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In this research, phytochemical compounds, antioxidant activity and polyphenolic compounds of 27
ecotypes of Echinops ritro were investigated. Total carotenoid and beta-carotene were evaluated as plant
pigments. Total phenol, total flavonoid, antioxidant activity and total carbohydrate content were
measured using Folin-Ciocalteu, aluminum chloride, anthrone and 2,2-diphenyl-1-picrylhydrazyl
(DPPH) methods, respectively. Hierarchical cluster analysis (HCA) and Principal component analysis
(PCA) were done among the traits using Minitab software. R software based on Pearson's method was
used for correlation between data. The highest levels of total carotenoid content (16.17 pg/g FW) and
beta-carotene (0.024 mg/g FW) were obtained in G19. The value of total phenol, total flavonoid,
antioxidant activity and total carbohydrate content were ranged between 5.42-22.60 mg GAE/g FW,
1.56-4.21 mg QUE/g FW, 2.30-16.52 mg AA/g FW and 1.76-6.66 mg/g FW, respectively. p-coumaric
acid (538.29 pg/g FW) were revealed as major phenolic compounds of Echinops ecotypes, being an
order of magnitude higher than the others. Based on HCA and PCA, twenty-seven of Echinops ecotypes
were divided into four main groups. Quantitative phenolic compounds were detected by high-
performance liquid chromatography. The findings showed that G19, G25, G12, G4, G15 and G4 of
Echinops ecotypes can be considered as an excellent source of total carotenoid content and beta-
carotene, total phenol content, total flavonoid content, antioxidant activity, total carbohydrate content
and p-coumaric acid, respectively. Therefore, the information from this research can be useful for
introducing valuable Echinops ecotypes for use in the food and pharmaceutical industries as well as
breeding projects.
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INTRODUCTION

The Echinops genus commonly known as globe thistles belongs to
Asteraceae family, which has approximately 120 species [1]. The
geographical distribution of this genus has been reported in the
tropical regions of Africa, Asia and the Mediterranean [2].
According to Flora Iranica, 54 species of Echinops have been found
in Iran, of which 35 species are endemic to Iran [3], Therefore, Iran
is considered as one of the most important centers of Echinops
diversity [4]. The general reasons for this diversity include the
existence of 11 out of 13 climates in the world and the diversity of
plant species in Iran [5]. Thiophenes, terpenoids, phenolic
compounds, flavonoids, alkaloids as well as essential oils and lipids
are important bioactive compounds detected in Echinops plants [6-
13]. According to bioactive compounds, Echinops species have
been traditionally used in the treatment of various diseases,
including the treatment of skin diseases, cold, liver diseases,
hydrocele, kidney stones, eye diseases, cough, food poisoning,
antipyretic and analgesic [6,7]. Many studies have been conducted
on the identification of phytochemical compounds of Echinops

spp., for example, in a research, echinopsine in E. echinatus, E.
nanus, E. albicaulis, E. orientalis, echinozolinone in E. echinatus,
echinopsidine in E. echinatus, 7-hydroxyechinozolinone in E.
echinatus and 1-methyl-4- quinolone in E. heterophyllus were
detected as alkaloid compounds in different organs of Echinops
spp. [6]. In another study, apigenin and rutin were reported as major
flavonoid compounds in E. albicaulis and E. heterophyllus,
respectively [10,14]. Dong et al. found that chlorogenic acid was
comprehensive phytochemical profiling for E. ritro remains
limited. Therefore, the aim of the present study was to investigate
phytochemical traits (including measurement of plant pigments
such as total carotenoids and beta-carotene, total phenols, total
flavonoids, and soluble carbohydrate content), evaluate the
antioxidant activity of plant extracts using by DPPH method, and
identify polyphenolic compounds of E. ritro ecotypes in northwest
Iran using HPLC compared to other regions for the first time.
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MATERIALS AND METHODS

Plant Material

The aerial parts of twenty-seven E. ritro ecotypes were collected
from two provinces of Iran (West Azerbaijan and Kurdistan) in
August 2022 (Table 1). Every sample was collected during the full
flowering stage for 30 days. After cleaning, the plant samples were
kept frozen until the factors were measured. Figure 1 shows the 27
ecotypes of E. ritro at the collection location. Adel Jalili and Ziba
Jamzad's "Red Data Book of Iran," a preliminary assessment of
endemic, uncommon, and endangered plant species in Iran, states
that E. ritro is not a threatened species and is classified as a stable
species by the IUCN. Nevertheless, the Iranian Natural Resources
Organization granted the required licenses and permits for the
collection of this species with least concern for harvesting.
According to the authors, the collection of E. ritro ecotypes was
conducted in accordance with institutional, national, and
international regulations and recommendations.

