants treated with ethanol-
water and acetone-water contained 22.6 and
18.4 mg/g gallic acid equivalents, respectively,
while fully irrigated plants yielded 14.8 and
11.3 mg/g. The data demonstrated that a 70:30
ethanol-water mixture achieved the highest
absorption at the characteristic wavelength for
gallic acid (720 nm) in non-irrigated plants.
These findings align with prior studies
investigating the effects of irrigation regimes
and Dbiofertilizers on morphological traits,
essential oil content, and phenolic/flavonoid
levels in *Foeniculum vulgare*, where the
highest essential oil yield and total phenolic
content were observed under well-irrigated
conditions [27]. Similarly, research on the
influence of sowing date and chemical
fertilizers on moisture content, flavonoids, and
germination indices in Lallemantia iberica
seeds reported peak flavonoid concentrations
(0.264 mg/g) in crops sown on March 5th,
reflecting a 63.97% increase compared to
October 15th planting [28]. Collectively, these
results underscore the critical role of solvent
selection and agronomic practices in
maximizing bioactive compound extraction
efficiency.

2-3-Phenolic and Flavonoid Content
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Table 1 presents the analysis of variance
(ANOVA) results for the chemical and
antioxidant properties of Cephalaria syriaca.
The highest phenolic content was observed in
non-irrigated  (21.96 mg/g gallic acid
equivalent), supplemental irrigation (17.62
mg/g), and full irrigation (14.25 mg/g)
treatments, respectively. A similar trend was
noted for flavonoid content, with the highest
levels recorded in non-irrigated (1.89 mg/g
gallic acid equivalent), supplemental irrigation
(1.51 mg/g), and full irrigation (1.2 mg/g)
treatments (Figure 1). Previous studies have
confirmed the antioxidant activity of
Cephalaria syriaca extracts [29, 30].

This plant contains numerous phenolic
compounds that exhibit a direct correlation with
its antioxidant activity. These compounds
function by scavenging free radicals through
their hydroxyl groups [31]. Plant phenolics are
secondary metabolites synthesized under
favorable environmental conditions via the
shikimic acid pathway and phenylpropanoid
metabolism [32]. These compounds play
significant physiological and ecological roles in
plant-environment  interactions, including
pollinator attraction, protection against biotic
and abiotic stressors, reproduction, anti-
herbivory properties, antimicrobial activity,
and as previously mentioned, antioxidant
functions [33]. Consequently, drought stress
has been shown to increase phenolic content in
Cephalaria syriaca, consistent with findings
from other studies. Given that the antioxidant
activity is associated with flavonoid content in
various parts of Cephalaria species [33], and
considering that the growth of these plant parts
is influenced by irrigation regimes, the
significant effect of water availability on this
trait was expected.
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Table 1. Variance analysis of biochemical traits of Cephalaria syriaca L. under different irrigation regimes and planting dates

Sources of change degrees of Mean square

freedom Total Total DPPH Nitric superoxide

phenol flavonoids  radical Oxide radical

Block 2 11.27 0.061 44.59 48.23 7.62
Irrigation regime 2 134.4 1.092 638.5 716.3 288.8
Error a 4 3.26 0.029 14.18 13.67 4.51
date of cultivation 2 11.25 0.083 62.39 332
Irrigation X planting 4 3.66 0.047 27.60 81.4 9.8
date
error b 12 3.71 0.027 15.34 38.77 7.74
coefficient of 10.73 10.68 20.39 32.21 1322

variation (%)

ns, * and ** are non-significance and significance respectively at the probability level

of five and one percent.

3-3-DPPH Radical Scavenging Activity

The DPPH (2,2-diphenyl-1-picrylhydrazyl)
assay is one of the most widely used methods
for evaluating the antioxidant potential of plant
extracts. In this study, the highest DPPH radical
scavenging activity was observed in drought-
stressed  (non-irrigated) plants (28.16%),
followed by supplemental irrigation (18.05%)
and full irrigation (11.43%) treatments.
Additionally, autumn cultivation (21.67%) and
delayed planting (19.53%) exhibited the
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strongest radical inhibition capacity (Figure 2).
The enhanced DPPH scavenging activity under
drought stress was expected, as antioxidants
mitigate oxidative damage by neutralizing free
radicals, thereby reducing physiological
deterioration and enhancing tissue resistance to
environmental stresses and microbial infections
[35]. Previous studies have confirmed the
DPPH inhibitory properties of Cephalaria
syriaca L. [18]. In line with this, Rahimi et al.
(2019) reported a scavenging activity range of
47.10% to 60.16% [30], which is higher than
the values observed in this study. However, the
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minimum inhibition rate (18.8%) reported by
Kavak and Bastiirk (2020) [36] aligns closely
with our findings. Given its strong antioxidant
capacity, Cephalaria syriaca L.shows promise

