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Abstract: This study aimed to compare the chemical composition of aqueous extracts from different
aerial plant parts (leaves, stems, and flowers) of Onopordum nervosum ssp. platylepis growing in
different regions (Sousse, Kairouan, and Nabeul) in Tunisia, as well as their antioxidant and milk-
clotting properties for both spontaneously grown and cultivated plants. Results showed that phenolic
composition varies significantly among ecotypes and plant organs (p < 0.05), with flowers containing
the highest amounts of total phenols and flavonoids in both plant types. The flowers from Nabeul
(NA) region showed the highest amounts of total phenols and higher phenolic contents compared
to leaves and stems, with 44.75 mg GAE/g and 39.79 mg GAE/g in spontaneous and cultivated
plants, respectively. However, flowers of spontaneously plants grown in Sousse (SO) showed
the highest total flavonoid contents (11.42 mg QE/g). Additionally, the findings indicated that
flowers contained higher concentrations of mono- and disaccharides than leaves and stems. The
antioxidant activity showed that the radical scavenging activity of O. platylepis aqueous extracts
is significantly affected by the organ and genotype (p < 0.05). NA genotype revealed the highest
potency in inhibiting free radicals, with flowers having the lowest IC50s values in 2,2-diphenyl-
1-picrylhydrazyl (DPPH) and 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) tests,
registering 0.13 ± 0.02 and 0.14 ± 0.01 mg/mL, respectively. Milk-clotting activity was limited to
flowers of this thistle. Moreover, SO and NA genotypes were identified as the most potent populations
to coagulate milk in spontaneous and cultivated plants. The principal component analysis confirms
the organ and genotype variability in this thistle, with the first two axes explaining 64.15% of the
variance and highlighting a distinct flower group. The obtained results suggest that the domestication
of this thistle could be useful for the conservation of biodiversity and the promotion of genotypes
with potential technological properties.

Keywords: Onopordum nervosum ssp. platylepis; phenolic composition; mono- and disaccharides;
biodiversity; domestication; antioxidant activity; milk-clotting properties; principal component
analysis
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1. Introduction

Medicinal plants contain bioactive metabolites that play an important role in natural
therapies, providing a diverse range of beneficial properties such as anticancer, antiviral,
antimicrobial, and antioxidant activities [1,2]. Recently, wild plants have gained attention
for their therapeutic properties, polyphenol contents, and growing use in both food and
technology sectors, from innovative biomaterials to the use of plant proteases in cheese
production. Plants benefit from polyphenols both in protecting themselves against external
stresses and in providing the color that defines their appearance [3]. The chemical composi-
tions of plants are influenced by factors such as plant parts, environmental conditions, and
genetic factors [4,5]. The destruction of natural ecosystems has led to a significant reduction
in the genetic variability of wild species. To preserve the wild genetic background, effective
selection and breeding programs are needed [6].

The Asteraceae family, a notable constituent of angiosperms, is recognized as the
largest family globally, exhibiting diverse species and genera organized into three subfam-
ilies [7,8]. Within the Asteraceae family, the genus Onopordum comprises approximately
50 species, mostly located in Mediterranean region and western Asia, with four of them
widely distributed in Tunisia [9,10].

Thistle plants are rich in bioactive substances such as mono- and dicaffeoylquinic
acids, anthocyanins, and flavonoids like apigenin and luteolin [11,12]. Numerous previous
studies have reported the presence of prebiotics, including ketose, nystose, and inulin, in
the flower heads of Cynara, a species relatively close to Onopordum [13–15].