Fig. 1 Picture of different E. ritro ecotypes.

Measurement of Total Carotenoid Content and beta-
carotene

In the first step, 1 g of each plant sample was powdered with a
Chinese mortar and then a homogeneous mixture was prepared
from it with 10 ml of acetone. In the second step, the obtained
mixture was centrifuged (ROTINA 380/380R, Hettich, Germany)
at 10,000 rpm for 5 minutes. In the next step, the separated upper
phase of each sample was poured into the cuvette. Finally, the
absorbance of the samples was read by a spectrophotometer
(Dynamica Halo XB-10, England) at 470, 479, 645 and 663 nm.
Acetone was used as control. The amount of carotenoid [16] and
beta-carotene [33] was calculated using the following formulas:
Chla = (11.75A662 — 2.350As45)

Chlb = (18.61Ae45 — 3.960Ass2)

TCC = (1000A470 — 2.270Chla — 81.4Chlb227)

B-carotene = (0.854A479 — 0.312A645) + (0.039A663 — 0.005)

Preparation of Methanolic Extract

Methanolic extraction was performed in an ultrasonic (EImasonic,
Singen, 120 Hz power, Germany) in methanolic solvent. For this
purpose, 1 g of each plant sample was mixed with 10 ml of
methanol (80% v/v) and transferred into the falcons. The duration
of ultrasonic extraction was 30 minutes at 30 °C [33].

Measurement of Total Phenolic Content

The phenol content (TPC) was measured using Folin—Ciocalteu
reagent [17]. 180 pl of distilled water and 1200 pl of Folin (10%)
were added to 50 pl of the methanolic extract (80% v/v) of each
sample. 960 pL of sodium carbonate (7%) was added to them after
5 minutes. Then the samples were transferred for 30 minutes in the
dark at 25 °C. The absorbance of the samples was measured by a
spectrophotometer (Dynamica Halo XB-10, England) at 760
nanometers. Gallic acid was used as a standard to draw the
calibration curve (Fig. 2). The TPC was presented based on the
milligrams of gallic acid (mg GAE) per gram of fresh weight (g
FW).
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Fig. 3 Standard curve for determination of TFC

Measurement of Total Flavonoid Content

Total flavonoid content (TFC) was measured using aluminum
chloride reagent [18]. The reaction components for each sample in
the tube included 100 pl of methanolic extract (80% v/v), 500 pl of
aluminum chloride (10%), 500 pl of potassium acetate (1 M), and
1400 pl of distilled water. After storing the samples for 30 minutes
in the dark at 25 °C, the absorbance of the samples was read by a
spectrophotometer at 415 nm. Quercetin was used as a standard to
draw the calibration curve (Fig. 3). The TFC was recorded based
on milligrams of quercetin (mg QUE) per gram of fresh weight (g
FW).



283

Table 1 Characteristics and data of the study areas of E. ritro ecotypes

Mohammadi et al.