35 -
30
25 -
20
15 - c
10 -
5 |

DPPH radical inhibition %

n

for preventing foodborne diseases and could be
utilized in functional food or nutraceutical
applications [18].

ab

No irrigation Supplementa

Date of cultivauon

Full irrigation

—

Autumn Anticipatoryrigation Spring

irrigation

Fig 2. Simple effects of irrigation regime and cultivation date on the changes in DPPH radical scavenging

properties of Cephalaria syriaca L.

4-3-Identification and Quantification of
Polyphenolic Compounds

Table 2 presents the different polyphenolic
compounds identified in Cephalaria syriaca
L.under various experimental treatments.
Based on the total average, the major
compounds included gallic acid (1221.8 mg
QUE/g), chlorogenic acid (169.1 mg QUE/g),
coumaric acid (154.6 mg QUE/g), and crocin
(61.66 mg QUE/g). Minor compounds
consisted of caffeic acid (14.13 mg QUE/g),
rutin (11.31 mg QUE/g), rosmarinic acid (9.12
mg QUE/g), apigenin (6.83 mg QUE/g), and
cinnamic acid (0.47 mg QUE/g) (Table 2).
While gallic acid content showed minimal
variation between treatments, chlorogenic acid
reached its highest level in autumn cultivation
under drought stress (255.3 mg QUE/g) and its
lowest in spring cultivation with full irrigation
(101.4 mg QUE/g). The results clearly
demonstrate that both drought stress and
delayed cultivation increase coumaric acid
content in Cephalaria syriaca L.. Crocin levels
varied significantly (0-141.1 mg QUE/g), with
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the highest values observed in autumn
cultivation under drought stress and the lowest
in spring cultivation with full irrigation. A
similar trend was noted for other compounds.
The unique properties of polyphenols—such as
blood sugar regulation, cardiovascular
protection, and anticancer effects—combined
with their high concentrations in Cephalaria
syriaca L., highlight this plant's potential as a
valuable nutraceutical resource. The observed
variations in polyphenolic content across
different planting dates likely stem from
climatic differences induced by experimental
treatments. Moreover, increased polyphenolic
content under drought stress directly correlates
with enhanced antioxidant capacity. Previous
studies report that drought stress elevates
flavonoid (e.g., luteolin, apigenin) and phenolic
acid (e.g., chlorogenic acid) levels in medicinal
plants such as St. John's wort [37], sage [38],
and cumin [39]. These changes appear to result
from abiotic stress-induced modulation of key
genes and molecular mechanisms in the
phenylpropanoid pathway.
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Table 2. Polyphenol compounds of Cephalaria syriaca L. in the studied treatments (mg QUEg™)

Irrigation cultivation CA RA Ru GA ChA Co Qu CiIA A

No irrigation Autumn 2533 1325 19.17 12221 2553 2484 141.1 086 12.75
No irrigation Anticipatory 19.41 11.17 16.61 1222.0 2319 2034 132.0 0.6 10.08
No irrigation Spring 17.51 9.67 1646 12219 1974 1739 1183 0.5 8.05
Supplementary ~ Autumn 13.0 11.26 13.16 12219 185.1 1783 102.0 0.3 6.10
Supplementary  Anticipatory 12.04 10.87 9.19 1221.8 1744 1634 2841 0.28 5.77
Supplementary  Spring 14.63 9.87 898 1221.8 143.6 143.8 6.55 024 4.74
Full Autumn 13.19 984 6.57 1221.7 1177 130.2 1045 0.27 5.68
Full Anticipatory 9.00  2.51 592 1221.6 1153 1187 16.02 0.53 7.03
Full Spring 285 376 5.68 1221.6 1014 31.53 0.00 0.66 1.27
Total average - 14.13 9.12 1131 1222.1 169.1 1546 61.66 047 6.83