Milk coagulation occurs through acidification or enzymatic action on phenylalanine
and methionine within milk’s κ-casein. This destabilizes the milk, causing separation
into water and a mixture of fat and proteins, forming a new solid mass [16]. Since
ancient times, thistles have been characterized by their milk-clotting properties and
have been used for making traditional cheeses in western and central Mediterranean.
The most studied thistle species, and the most exploited in cheese making, is Cynara
cardunculus L. [17]. Over the years, there has been an increasing demand for cheeses
made with plant-based substances, which is a good option for vegetarians without using
animal-derived ingredients [16]. The rising prices of animal rennet, with the growing
popularity of vegetarianism and adherence to religious customs, have all contributed
to the interest in researching vegetable and microbial rennet [18]. Several studies have
explored the use of aqueous crude extracts of thistles as clotting agents for milk [19].
The flowers of Cynara cardunculus present a compelling alternative to both calf and
microbial rennet [20]. Pistils of flowers of these species contain aspartic proteinases
called cardosins, which contribute to cheese’s properties, particularly its texture, during
milk coagulation [21]. Different genotypes of Cynara cardunculus from Sicilian areas were
evaluated to select the most effective genotypes for cheese production [22]. This cardoon
flower extract is commonly used as a vegetable coagulant in the production of PDO-
designated Mediterranean cheeses, distinguished by their flavor and creamy texture [23].
Enzymatic aqueous flower extracts of two varieties of Cynara cardunculus used as coagu-
lants in cheese production were evaluated phytochemically and biologically, revealing
significant amounts of phenolic compounds, proteins, and sugars [24]. However, other
thistle species have not yet been fully described concerning chemical, nutritional, and
technological properties. In particular, the coagulant and antioxidant properties as well
as phytochemical composition in aerial parts of Onopordum nervosum ssp. platylepis have
been rarely studied, including the influence of genotype in these characteristics. The
latter species is a perennial thistle endemic to North Africa (Tunisia, Libya, and Algeria),
belonging to the same family as artichokes [10,25]. This thistle is used in North Tunisia in
rural areas to produce traditional raw cheese. The production of traditional raw cheese
contributes to the preservation of traditional knowledge and sustainable food systems
in these rural areas. Ancient extraction methods for these extracts are typically passed
down through generations, and involve manual harvesting of fresh thistle leaves or
flowers from wild-grown plants. These cheeses are produced occasionally since thistle



Agronomy 2024, 14, 987 3 of 20

vegetables are only available for a few months and are subject to seasonal variations
affecting plant biomass [26]. While Onopordum species are generally well adapted to
the Mediterranean climate, with low rainfall and irregular weather patterns, Onopordum
nervosum ssp. platylepis faces threats in Tunisia where its distribution is limited due to
some factors such as habitat loss and climate change. However, its perennial natural
growth suggests potential resilience, making it a candidate for agricultural cultivation in
dry and marginal Mediterranean lands [27]. The sustainable cultivation of this thistle
suggests that thistle rennet could be utilized on a semi-industrial or industrial scale [28].

Thistles have been utilized for both culinary and medicinal purposes since ancient
times in Mediterranean regions [29,30]. Notably, Onopordum illyricum L. (Asteraceae) is
consumed raw in salads by Sardinians as a regular part of their daily diet, in the form of
capitula and scapes [31]. In folk medicine, the powder and decoction of the aerial part
of O. platylepis are known to be diuretics, while seeds are used to treat kidney and biliary
disease. Additionally, as a rich source of bioactive compounds, Onopordum biomass has
been shown to possess antioxidative, anticarcinogenic, and antibacterial properties [9,32,33].
Moreover, it has contributed to the production of bioactive molecules for the biological
control of agricultural and food bacteria [34].

Commercial production of the biomass of Cynara cardunculus species makes a signifi-
cant contribution to the agricultural economy due to its important role in the diet, human
health, and industrial processing. However, there are currently no available literature
data regarding the phytochemical composition of O. platylepis biomass, and information
regarding its antioxidant and coagulant properties is limited [28]. Therefore, the objective
of the current study was to evaluate the chemical composition of different plant aerial
parts (leaves, stems, and flowers) as well as the influence of genotype on the chemical
composition in both wild and cultivated O. platylepis, and to select the ecotypes with most
promising sources of antioxidants and milk-clotting properties, for potential applications in
the food industry. This study can be recognized as the first report comparing the chemical
composition of different organs and the biological activity of this thistle.