Code Voucher of samples Province Locality Longitude Latitude Height (m)
Gl 1510 West Azerbaijan Mahabad 45° 44" 30.41" 36° 48" 46.70" 1360
G2 1511 West Azerbaijan Mahabad 45° 41'38.49" 36° 45 21.23" 1416
G3 1512 West Azerbaijan Mahabad 45° 40' 10.46" 36°41'0.16" 1483
G4 1513 West Azerbaijan Oshnavieh 45° 7' 52.98" 37°2'12.27" 1436
G5 1514 West Azerbaijan Oshnavieh 45°7'22.39" 37°3'45.68" 1440
G6 1515 West Azerbaijan Oshnavieh 45° 3'52.96" 37°0'4.18" 1513
G7 1516 West Azerbaijan Nagadeh 45°21'27.84" 36° 59' 36.29" 1316
G8 1517 West Azerbaijan Nagadeh 45°22'5.23" 36°56'49.39" 1326
G9 1518 West Azerbaijan Nagadeh 45° 24' 29.05" 36° 56' 22.33" 1305
G10 1519 West Azerbaijan Piranshahr 45°9'20.31" 36° 38'9.56" 1430
Gl1 1520 West Azerbaijan Piranshahr 45°8'10.26" 36°43'30.09" 1491
G12 1521 West Azerbaijan Piranshahr 45°9' 35.05" 36°41'16.31" 1420
G13 1522 West Azerbaijan Sardasht 45° 24' 29.35" 36°9'46.48" 1574
Gl4 1523 West Azerbaijan Sardasht 45°33'0.81" 36°12'17.11" 1134
G15 1524 West Azerbaijan Sardasht 45°28'39.16" 36°9'9.52" 1529
G16 1525 Kurdistan Baneh 45° 48' 25.33" 36°1'13.81" 1429
G17 1526 Kurdistan Baneh 45°55'12.12" 35°59'30.58" 1647
G18 1527 Kurdistan Baneh 45°52'5.24" 35°59'21. 84" 1511
G19 1528 Kurdistan Mariwan 46°14' 7.17" 35°32'22.35" 1376
G20 1529 Kurdistan Mariwan 45°6'7.24" 35° 34" 33.64" 1313
G21 1530 Kurdistan Mariwan 46°9'28.39" 35° 31" 35.66" 1304
G22 1531 Kurdistan Divandarreh 47° 3'28.15" 35°53'28.10" 1792
G23 1532 Kurdistan Divandarreh 47°1'17.70" 35° 45" 37.42" 1827
G24 1533 Kurdistan Divandarreh 47°1'21.92" 35° 65" 14.38" 1941
G25 1534 Kurdistan Sagez 46° 15' 21.51" 36°14'0.51" 1483
G26 1535 Kurdistan Saqgez 46°13'18.18" 36° 12' 15.96" 1547
G27 1536 Kurdistan Saqgez 46° 12' 53.09" 36° 22' 34.21" 1544

Antioxidant Activity

To evaluate the antioxidant activity, 2 ml of freshly prepared 2,2-
diphenyl-1-picrylhydrazyl (DPPH) solution with 0.004 % of
inhibitory concentration was homogenized with 50 ul of methanol
extract of each sample. After 15 minutes, the absorbance of the
samples was read by a spectrophotometer at 517 nm. Ascorbic acid
was used as a positive control. Antioxidant activity was reported
based on milligrams of ascorbic acid (mg AA) per gram of fresh
weight (g FW). The inhibition percentage of DPPH by antioxidant
compound was calculated according to the following formula [19].
DPPH inhibition (%) = [A0-A1/AQ] x100

where AQ is the absorbance of control, Al is the he absorbance of
sample.

Total Carbohydrate Content

Ethanol extract was used to measure total carbohydrate content
(TCH). For this purpose, in the first step, 1 g of plant matter was
extracted with 5 ml of ethanol (96% v/v). After filtering and
transferring the supernatant to a separate tube, 5 ml of ethanol
(70% v/v) was added to residual plant material in the tube. In the
second step, all the solution was centrifuged at 4000 rpm for 10
minutes (ROTINA 380/380R, Hettich, Germany). The reaction
components in the final step included 50 pl of the ethanolic extract
of each sample and 3 ml of the prepared anthrone reagent (150 mg
in 100 ml of H2SO4) inside the tubes. Then the tubes were
transferred to Bain-Marie at 100 °C for 10 minutes. After cooling,
the absorbance of the sample was read at 625 nm. Glucose was
used as a standard to draw the calibration curve [20].