CA: caffeic acid, RA: rosmarinic acid, Ru: rutin, GA: gallic acid, ChA: chlorogenic acid, Co: coumaric acid, Qu:

quercetin, CiA: cinnamic acid, A: apigenin

5-3-Nitric Oxide and Superoxide Radical
Scavenging Activity

Nitrite has traditionally been used in meat
products like sausages as a color fixative and
preservative. However, nitrate from vegetables
can be converted to nitrite through bacterial
reactions in the human body, subsequently
forming carcinogenic nitrosamines [40].
Therefore, compounds that can scavenge these
precarcinogenic agents like nitrite may play a
protective role against cancer. Nitric oxide
(NO) and superoxide (O:7) play significant
roles in physiological functions [41], but these
free radicals can cause unlimited oxidation of
cellular components and damage biological
structures. An effective approach to neutralize
free radicals is through antioxidant compounds
that act as radical scavengers, highlighting the
importance of antioxidants in protecting cells
from oxidative damage, particularly under
drought stress conditions [42]. Nitric oxide, as
a free radical, contributes to inflammatory
diseases by reacting with superoxide to form
peroxynitrite (ONOQO"), a potent oxidant that
causes various oxidative damages [43]. Our
results on NO and superoxide radical
scavenging activity are presented in Figure 3.
Among irrigation treatments, the highest NO
scavenging capacity was observed in non-
irrigated (23.65%), supplemental irrigation
(12.23%), and full irrigation (6.07%)
treatments. Similarly, among planting dates,
autumn cultivation (16.86%), delayed planting
(14.23%), and spring cultivation (10.86%)
showed the highest NO inhibition (Figure 3a).

49

The superoxide scavenging capacity followed a
similar trend, with the highest activity in non-
irrigated (27.28%) and autumn cultivation
(22.94%), while full irrigation (16.21%) and
spring cultivation (19.09%) showed the lowest
activity. Supplemental irrigation (19.64%) and
delayed planting (21.1%) demonstrated
intermediate values (Figure 3b). These results
suggest that autumn planting and drought stress
(non-irrigation) are optimal for enhancing the
antioxidant capacity of Cephalaria syriaca
L.under experimental conditions. Previous
studies have reported that the antioxidant
activity of Thymus vulgaris increases under
drought stress [44]. Research on NO radical
inhibition has shown that anthocyanins and
phenolic compounds in berries, Phyllanthus
species, and pine bark exhibit potential NO
scavenging activity [45-46]. Experimental
evidence indicates that NO derived from
nitroprusside reacts with oxygen to form nitrite,
and plant extracts can competitively inhibit
nitrite  formation through direct radical
scavenging. Higher phenolic and flavonoid
concentrations correlate with greater inhibitory
effects [47]. Nikokhah et al. (2008) reported
similar findings in studies on blackberry,
mulberry, and strawberry extracts [29].
Analysis of polyphenolic compounds in
Cephalaria syriaca L. (Table 2) revealed that
non-irrigated and autumn cultivation treatments
contained the highest levels of gallic acid,
chlorogenic acid, coumaric acid, and quercetin.
This likely explains the enhanced NO and
superoxide inhibition observed under drought
stress and autumn planting conditions.
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6-3-Organoleptic Evaluation

Following the determination of the optimal
treatment (autumn cultivation under drought
stress) based on phenolic, antioxidant, and
radical-scavenging properties, varying
concentrations of the dried extract (0.1, 0.2, and
0.3 mg) were incorporated into 100 mL of kefir.
After homogenization and refrigeration, a
sensory evaluation was conducted by an expert
panel assessing color, extract powder

6

Value
= N w Y [9,]

o

Color Dispersibility Uniformity in
in solution the drink

fresh taste

dispersibility, beverage homogeneity, fresh
taste, desirable aroma, and overall
acceptability. The 0.2 mg/100 mL kefir
formulation is recommended as the optimal
dosage, effectively balancing functional
properties (e.g., antioxidant activity) with
minimal adverse effects on sensory attributes.
This concentration achieved the highest
consumer preference while preserving the
product’s organoleptic quality.