2. Materials and Methods
2.1. Plant Material

The aerial parts (stems, leaves, and flower petals) of mature wild Onopordum
platylepis were collected from three regions in Tunisia (Sousse, Kairouan, and Nabeul)
during the summer season of the year 2021 (Table 1). All studied areas are characterized
by a semi-arid climate and sandy clayey soil. The cultivated culture (Figure 1b) was
performed to observe the behavior of the plant outside its natural environment. Mature
seeds were collected from wild plants in August 2021. Subsequently, seeds were cleaned
and disinfected in a 5% sodium hypochlorite solution for 5 min. They were then sown
in peat substrate within an uncontrolled greenhouse at the High Agronomic Institute
of Chott Mariem (ISA-CM), Sousse, Tunisia, with an average temperature of 26 ◦C and
under natural daylight conditions in September 2021. After germination, seedlings were
transplanted into pots. The humidity was maintained through regular watering. Finally,
at the end of October 2021, thistle plants were transferred to an experimental field at
ISA-CM, where they were planted in spaced lines (1.2 m) with 1.5 m between plants. No
fertilizer was used during this process. The irrigation was carried out according to the
needs of the plant and precipitation. The plant material was harvested at the end of the
flowering season (June 2022), and flowers were harvested when fully opened, before
becoming inedible and acquiring a hard texture. Then, petals were hand-selected from
the receptacle and cut into small pieces of 2 cm2 (Figure 1f). All collected plant material
was immediately stored in a freezer at −20 ◦C.
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Table 1. Origin of the studied wild Onopordum populations.

Population Province Locality Coordinate Points

NA Nabeul Nabeul 36◦28′12.3′′ N, 10◦40′08.7′′ E
SO Sousse Chott Mariem 35◦55′01.2′′ N, 10◦33′43.5′′ E
KA Kairouan Sbikha 35◦53′44.6′′ N, 9◦54′43.8′′ E
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2.2. Preparation of Extracts

The plant material (leaves, stems, and flowers) was lyophilized in a freeze drier at a
temperature of −40 ◦C under a pressure of 10−1 Torr for a total duration of 72 h. The plant
material was then ground in an electric mill to obtain a thin powder and stored in spittoons
marked with the date of preparation and the organ name for further use. Water extracts
were obtained by magnetic stirring for 2 h of 1 g of dry sample with 100 mL of H2O at
room temperature (23–25 ◦C) after filtering with a Whatman No. 4 filter. Afterwards, each
batch was centrifuged twice for 20 min at 3500× g rpm at room temperature. The collected
supernatant was then stored at 4 ◦C and used in all investigations.

2.3. Chemical Composition of O. platylepis Aerial Parts
2.3.1. Dry Matter Content

The dry matter content of plant samples was obtained through lyophilization of
various plant organs. Initially, fresh samples were weighed to determine their initial weight.
Then, they were subjected to lyophilization until reaching a constant weight, indicating
complete removal of water [35]. Finally, the samples were weighed again to obtain their
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final dry weight, and the dry matter content of each sample was calculated using the
following Formula (1):

Dry matter content (%) =
Dry sample Weight (g)

Fresh sample Weight (g)
× 100 (1)

2.3.2. Determination of Total Phenols

Polyphenols were determined using the Folin–Ciocalteu reagent following the protocol
proposed by Al-Farsi et al. [36]. In this assay, the total concentration of hydroxyl groups
in the extract is quantified. Folin–Ciocalteu reagent was diluted tenfold to determine the
total phenolic content (TPC). A volume of 200 µL of each extract was added to 1500 µL of
Folin–Ciocalteu reagent and left to stand for six minutes after stirring at room temperature.
In the next step, 1.5 mL of a 6% sodium carbonate solution was added to the mixture,
which was then stored at 40 ◦C for 30 min. At 760 nm, a UV-Vis spectrophotometer (Macy
model, UV-1300, Shanghai Aesthetic analysis Instrument Co., Ltd., Shanghai, China) was
employed to measure the absorbance of the mixture against the blank. Results are reported
in mg equivalent gallic acid (mg GAE/g dry matter).