Extraction and Analysis of Phenolic Compounds by
HPLC

Quantities of phenolic chemicals were isolated, identified, and
determined using the samples' methanol extract. The extracts were
filtered by a 25 mm Nylon syringe filter 25mm before being
injected into the HPLC. The Agilent 1100 (HPLC) was used to
analyze nine phenolic compounds, including gallic acid, caffeic
acid, chlorogenic acid, rutin, p-coumaric acid, rosmaric acid,
quercetin, cinnamic acid, and apigenin. Its features included a
20uL injection loop, a degasser, a diode-array detector (HPLC-

DAD) which was adjusted at 250, 272, and 310 nm, a four-solvent
gradient pump, an Octadecylsilane column, and Chemstation
software for data processing. To appropriate isolate the
compounds, the elution process was applied as follow: the mobile
phase initially at a rate of 10% acetonitrile and 90% acetic acid
(1% solution) at a flow rate of 1 ml/min was performed, then, in
five minutes reached 25% acetonitrile and 75% acetic acid at a
flow rate of 1 ml/min. Finally, in 10 min, 65% acetonitrile and
35% acetic acid at the same flow rate was achieved. 15 minutes
was the isolation time [21]. Micrograms of phenolic compounds
per gram of fresh weight (ug/g FW) were used for recording.

Statistical Analysis

Analysis of all factors were performed in triplicate with an
experiment in CRD (completely randomized design). SPSS
software was used for data analysis. The least significant
difference (LSD) test was used for means comparison and
determination of significance level (P < 0.05). HCA (Hierarchical
cluster analysis) and PCA (Principal component analysis) were
done among the traits using Minitab software. Also, R software
based on Pearson's method was used for correlation between data.

RESULTS

Total Carotenoid Content and beta-carotene

Comparing the average data of total carotenoid and beta-carotene
content indicates a significant difference of these compounds in 27
ecotypes (P < 0.05). As Figure 4.A shows, G19 (16.17 ug/g FW)
and G17 (6.17 pg/g FW) have the highest and lowest amount of
total carotenoid content, respectively. The results of beta-carotene
content measurement showed that G19 (0.024 mg/g FW) had the
maximum as well as G17 (0.009 mg/g FW) had the minimum
amount of beta-carotene content (Fig. 4.B).

Total Phenol Content

The quantitative data analysis revealed that the level of TPC
ranged between 5.42 to 22.60 mg GAE/g FW (Fig. 5). TPC was
found significant (P < 0.05) among ecotypes. The maximum and
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minimum values of TPC were recorded in G25 and G13,
respectively.
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Fig. 4 (a) Total carotenoid content and (b) beta-carotene content
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Total flavonoid Content

The TFC is displayed in Figure 6. According to the TFC analysis
results in this research, there is a significant variation (P < 0.05) in
this compound amongst the 27 Echinops ecotypes. The range of
TFC varied between 1.56 and 4.21 mg QUE/g FW. The maximum
and minimum content of TFC was found in G12 and G19,
respectively.

Antioxidant Activity

Figure 7 shows the inhibition rate of DPPH free radical in
methanolic extracts of 27 Echinops ecotypes. As the results show,
different ecotypes show various antioxidant ability. Among them,
G4 (16.52 mg AA/g FW) and G13 (2.30 mg AA/g FW) had the
highest and lowest DPPH radical inhibition levels, respectively.

284

As among the 27 studied Echinops ecotypes, almost the lowest
TPC and TFC were reported in G13, in the same ecotype, the
minimum antioxidant activity was obtained. These findings show
that there is a very strong relationship between bioactive
compounds and antioxidant activity.
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Fig. 6 Total flavonoid content of E. ritro ecotypes.
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Fig. 7 Antioxidant activity of E. ritro ecotypes by DPPH assay.

Total Carbohydrate Content

The results of data analysis presented that there is a significant
difference in the level of TCH of 27 studied ecotypes. The amount
of TCH ranged between 1.76 and 6.66 mg/g FW. The maximum
and minimum of TCH were obtained in G15 and G6, respectively
(Fig. 8).
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Fig. 8 Total Carbohydrate content of E. ritro ecotypes.