I|| II| II| “l “l Il‘ -

perfume General
acceptance

Properties

Fig 4. The results of the organoleptic test of kefir enriched with Cephalaria syriaca L. plant extract

powder
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4-Conclusion

The present study demonstrated that the extract
derived from Cephalaria syriaca L. subjected
to non-irrigated (drought stress) and autumn
cultivation exhibited a significant increase (p <
0.05) in total phenolic content, flavonoid
concentration, and radical-scavenging activity
(DPPH, nitric oxide, and superoxide radicals)
compared to other irrigation regimes. HPLC
analysis identified gallic acid, chlorogenic acid,
coumaric acid, and crocin as the dominant
polyphenolic ~ compounds,  with  their
concentrations positively correlated with
drought stress intensity. This suggests that
controlled water deficit enhances bioactive
compound biosynthesis in Cephalaria syriaca
L.. Furthermore, organoleptic evaluation of
kefir fortified with the optimized extract
revealed that the 0.2 mg/100 mL dosage
achieved the highest acceptability, balancing
functional efficacy with minimal sensory
alterations. These findings position Cephalaria
syriaca L.as a promising natural antioxidant
source for functional food applications,
particularly in dairy products.

5-References

[1]Cakir, A, Mavi, A, Kazaz, C, Yildirim, A. and
Kufrevio Glu, O.1. 2006. Antioxidant activities of
the extracts and components of Teucrium orientale
L. var. orientale. Turkish Journal of Chemistry, 30,
1-12. ISSN: 1300-0527

[2]Squadrito, G.L. and Pryor, W.A. 1998. Oxidative
chemistry of NO.: The roles of superoxide, ONOO-
, and carbon dioxide. Free Radical Biology &
Medicine, 25, 392-403.
https://doi.org/10.1016/S0891-5849(98)00095-1

[3] Alizadeh Behbahani, B. and Shahidi, F. 2019.
Melissa officinalis Essential Oil: Chemical
Compositions, Antioxidant Potential, Total Phenolic
Content and Antimicrobial Activity. Nutrition and
Food  Sciences  Research, 6(1), 17- 25.
https://doi.org/10.29252/nfsr.6.1.17

[4] Nooshkam, M, Varidi, M, and Verma, D.K.
2020. Functional and biological properties of
Maillard conjugates and their potential application
in medical and food: A review. Food Research
International, 131, 109003.
https://doi.org/https://doi.org/10.1016/j.foodres.
[5]Jalil Sarghaleh, S, Alizadeh Behbahani, B,
Hojjati, M, Vasiee, A, and Noshad, M. 2023.
Evaluation of the constituent compounds,
antioxidant, anticancer, and antimicrobial potential
of Prangos ferulacea plant extract and its effect on
Listeria monocytogenes virulence gene expression.

51

Frontiers in Microbiology, 14.
https://doi.org/10.3389/fmicb.2023.1202228

[6] Noshad, M, Behbahani, B. A, Nikfarjam, Z, and
Zargari, F. 2023. Antimicrobial activity between
Coriandrum sativum seed and Cuminum cyminum
essential oils against foodborne pathogens: A multi-
ligand molecular docking simulation. LWT, 185,
115217.
https://doi.org/https://doi.org/10.1016/j.Iwt.2023
115217

[7] Sureshjani, M.H, Yazdi, F.T, Mortazavi, S.A,
Behbahani, B. A, and Shahidi, F. 2014.
Antimicrobial effects of Kelussia odoratissima
extracts against food borne and food spoilage
bacteria" in vitro. Journal of Paramedical Sciences,
5(2), 115-120.
https://doi.org/10.22037/jps.v5i2.5943

[8] Yazdi, F. T, and Behbahani, B. A. 2013.
Antimicrobial effect of the aqueous and ethanolic
Teucrium polium L. extracts on gram positive and
gram negative bacteria “in vitro”. Archives of
Advances in  Biosciences, 4(4), 56-62.
https://doi.org/10.22037/jps.v4i4.4925

[9] Nooshkam, M, Varidi, M, and Alkobeisi, F.
2022. Bioactive food foams stabilized by licorice
extract/whey protein isolate/sodium alginate ternary
complexes. Food Hydrocolloids, 126, 107488.
https://doi.org/https://doi.org/10.1016/j.foodhyd
[10] Alizadeh Behbahani, B, Falah, F, Vasiee, A,
and Tabatabaee Yazdi, F. 2021. Control of microbial
growth and lipid oxidation in beef using a Lepidium
perfoliatum seed mucilage edible coating
incorporated with chicory essential oil. Food
Science &  Nutrition,  9(5), 2458-2467.
https://doi.org/10.1002/fsn3.2186