2.3.3. Total Flavonoid Content

Total flavonoids (TF) were determined using the colorimetric method proposed by
Zhishen et al. [37]. Flavonoids were determined by mixing 250 µL of plant extracts with
1.25 mL of distilled water. To the mixture, 5 µL of 5% NaNO2 was then added and left
to stand for 6 min, followed by 150 µL of 10% AlCl3. Afterward, 0.5 mL of NaOH (1M)
and 250 µL of distilled water were added to the solution six minutes later. As a final step,
the mixture was vigorously stirred and the absorbance at 510 nm was measured using a
UV-Vis spectrophotometer (Macy model, UV-1300, China). Total flavonoid content (TF) was
determined by calibration against quercetin, and the results are reported as mg quercetin
equivalent per gram of dry matter (mg QE/g dry matter).

2.3.4. Total Tannin Content

Condensed tannins (CTs) depolymerize in the presence of concentrated hydrochloric
acid and are converted into anthocyanidins, which are spectrophotometrically measurable
at 500 nm when they react with vanillin [38].

A volume of 50 µL of each extract was added to 1500 µL of the 4% vanillin/methanol
solution and vigorously mixed. Following this, 750 µL of concentrated hydrochloric acid
(HCl) was added. The resulting mixture was left then at room temperature for 20 min and
the absorbance was measured at 500 nm against a blank. A calibration curve of catechin
was used to determine the condensed tannin (CT) content, and results are expressed in mg
catechin equivalents per gram of dry matter (mg CE/g dry matter).

2.3.5. Determination of Sugar Profile

The chromatographic conditions for sugar analyses were established on an Agilent
Technologies HPLC series 1100 system. A refractive index detector (RID) was employed for
compound detection. The Aminex 87C column was chosen for sugar separation with a flow
rate set at 0.6 mL/min to ensure optimal peak resolution [39]. Sample injection volumes
of 20 µL were pre-filtered using a 0.22-micron syringe filter. The column temperature was
maintained at 80 ◦C to enhance component separation. The total analysis time was set
at 30 min to cover a comprehensive range of target compounds. These chromatographic
parameters were carefully selected to ensure effective separation and accurate quantification
of sugars in the analyzed samples. A calibration curve-based method was employed to
determine the carbohydrate concentrations in this study. This was achieved by comparing
the retention times of unknown analytes with those of analytical grade standards (glucose,
fructose, galactose, xylose, arabinose, sucrose, and mannose) obtained from Sigma-Aldrich
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(St. Louis, MO, USA), and results are expressed in milligrams per gram of dry matter
(mg/g dry matter).

2.3.6. Protein Content

The Bradford method [40] was employed to determine protein concentration in extracts
by interacting Coomassie blue with proteins. To initiate the process, 50 µL of extract was
mixed with 50 µL of distilled water and 2 mL of Bradford reagent. The absorbance of the
solution at 595 nm was measured using a UV-Vis spectrophotometer (Macy model, UV-1300,
China) with distilled water serving as blank. Subsequently, the protein concentration was
estimated based on a calibration curve for bovine serum albumin (BSA), and the results are
expressed in milligrams of bovine serum albumin equivalent per gram of dry matter (mg
BSAE/g dry matter).

2.3.7. Antioxidant Activity
DPPH Test

The extracts were evaluated for their electron-donating ability and their capacity to
trap 2.2- diphenyl-1-picrylhydrazyl (DPPH) radicals using the method of Lee et al. [41].
Specifically, 1 mL of freshly prepared DPPH (0.2 mM) in methanol was combined with
1 mL of O. platylepis extract at various concentrations (0.05, 0.1, 0.2, 0.5, and 1 mg/mL). The
absorbance was then measured at 517 nm using a spectrometer after 30 min of incubation in
the dark at room temperature. A logarithmic regression was used to calculate the inhibitory
concentration (IC50) needed to reduce DPPH by 50%.

DPPH radical neutralization was calculated using the following Formula (2):

Percentage of inhibition of DPPH radicals (%) =

(
1 − Abs Extract

Abs Control

)
× 100 (2)

where Abs Control: absorbance of the control; Abs Extract: absorbance of the extract.

ABTS Test

ABTS tests were conducted according to the method outlined by Re et al. [42], which is
based on the ability of antioxidants to stabilize ABTS+ cationic radicals, forming a colorless
ABTS radical. Two solutions were prepared: ABTS (7 mM) and potassium persulfate
(2.45 mM).