Phenolic Compounds Analysis

In this research, the measurement of nine phenolic compounds
including gallic acid, caffeic acid, chlorogenic acid, rutin, p-
coumaric acid, rosmaric acid, quercetin, cinnamic acid and
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apigenin in the methanolic extract of E. ritro ecotypes were
performed by HPLC. The results showed that there is a significant
difference between the ecotypes in terms of the quantity of
phenolic compounds (P < 0.01). The chromatogram of G4 is
presented in Figure 9. This figure shows the detection of different
phenolic compounds at different times in G4 (Fig. 9). Rutin,
apigenin and p-coumaric acid were detected as main compounds
in E. ritro extracts that p-coumaric acid was the most abundant
compound overall. The concentration of evaluated phenolic
compounds is reported in Table 2. The results demonstrated that
the level of phenolic compound varied from 0.22-7.40, 0.20-3.02,
0.78-10.88, 0.12-28.31, 0.59-538.29, 0.10-4.72, 0.20-5.29, 0.10-
8.70 and 0.51-17.09 pg/g FW for gallic acid, caffeic acid,
chlorogenic acid, rutin, p-coumaric acid, rosmaric acid, quercetin,
cinnamic acid and apigenin, respectively. Maximum value of
gallic acid, caffeic acid, chlorogenic acid, rutin, p-coumaric acid,
rosmaric acid, quercetin, cinnamic acid and apigenin had appeared
in G15, G26, G15, G27, G4, G21, G14, G1 and G20 samples,
respectively (Table 2).
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Fig. 9 Chromatogram of phenolic compounds in G4.

Hierarchical
Analysis
Hierarchical clustering analysis (HCA) and principal component
analysis (PCA) are two statistical techniques whose purpose is to
classify similar objects and highlight the similarities between
variables, respectively [58,59]. In this work, Ward's linkage
method was used for cluster analysis (Fig. 10A). Four classes are
observed in the output dendrogram. The main classification was
performed based on the antioxidant activity, phytochemical and
phenolic compounds of Echinops ecotypes. In the first class, G27
and G4 have the highest amount of rutin and coumaric acid. In the
second class, G15, G14, G11, G9, G17, and G5 are similar in terms
of quantity of most phytochemical and phenolic compounds as
well as antioxidant activity. In the third class, G20, G12, G10,
G16, G18, and G3 contain the highest antioxidant activity and total
phenol content. In the fourth class, there are a large number of
ecotypes studied (i.e., G25, G22, G13, G7, G26, G23, G8, G6,
G24, and G19) that have low values of cinnamic acid, rutin,
apigenin, chlorogenic and coumaric acid. PCA grouping is
consistent with the results of cluster analysis (Fig. 10B). The first
and second components covered 33 and 17% of the total variance,
respectively (50% in total). The first component has a strong
correlation with gallic acid, antioxidant activity, TPC, and TFC.
The second component performs the separation of ecotypes based
on coumaric acid, beta-carotene and carotenoids.

Clustering and Principal Component

Mohammadi et al.

Correlation Analysis

Figure 11 shows the correlation results between phytochemical
traits and phenolic compounds in 27 Echinops ecotypes. Blue and
red colors express positive and negative correlation, respectively.
Correlation coefficients are proportional to the square size and
color intensity (Dark red, weak correlation; Dark blue, strong
correlation). Based on the results, the strongest correlation was
found between rutin, p-coumaric acid, total phenol, and flavonoid
content with antioxidant activity, followed by rosmaric acid and
quercetin, B-carotene and total carotenoid content, and apigenin
and cinnamic acid (Fig. 11). Also in this figure, the relationship
between TCH and other parameters appears weak.
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Fig. 10 (a) Hierarchical cluster analysis (HCA) and (b) principal
component analysis (PCA) of E. ritro ecotypes based on phytochemical
composition, antioxidant activity and phenolic compounds data.
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Chlor: chlorogenic acid, Comaric: p-coumaric acid, Rosmaric: rosmaric
acid, and Cinamic: cinnamic acid.
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Table 2 Phenolic compounds in aerial parts of E. ritro ecotypes (ng/g FW)