[11] Alizadeh Behbahani, B, Noshad, M, and
Jooyandeh, H. 2020. Improving oxidative and
microbial stability of beef using Shahri Balangu
seed mucilage loaded with Cumin essential oil as a
bioactive edible coating. Biocatalysis and
Agricultural  Biotechnology, 24, 101563.
https://doi.org/https://doi.org/10.1016/j.bcab.202
0.101563

[12] Yazdi, F. T, Tanhaeian, A, Azghandi, M,
Vasiee, A, Alizadeh Behbahani, B, Mortazavi, S. A.
and Roshanak, S. 2019. Heterologous expression of
Thrombocidin-1 in Pichia pastoris: Evaluation of its
antibacterial and antioxidant activity. Microbial
Pathogenesis, 127, 91-96.
https://doi.org/https://doi.org/10.1016/j.micpath.
2018.11.047

[13] Alizadeh Behbahani, B, and Imani Fooladi, A.
A. 2018. Development of a novel edible coating
made by Balangu seed mucilage and Feverfew
essential oil and investigation of its effect on the
shelf life of beef slices during refrigerated storage
through intelligent modeling. Journal of Food
Safety, 38(3), e12443.
https://doi.org/https://doi.org/10.1111/jfs.12443



https://doi.org/10.1016/S0891-5849(98)00095-1
https://doi.org/10.29252/nfsr.6.1.17
https://doi.org/https:/doi.org/10.1016/j.foodres
https://doi.org/10.3389/fmicb.2023.1202228
https://doi.org/https:/doi.org/10.1016/j.lwt.2023%20.115217
https://doi.org/https:/doi.org/10.1016/j.lwt.2023%20.115217
https://doi.org/10.22037/jps.v5i2.5943
https://doi.org/10.22037/jps.v4i4.4925
https://doi.org/https:/doi.org/10.1016/j.foodhyd
https://doi.org/10.1002/fsn3.2186
https://doi.org/https:/doi.org/10.1016/j.bcab.202
https://doi.org/https:/doi.org/10.1016/j.micpath
https://doi.org/https:/doi.org/10.1111/jfs.12443

Iranian journal of food science and industry

Number 166, Volume 22, December 2025

[14] Katar, D, Arslan, Y, Subasi, I, and Kodas, R.
2012. The effect of different sowing dates on yield
and yield components of Cephalaria (Cephalaria
syriaca)  under  Ankara/Turkey  ecological
condition. Biological Diversity and
Conservation, 5(3), 48-53. ISSN 1308-8084

[15] Ali, K.A, Sakri, F.Q. and Li, Q.X. 2012.
Isolation and purification of allelochemicals from
Cephalaria syriaca plant. International Journal of
Biosciences, 2, 90-103.

[16] Basar, S, Karaoglu, M.M, and Boz, H. 2016.
The Effects of Cephalaria Syriaca Flour on the
Quality of Sunn Pest (Eurygaster Integriceps).
Damaged Wheat. Journal of Food
Quality, 39(1),13-24.
https://doi.org/10.1016/j.jcs.2021.103215

[17] Ozar, A, Rahimi, A, Chiyaneh, E.R. and
Rezaeieh, K.A.P. 2016. Medicinal Plants of Sulduz
Region, West Azerbaijan Province, Iran and their
Characteristics. Der Pharmacia Lettre, 8(8), 36-44.
[18] Atalan, E, Bulbul, A.S. and Ceylan, Y. 2020.
Cephalaria  syriaca (L.): Investigation Of
Antimicrobial, Antibiofilm, Antioxidant Potential
And Seed Morphology. Freesenius Enviromental
Bulletin, 29(7), 3641-3649.

[19] Sultana, N, Tek, A.L. and Serge, S. 2017.
Karyotype analysis of Cephalaria syriaca cv.
Karahan, a new cultivar developed from a wild
population.  In International ~Symposium  on
Medicinal Aromatic and Dye plants. 403-410.

[20] Babaei, K, Amini Dehaghi, M, Modares
Secondari, M. and Jabari, R. 1389. The effect of
drought stress on morphological traits, proline
content and thymol percentage in thyme (Thymus
vulgaris) and Iranian medicinal and aromatic plants
research, 26(2): 251-239. [In Persian)

[21] Soleimanifard, M, Sadeghi Mahoonak, A,
Sepahvand, A, Heydari, R. and Farhadi, S. 2019.
Spanish olive leaf extract-loadednanostructured
lipid carriers: production andphysicochemical
characterization by Zetasizer, FT-IR, DTA/TGA,
FE-SEM and XRD. Journal of Food Processing and
Preservation. 43 (7),e13994.