The cationic radical ABTS+ was formed by mixing equal amounts of these two so-
lutions. The resulting mixture was then stored at 4 ◦C and protected from light for 12 to
16 h.

ABTS solution was diluted with ethanol until an absorbance of 0.7 (±0.02) was ob-
tained at 734 nm. Subsequently, the diluted ABTS solution was added to aqueous extracts
at various concentrations (0.05 mg/mL, 0.1 mg/mL, 0.2 mg/mL, 0.5 mg/mL, 1 mg/mL).
After a 10 min incubation at room temperature in the dark, the reduction reaction of the
ABTS solution was measured at 734 nm. The antioxidant capacity of the tested extracts is
expressed relative to their concentration, providing valuable insights into their antioxidant
potential. The anti-radical power of the extract was quantified as the percentage inhibi-
tion of the ABTS+ radical. A logarithmic regression was used to calculate the inhibitory
concentration (IC50) needed to reduce ABTS by 50%.

Percentage of inhibition of ABTS radicals (%) =

(
1 − Abs Extract

Abs Control

)
× 100 (3)

where Abs Control: absorbance of the control; Abs Extract: absorbance of the extract.

2.4. Milk-Clotting Activity

Milk-clotting activity was evaluated according to the method of Libouga [43], which
is based on the examination of the appearance of the first clotting flakes. The assay was
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conducted by adding 1 mL of the crude extract to a glass test tube containing 10 mL of
milk powder solution, which was prepared by dissolving 12 g of milk powder in 100 mL
of distilled water, followed by the addition of 0.01 M CaCl2 solution. Finally, the mixture
was transferred to a 35 ◦C water bath, where the clotting time (t) was measured using
a chronometer.

The milk-clotting activity is expressed in rennet units (UP) and was calculated using
Equation (4):

MCA(UP) =
10 × V
Ct × V′ (4)

where UP: rennet unit; V: volume of milk; V′: volume of coagulant extract (1 mL); Ct:
milk-clotting time in seconds

2.5. Statistical Analyses

All statistical analyses were performed using SPSS version 20. Three replicates were
employed to calculate all data, which are expressed as means ± standard errors. The
chemical composition as well as IC50 for ABTS and DPPH scavenging activities were
all analyzed using a general linear model, and the Duncan test was used to compare
means of these parameters when significant differences were detected. An independent
samples t-test was further used to compare the means of spontaneous and cultivated plants.
Principal component analysis (PCA) and dendrograms were performed using the XLSTAT
2023 software package.

3. Results and Discussion
3.1. Chemical Composition of O. platylepis Aerial Parts
3.1.1. Dry Matter Content

The dry matter content in various aerial parts of O. platylepis varied between 20.79%
and 38.86% in wild plants and between 23.12% and 39.87% in cultivated plants (Table 2).
Flowers showed the highest dry matter content, with no significant differences observed
between both plant types (spontaneous and cultivated). However, lower contents were
observed in leaves.

Table 2. Chemical composition of O. platylepis aerial parts across different populations.

SO KA NA

Leaves Stems Flowers Leaves Stems Flowers Leaves Stems Flowers

Dry Matter
(%)

SP 20.79 ±
2.29% b(ns)

24.41 ±
3.3% b(ns)

30.04 ±
2.15% a(ns)

21.69 ±
1.28% b(ns)

25.55 ±
1.57% b(ns)

35.44 ±
3.96% a(ns)

21.8 ±
2.45% b(ns)

26.2 ±
2.19% b(ns)

38.86 ±
2.8% a(ns)

CL 26.73 ±
1.2% e

31.33 ±
1.62% cd

33.65 ±
2.55% bc

23.12 ±
1.52%f

27.9 ±
1.93% de

36.1 ±
2.34% b

23.3 ±
2.08% f

29.2 ±
2.23% de

39.87 ±
1.24% a

Total Phenols
(mg EAG/g)

SP 23.57 ± 0.76 d** 17.51 ±
1.98 e**

41.52 ±
2.06 a**

28.74 ±
0.95 c**

11.93 ±
0.57 f**

32.39 ±
4.14 b (ns)

18.67 ±
1.86 e (ns)

10.86 ±
1.79 f (ns)