Code Gallic acid Caffeic acid Chlorogenic acid Rutin p-Coumaric acid Rosmarinic acid Quercetin Cinnamic acid Apigenin
Gl 0.30 u+0.02 0.40 Imno £ 0.02 5.89i+0.02 0.20 v £0.02 5.30v+0.05 1.51d +0.06 0.50i+0.03 8.70a+0.07 16.83 b +0.02
G2 5.40 c +0.04 1.21 fgh £ 0.03 1.19t+0.02 0.19v £0.02 4.01w+0.07 1.20 f+£0.03 0.49ij £ 0.03 0.401+0.03 3.81i+0.03
G3 3.301+0.01 1.89 bed £ 0.02 8.49 ¢ +0.03 16.20c £0.01 228.26d£0.04 0.50 h+ 0.02 2.90 b £0.02 0.29 m £ 0.02 3.39j+0.02
G4 3.90f+0.04 1.19 fgh £ 0.02 8.05d = 0.06 15.79d £ 0.04 538.29 a +0.08 0.50 h £0.02 1.40d +0.01 0.20 n £0.02 2.60m+0.03
G5 0.80 q £ 0.02 1.49 def £ 0.01 6.01h+0.03 4.301+0.02 95.491+0.03 0.22k +£0.01 0.50i+0.03 0.20n+0.01 2.701+0.03
G6 0.80q+0.04 0.61 jklmn £ 0.04 3.40n+0.02 2.39p £0.02 49.89 q +£0.03 0.30j+0.03 0.79 f +0.02 1.40e+0.02 320k+0.04
G7 0.32u+0.03 0.90 hijk = 0.02 2.30s+0.02 219q+0.01 39.20r+0.05 0.31j+0.03 1.02e+0.03 1.30 f+0.02 5719+0.03
G8 1.00 p+£0.02 0.20 no £ 0.03 2.30s+0.02 2.69 0+0.02 52.00 p £0.01 0.20 k +£0.03 0.301+0.05 0.401+0.03 7.62e+0.04
G9 0.40t+0.03 0.92 hij +0.01 6.899+0.01 2.21q+0.03 119.20 k + 0.03 0.30j+0.03 0.70 g +0.05 1.21g+ 0.04 6.10 f +0.02
G10 2.06 1+0.07 0.80 hijkl +0.02 3.89 k +0.03 11.39g+0.03 176.10 g + 0.03 0.59 g +0.02 0.22m+0.01 1.30 f+0.03 5.02h+0.03
G11 2.69k+0.03 1.69 cde + 0.03 4,02 j+0.03 7.52j+0.02 119.80 k + 0.02 0.30j+0.02 0.20m +0.02 1.02 1 +0.04 329k +0.04
G12 0.59r+0.03 ND 3.02p+0.03 15.10e £ 0.01 154.70 h £ 0.02 0.401+0.01 0.69g+0.03 2.19d £0.02 14.40 ¢ £ 0.02
G13 3.02j+0.02 0.49 kimn +0.03 0.78 v£0.02 1.195+0.03 38.60r+0.01 0.50 h+£0.03 0.39k £0.02 0.69j+0.02 2.43n+0.02
G14 1.090+0.01 1.50 def + 0.04 350 m£0.01 5.42 k £0.02 139.50i +0.03 3.69b+0.03 5.29a+0.04 0.49k £0.03 2.39n£0.02
G15 7.40a+0.04 1.02 ghij £ 0.03 10.88 a +0.03 9.191+0.02 129.73j +0.03 0.52 h +£0.03 0.59 h +0.04 2.23d+0.01 5.64 g +0.04
G16 5.61 b +0.03 1.39 efg + 0.02 10.30 b +0.04 9.70 h£0.03 201.30 f+£0.04 0.32j+0.01 0.23m=+0.01 1.13h+0.01 5.62 g +0.03
G17 3.30i+0.02 0.42 Imno £ 0.01 3.92k +0.03 3.33n+0.03 85.51 m +0.02 0.101+0.04 0.301+0.03 1.31f+0.03 329k +0.03
G18 3.81g+0.03 0.72 ijklm + 0.04 2,709 £0.02 12.79 f£0.02 216.22 e £0.02 0.32j+0.04 0.60 h +0.03 0.29 m £ 0.02 1.22q+0.01
G19 0.30 u£0.02 0.40 Imno £ 0.02 1.02u+0.01 0.30u+0.04 3.32w+0.01 2.09c+0.03 1.40d +0.03 0.120+0.01 0.60s+0.04
G20 401e+001 1.92 bc £ 0.04 6.89 g +0.02 21.72b +0.02 323.63¢+0.02 0.39i+0.03 0.42 k£0.01 2.84b£0.02 17.09 a £ 0.02
G21 0.29u+0.02 1.12 fghi £ 0.01 2.72q+0.01 0.72t+0.03 6.62 u+0.04 472a+0.03 1.82 ¢ +0.02 2.43¢c+0.05 9.32d+0.03
G22 1.41n+0.02 1.54 cdef + 0.05 3.210+0.02 3.33n+£0.02 32.03s5+0.01 0.221+£0.01 0.44 jk +0.04 0.421+0.02 2120+0.01
G23 1.72m +0.04 213b+0.01 3.811+0.03 2.690+0.04 56.82 0 + 0.05 1.30 e +0.02 1.02 e £0.02 0.32m=+0.01 321k +0.02
G24 0.50 s + 0.02 0.31 mno +0.01 7.79e+0.03 0.12w £ 0.04 0.59 x £0.02 0.20 k £0.02 1.04 e £0.04 0.33m+0.03 1.70 p £ 0.02
G25 0.23v+0.03 0.94 hij £ 0.01 2.64r+£0.05 1.32r+0.02 25.92t+0.02 0.131+0.01 0.70 g £0.05 0.110+0.02 0.51t+0.03
G26 0.22v +0.03 3.02a+0.02 7.23f+0.01 4.12m£0.02 57.89 n+0.03 0.31j+0.01 0.80 f £ 0.05 0.421+0.01 2.100+0.02
G27 4.42d+0.01 1.40 efg = 0.02 3.40n+0.05 28.31a+0.04 505.50 b £0.1 0.30j+0.05 0.301+0.06 0.100+0.01 0.98r +0.05
Sig. o o wx ** ** wx *x *x o