[22] Chang, C.C, Yang, M.H, Wen, HM. and
Chern, J.C. 2002. Estimation of total flavonoid
content in propolis by two complementary
colorimetric methods. Journal of Food Drug
Analysis, 10,123-7.

[23] Meda, A, Lamien, C.E, Romito, M, Millogo, J.
and Nacoulma, O.G. 2005. Determination of the
total phenolic, flavonoid and proline contents in
Burkina Fasan honey, as well as their radical
scavenging activity. Food Chemistry, 91, 571-577.
https://doi.org/10.1016/j.foodchem.2004.10.006
[24] Azizian Shermeh, O, Taherizadeh, M,
Valizadeh, M. and Qasemi A. 2018. Robial and
antioxidant activities and determining phenolic and
flavonoid contents of the extracts of five species
from different families of the medicinal plants

52

grown in Sistan and Baluchestan Province. JFUMS,
7(4), 465-79. [In Persian]

[25] Soleimanifard, M., Alami, M., Heydari, R. A.,
Sadeghi Mahoonak, A. R., Najafiyan, G. 2018.
Extraction of kefiran and its effect on Farinography
properties of wheat dough and quality of France
bread. JFST, 14 (72), 301-312. [In Persian].
http://fsct.modares.ac.ir/article-7-9412-fa.html

[26] Naczk, M., and Shahidi, F. 2006. Phenolics in
cereals, fruits and vegetables: Occurrence,
extraction and analysis. Journal of Pharmaceutical
and Biomedical Analysis. 41: 1523—1542.

[27] Ramazanpoor, Z., Mir Mahmoodi, T., Yazdan
Seta, S. 2021. Study the effect of different irrigation
regimes and biofertilizers on morphological
characteristics, essential oil and phenol and
flavonoids contains in fennel (Foeniculum vulgare
Mill.) Environmental Stresses in Crop Sciences, 16,
531-545. [In Persian].
http://dx.doi.org/10.22077/escs.2023.4814.2072
[28] Karimi, T. 2022. Evaluate the effect of sowing
date and fertilizer on moisture content and flavonoid
content of seed Lallemantia (Lallemantia royleana
Benth.) during grain filling. Journal of Seed
Research, 12 (3), 1-16. [In Persian].ISSN: 2252-
0961.

[25] Nikkhah, A, Khayami, M. and Heydari, R.
2017. Investigating the inhibitory activity of nitric
oxide radicals by anthocyanin extracts of
blackberry, strawberry and blackberry fruits.
Scientific-Research Quarterly Journal of Medicinal
and Aromatic Plants of Iran. 25, 1, 120-128. [In
Persian]

[26] Rahimi, A, Siavash Moghaddam, S, Ghiyasi,
M, Heydarzadeh, S, Ghazizadeh, K. and Popovi¢-
Djordjevi¢, J. 2019. The Influence of chemical,
organic and biological fertilizers on agrobiological
and antioxidant properties of Syrian cephalaria
(Cephalaria Syriaca L.). Agriculture, 9(6), 122.
https://doi.org/10.3390/agriculture9060122

[27] Hatano, T, Yasuhara, T, Yoshihara, R, Agata, I,
Noro, T. and Okuda, T. 1990. Effects of interaction
of tannins with co-existing substances. VIL.:
inhibitory effects of tannins and related polyphenols
on xanthine oxidase. Chemical and Pharmaceutical
Bulletin, 38(5), 1224-1229. https://doi:
10.1248/cpb.38.1224.

[28] Razali, N, Razab, R, Junit, S. M. and Aziz, A.
A. 2008. Radical scavenging and reducing
properties of extracts of cashew shoots (Anacardium
occidentale). Food  chemistry, 111(1),  38-44.
https://doi.org/10.1016/j.foodchem.2008.03.024
[29] Sun, F, Hayami, S, Ogiri, Y, Haruna, S, Tanaka,
K, Yamada, Y. and Kojo, S. 2000. Evaluation of
oxidative stress based on lipid hydroperoxide,
vitamin C and vitamin E during apoptosis and
necrosis caused by thioacetamide in rat
liver. Biochimica et Biophysica Acta (BBA)-
Molecular Basis of Disease, 1500(2), 181-185.
https://doi.org/10.1016/S0925-4439(99)00100-3



https://doi.org/10.1016/j.jcs.2021.103215
http://dx.doi.org/10.22077/escs.2023.4814.2072
https://doi.org/10.1016/j.foodchem.2008.03.024
https://doi.org/10.1016/S0925-4439(99)00100-3b




Afshin Charehkhah et al

The effect of Cephalaria syriaca L. seed ...