44.75 ±
0.16 a**

CL 15.18 ± 0.21 c 4.52 ± 0.19
d

27.87 ±
2.31 b

13.66 ±
2.74 c

7.10 ± 0.71
d

32.71 ±
3.09 b

17.64 ±
1.27 c

6.26 ± 2.74
d

39.79 ±
2.59 a

Flavonoids
(mg QE/g)

SP 9.79 ± 0.72 a** 4.21 ± 0.50
d**

11.42 ±
0.23 a**

10.67 ±
1.82 a**

3.27 ± 0.13
d(ns)

6.77 ± 0.97
b(ns)

6.23 ± 0.89
bc**

4.75 ± 1.16
cd(ns)

7.63 ± 1.02
b**

CL 4.28 ± 0.47 b 1.79 ± 0.47
d

6.72 ± 0.92
a

7.29 ± 1.23
a

2.72 ± 0.60
cd 6.7 ± 0.54 a 3.99 ± 0.93

bc
4.77 ± 0.58

b
5.19 ± 0.60

b

Condensed
Tannins

(mg CE/g)

SP 1.95 ± 0.09
bc(ns)

2.81 ± 0.24
ab(ns)

1.92 ± 0.02
bc(ns)

2.84 ± 0.97
ab(ns)

3 ± 0.475 a

(ns)
2.20 ± 0.11

bc(ns)
1.50 ± 0.18

c(ns)
2.17 ± 0.22

bc(ns)
2.24 ± 0.02

bc(ns)

CL 1.64 ± 0.13 b 2.81 ± 0.65
a

1.90 ±
0.65 ab 2 ± 0.65 ab 2.51 ± 0.47

ab
1.90 ± 0.33

ab
1.56 ± 0.22

b
2.41 ±
0.116 ab

2.30 ± 0.76
ab
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Table 2. Cont.

SO KA NA

Leaves Stems Flowers Leaves Stems Flowers Leaves Stems Flowers

Protein content
(mg BSA/g)

SP 0.55 ± 0.03 d(ns) 0.32 ± 0.08
e(ns)

2.31 ± 0.09
a(ns)

0.33 ± 0.01
e**

0.1 ± 0.01
f(ns)

1.9 ± 0.06
c(ns)

0.46 ± 0.09
de(ns)

0.28 ± 0.04
e**

2.11 ± 0.23
b(ns)

CL 0.49 ± 0.06 d 0.28 ± 0.01
e 2.43 ± 0.1 a 0.21 ± 0.03

ef
0.16 ± 0.02

f
1.96 ± 0.13

c
0.48 ± 0.01

d 0.2 ± 0.02 e 2.2 ± 0.15 b

SO: Sousse population; KA: Kairouan population; NA: Nabeul population; SP: spontaneous plants; CL: cultivated
plants; a,b,c,d,e,f: letters in different columns indicate significant differences (p < 0.05); **: The means expressed
in milligrams per gram of dry matter are significant between spontaneous and cultivated plants (p < 0.05),
ns: not significant.

3.1.2. Total Phenols, Flavonoids, and Condensed Tannins

Phytochemical levels of phenols, flavonoids, and condensed tannins differ according to
ecotypes and organs (Table 2). Significant differences were observed in phenolic compounds
between aerial parts of O. platylepis plants (p = 0.000). In all ecotypes, results indicated
that flowers contain higher phenolic contents, compared to leaves and stems, in both
spontaneous and cultivated plants. Furthermore, significant differences were obtained
between studied populations in terms of total phenols (p = 0.031). Flowers of the Nabeul
population (NA) showed the highest concentration of total phenols for both plant types
(spontaneous and cultivated), recording 44.75 and 39.79 mg EAG/g, respectively. The total
phenol content in leaves varied from 18.67 to 28.74 mg EAG/g in spontaneous plants and
between 13.66 and 17.64 mg EAG/g in cultivated plants. In contrast, stems showed the
lowest phenolic contents, with values ranging from 4.52 to 17.51 EAG/g in naturally grown
and cultivated thistles. No significant differences were obtained between the two plant
types in O. platylepis aerial parts (p > 0.05).