ND: Not Detected
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DISCUSSION

Beta-carotenes are a member of the carotenoid family, which have
a range of yellow, orange, and red pigments [22]. The human body
is not able to synthesize carotenoid compounds [23], while many
plants have the potential to produce these compounds [24]. Among
the biological effects of these pigments on the human body, it can
be mentioned that they are precursors for the synthesis of vitamin
A, enhance Immunity, and prevent chronic-degenerative diseases
such as cancer and cardiovascular disease [25]. Based on the above
evidence, it can be said that carotenoids and beta-carotene can play
an important role in human health [26]. Therefore, it seems
necessary to supply these compounds through the consumption of
plants [27].

Phenolic compounds are one of the largest groups of natural
products that can be found in a wide range of plants [28]. These
compounds are natural antioxidants that can play an important role
in free radical scavenging [29]. In a study, the level of TPC in E.
emiliae was found to be 23.52, 1.87, and 29.93 mg GAE/g DW in
methanolic, chloroform, and hexane extracts, respectively [30]. In
another paper, the amount of TPC in the methanolic extract of E.
spinosissimus root was reported to be 95.31 mg GAE/g DW [31].
The concentration of TPC was detected to be 575.5 mg GAE/g DW
in the root of E. polyceras [27]. In the study of two species of E.
ritro and E. tournefortii, the amount of TPC in the methanolic
extract was 83.45 and 76.81 mg GAE/100 g DW, respectively [32].
Based on the studies mentioned above, it can be said that presence
of TPC in plants strongly depends on the type of extraction solvent,
geographic origin, and ecotype [30,33]. One of the most common
polyphenol compounds is flavonoids, which are found in almost all
plant organs [34]. Flavonoids are made through the
phenylpropanoid pathway, and their activity depends on the
structure [35,36]. In the research of Sytar et al., the TFC in E. ritro
was recorded as mg QE/mg DW [37]. Al-Assaf and Khazem
reported that level of TFC in methanolic, ethanolic (50% v/v), and
distilled water extracts of E. polyceras root was 130, 119, and 103
mg QE/g DW, respectively [27]. In E. spinosus and E. hussoni, the
concentration of TFC was detected as 44.6 and 23.8 mg CE/g DW,
respectively [38]. In another study, the TFC in E. spinosus Roxb
was presented at 0.004% [39]. In general, the results of this paper
and previous studies suggest that the concentration of secondary
metabolites, including TFC, is influenced by ecotype and altitude
[40].