[30] Chrzaszcz, M, Krzeminska, B, Celinski, R, and
Szewczyk, K. 2021. Phenolic Composition and
Antioxidant Activity of Plants Belonging to the
Cephalaria (Caprifoliaceae) Genus. Plants, 10(5),
952. https://doi.org/10.3390/plants 10050952

[31] Wang, S. Y, and Lin, H.S. 2000. Antioxidant
activity in fruits and leaves of blackberry, raspberry,
and strawberry varies with cultivar and
developmental stage. Journal of agricultural and
food chemistry, 48(2), 140-146. https:/doi:
10.1021/j£9908345.

[32] Kavak, C, and Bastiirk, A. 2020. Antioxidant
activity, volatile compounds and fatty acid
compositions of Cephalaria syriaca seeds obtained
from different regions in Turkey. Grasas vy
Aceites, 71(4), 379.
https://doi.org/10.3989/gya.0913192

[33] Caliskan, O, Radusiene, J, Temizel, K. E,
Staunis, Z, Cirak, C, Kurt, D., & Odabas, M. S.
2017. The effects of salt and drought stress on
phenolic  accumulation in greenhouse-grown
Hypericum  pruinatum. Italian ~ Journal  of
Agronomy, 12(3).
https://doi.org/10.4081/ija.2017.918

[34] Bettaieb, I, Hamrouni-Sellami, I, Bourgou, S,
Limam, F, and Marzouk, B. 2011. Drought effects
on polyphenol composition and antioxidant
activities in aerial parts of Salvia officinalis L. Acta
Physiologiae Plantarum, 33(4), 1103-1111.
https://doi.org/10.1007/s11738-010-0638-z

[35] Rebey, 1.B, Zakhama, N, Karoui, 1.J, and
Marzouk, B. 2012. Polyphenol composition and
antioxidant activity of cumin (Cuminum cyminum
L.) seed extract under drought. Journal of food
science, 77(6), C734-C739.
https://doi.org/10.1111/.1750-3841.2012.0273 1 .x.

[36] Bartsch, H. and Montesano, R., 1984.
Relevance of nitrosamines to human cancer.
Carcinogenesis, 5, 1381-1393.

https://doi.org/10.1136/0em.57.3.180

[37] Zhonggao, C, Felgines, O, Texier, C, Besson,
D.J, Liu, J. and Wang, S. 2005. Antioxidant
activities of total pigment extract from blackberries.
Food Technology and Biotechnology, 43(1), 97-
102. ISSN 1330-9862

[38] Nickavar, B, Alinaghi, A. and Kamalinejad, M.
2008. Evaluation of the antioxidant properties of
five Mentha species. Iranian Journal of
Pharmaceutical Research, 7(3), 203-209.
https://doi.org/10.22037/ijpr.2010.766

[39] Tsuda, T, Kato, Y. and Osawa, T. 2000.
Mechanism for the peroxynitrite scavenging activity
by anthocyanins. Federation of European
Biochemical Societies Letters, 484, 207-210.
https://doi.org/10.1016/s0014-5793(00)02150-5.
[40] Pergola, C, Rossi, A, Dugo, P, Cuzzocrea, S.
and Sautebin, L. 2006. Inhibition of nitric oxide
biosynthesis by anthocyanin fraction of blackberry

53

extract. Nitric Oxide, 15(1), ¢30-39.
https://doi.org/10.1016/j.ni0x.2005.10.003.