Recently, various methods have been used to evaluate antioxidant
activity in the field of plant sciences [41]. Among them, the DPPH
assay is one of the easiest and most suitable methods to evaluate
the antioxidant potential and scavenge free radicals [42]. Previous
reports have recorded 78.35% of antioxidant activity by DPPH
assay in E. ritro [37]. In another work, the level of antioxidant
activity in the methanolic extract of E. antalyensis was recorded as
86.36 pg/ml [43]. The evaluation of antioxidant activity in E.
spinosissimus with DPPH and ABTS revealed that its amount was
87.72 and 161.66%, respectively [44]. Mohseni et al. stated that
methanol/ethyl acetate (Soxhlet method) in E. persicus has a high
ability to scavenge DPPH free radicals (89.14%) [45].

In the last few decades, the bioactive ingredients and medicinal
effects of most medicinal plants have been explained by many
researchers [46]. Plant carbohydrates are a large group of these
compounds [47]. Carbohydrates, in addition to providing an energy
source, play a role in the structure of organic compounds (as a
carbon skeleton) and the molecular signal cascade during biotic and
abiotic stresses [48]. In previous studies, the amount of
carbohydrates in the aerial part of E. spinosissimus was recorded as
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23.23% [49]. The results of this study revealed that the quantity of
carbohydrates is different among Echinops ecotypes. Therefore, it
seems that the storage and accumulation of bioactive ingredients,
including carbohydrates, can be controlled by harvest time [50],
growth seasons, and plant organs [51].

Currently, investigating the protective role of phenolic compounds
against plant stresses has become an exciting challenge [52]. In
addition, antioxidants and antibacterials are other applications of
these compounds in plants [53]. The antioxidant effect in plants of
the Asteraceae family is exerted by the presence of various
bioactive compounds, especially polyphenols. [67]. In research, the
concentration of chlorogenic acid, caffeic acid, and cinnamic acid
in E. kebericho root extract was recorded as 138.16, 2.21, and
413.14 pg/g DW, respectively [54]. The values of coumaric acid,
caffeic acid, catechin, vanillic acid, cinnamic acid, rutin, quercetin,
and kaempferol in the ethanolic extract of E. spinosissimus root
were obtained as 8.59, 2.94, 5.96, 2.08, 4.68, 7.63, 15.23, and 30.37
mg/kg DW, respectively [55]. Abd EI-Moaty identified luteolin-6-
arabinose-8-glucose (25.34 mg/100g), apigenin-6-arabinose-8-
glactose (23.04 mg/100g), apigenin-6-glucose-8-rhamnose (20.08
mg/100g), and hesperidin (34.5 mg/100g), hespirtin (39.23
mg/100g) as major compounds in E. spinosissimus aerial parts [49].
Based on our results and the above documents, it seems that there
is a great variation between the type and amount of phenolic
compounds in different Echinops ecotypes. In general, the type of
distribution area, geographical and environmental conditions,
genetic diversity of species, as well as genes involved in the
biosynthesis of phenolic compounds, can be the reasons for this
diversity [56, 57]. Huang et al. documented that antioxidant
activity in plants is positively correlated with the amount of
polyphenolic compounds [60]. Several studies explained that there
is a strong correlation between total phenolic and flavonoid content
with antioxidant activity [61-66], which was consistent with the
results of our study.

CONCLUSION

In this paper, twenty-seven ecotypes of E. ritro were investigated
for phytochemical compounds, antioxidant activity, and
polyphenolic compounds. For the first time, we reported that the
aerial parts of Echinops ecotypes are a potential source for some
phytochemical compounds, including carotenoid (G19), beta-
carotene (G2 and G19), total phenol (G25), total flavonoid (G12),
total carbohydrates (G15), and antioxidant activity (G4). P-
coumaric acid, rutin, and apigenin were identified as major
phenolic compounds. According to the results obtained from
hierarchical clustering and principal component analysis, there was
significant variation between Echinops ecotypes for phytochemical
compounds, antioxidant activity, and phenolic compounds.
Overall, the data of this work provide the possibility of superior
ecotype screening in terms of natural compounds and antioxidant
activity. Therefore, it can be of great help in breeding programs as
well as pharmaceutical, food, and cosmetic industries.
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