[41] Yu, L, Zhao, M, Wang, J.S, Cui, C.h, Yang, B,
Jiang, Y. and Zhao, Q. 2007. Antioxidant,
immunomodulatory and anti-breast cancer activities
of phenolic extract from pine (Pinus massoniana
Lamb.) bark. Innovative Food Science and
Emerging Technologies, 9, 122-125.
https://doi.org/10.1016/j.ifset.2007.06.006

[42] Marcocci, L, Packer, L, Droy-Lefai, MT,
Sekaki, A. and Gardes-Albert, M. 1994. Antioxidant
action of Ginkgo biloba extracts EGb 761. Methods
of Enzymology, 234, 462-475.
https://doi.org/10.1016/0076-6879(94)34117-6.


https://doi.org/10.3390/plants10050952
https://doi.org/10.3989/gya.0913192




XL AT A RSP b & W O e

e mbio 5 pske aloes
& 3

www.fsct.modares.ac.ir :aows Colu

‘;i'.h‘,jgg_‘fqlﬁ Je

bl sy il Szl s el \J ¢ (Cephalaria syriacaL.) ;s L Ylaw &ls o lae 36

S G g hS e gl

‘e mas W T eld g o Sledde o) gt Tpdke gl Lo T e sl ol oyl gt

s cn sl o815 (635 5LES 2 aSils ( ALS S ( ALS S 5 U5 wlige 03 S sl uwlid IS -

.4.:.4‘9)‘ uk:ﬂ})\ NS LLS).JJL:;S e ASils chthf ;S,‘Z.:j E) .LJ}J b ajJ§ L)L:.:«)"J—Y*

.C,..:) LQM amb ‘L;)'),L:S rjl.o o ISESs ‘Jbl':f gg.:i:;\ E) .,\J)J w.)m.@.ﬂ e)‘)f g)l:..ijb—\”

.Q\Sb)\ ‘QLS:)I oK..f,Jl: ‘Lf'"??lg CLA‘ 9 L;)'))L;:S e.,\.(.ij\: t‘;llv\—c C:L..p 9 (:}L& e‘;J§¢ )Libt.ﬂ‘—f.

Ol o 03 K o) B ol8ils (g5 5LaS oSl ¢ o g 5 ol AE (g5l 05 S ealiul-0

e LS dlas Sl
0586 a8 Al o Al o4l OLLE dus 31 (Cephalaria syriaca L.) ;s b Yl Al gla ot

JS SN 5 S OS5 ol Bagh 5 el 0dd BO1E 01 3550 53 (SH Olidos
S saoke)) gyl S5 ST dayl b co (55w sVl JI0ul 5 SlaSTas clld
53238 1 amlie 5 aallan 350 (3 ((JooSS bl (oS 5l 235 5 e3mb solsl o)l
4 e S 5 (Vo) OI-d 51 I il s Vo b (o US il 5o 510 8) Tl he sy ol
are b gles 53 akds V0 ke alg o TPMY 0 b Cody b gy sl Y o
Lo s 5 o (g olie 5,83l 5 alalid i osls 15 Sgs 15 plam o o5 Sl
by Jshas 5 GlamSIas clld g Seslul 5 b LS b ple SIS 5k S buy
03031 595 3 SAS Hl3le 5 3l slial b s Jlows g 4505 A5 (5 80511 20 55 58 g Km0l
S 5 bl O slass 4 b e 0k g Futl o )las 45 5l OLE ls A plst bty LT
«(Yo/¥+Amg QUEZ™ ) JS J 55 Ol 55 5503 5m0 Sl solel 503 23 99 4 S cs3mb
Sl Aoy (TVVE8) DPPH JIKiol, Sas lge dvys 5 (Y/YY mg QUEg! ) 455550
S DS alelid gl by (YVIYAY) ST gy (FO/0N) 4ST 4 25 51301
JB ok ol Sl 5 Olgea ity S 5 deal SHbsS ol K355 08 el SIE s 0L
0338 oS 53 T (gl gy (K3 A5 (I L DS 5 ol 45 LA plulid (g9 sk, Y lm
mg) dewl Kesliws 5 (VYYY/V 2 040Y mg QUEZY) uesl I OLsS Lol 5 55 45 (g5 6b 4 A
kb (Sl S K S s s 1y Jldde 5 5 5YY o 5 4 (/A1 QUEg!
6 s [y S e S e V1 5 05bas 3 p S e /Y Sl S 5 DL
dne gy (2138 5 (2955 DY pazme 53 (5o bVl oS Was gl B ol I Ol e 3ls OLE

A

VESYIVINY 1Sl )b

VECEITIYY s p b

1S olds

Sz SV &l o jlas
A E 5 Js Dl
S R KSR
(Sl

.j:jSLg)'Lﬂd:.'c

10.22034/FSCT.22.166.42.

O J s

emirl0357@gmail.com,
e.rahimi@urmia.ac.ir

54


mailto:emir10357@gmail.com
http://www.fsct.modares.ac.ir/