Results further indicated variations and significant differences (p = 0.000) in flavonoid
content among different plant aerial parts and populations in both spontaneous and cul-
tivated plants (Table 2). The best flavonoid content was observed in spontaneous SO
population flowers, registering 11.42 ± 0.23 mg QE/g. In comparison with leaves and
stems, flowers showed the highest amounts of flavonoids, except in the KA population,
where leaves showed higher contents of flavonoids compared to flowers. However, lower
contents were observed in stems. Finally, condensed tannins were detected in every studied
plant organ, with contents varying between 1.50 mg CE/g, and 3 mg CE/g in spontaneous
plants, and between 1.56 mg CE/g and 2.81 mg CE/g in cultivated plants.

In general, when observing variation among organs, flowers emerge with the highest
total phenol and flavonoid contents compared to the other organs. Our findings are in
agreement with those reported by Ewais et al. [44], who observed an increase in the per-
centages of total flavonoids and total phenolic acids in flowers and a decrease in those of
stems. Moreover, the findings reported by Mandim et al. [45], who assessed the pheno-
lic composition and bioactive properties of various inflorescence tissues (stigma, corolla,
bracts, pappus, and receptacle) across seven genotypes of Cynara cardunculus L., revealed
a greater variation in phenolic compounds within the corolla, and this is consistent with
our results. Furthermore, the findings of this study align with those of Fratianni et al. [46],
who reported that cardoon organs play a crucial role in determining the level of phenolic
compounds. The elevated concentration of phenolics in flowers, as opposed to leaves and
stems, could be attributed to specific plant adaptations, including the attraction of pollina-
tors, reproductive investment, and responses to environmental stress. These adaptations
collectively contribute to the biological significance of increased phenolic content in flowers.
The attraction of pollinators is essential for successful reproduction, and the investment in
reproductive structures, such as flowers, is reflected in the elevated phenolic levels [47].
Additionally, higher phenolic contents can serve as a response to environmental stressors,
providing the plant with a defense mechanism against potential threats [48].
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Furthermore, in comparison with stems, leaves could be considered as a potential
source of phenolic compounds. These findings are corroborated by the research realized by
Velez et al. [49], which demonstrated that leaf extracts of Cynara cardunculus L. manifested
higher levels of total phenols than those of stem extracts. Beyond organ-specific effects,
the results of phenolic compound contents of this study indicate genotype effects, which
may be explained by differences in genetic origin. Moreover, the composition of plant
phenolics can be influenced by soil conditions; specifically, elevated nitrogen levels and
reduced soil moisture may result in lower synthesis and, consequently, decreased levels of
certain phenolics [50].

Our results reveal significant differences in total phenols and flavonoids between
different studied populations (p < 0.05). This variability could be attributed to genetic
and environmental factors. Our results are in agreement with those obtained by Raudone
et al. [51], who observed a high diversity of chemical profiles of Achillea spp., which sug-
gests a high potential for discovering new sources of multifunctional phenolic compounds.
Furthermore, for cultivated plants, it is possible to discern a genetic basis for these varia-
tions among plants grown under similar conditions. Each region preserves its cultivars,
potentially differing in chemical composition and consequently in characteristics [52].

Regardless of ecotypes or organs, the values observed in this study surpass those
reported by Khaldi et al. [53] and Velez et al. [49] in Cynara cardunculus, suggesting
that O. platylepis serves as a notable source of antioxidants due to its higher content of
phenolic compounds.

Phenolic compounds, characterized by abundant hydroyl functional groups, are con-
sidered promising antioxidants due to their ability to react with free radicals. Specifically,
within phenolics, catechols play a crucial role in redox activity [54]. In addition to their
safety compared to synthetic food additives, these compounds may also offer a safer option
for humans, considering their potential to reduce carcinogenic effects [55]. Statistical analy-
sis showed no significant differences between spontaneous and cultivated plants in terms
of total phenols (p > 0.05). Therefore, the O. platylepis species holds promising potential in
both industrial and food sectors.

3.1.3. Evaluation of Sugar Profile

Carbohydrate composition findings from extracts of flowers, leaves, and stems of
O. platylepis are summarized in Table 3. Results indicated significant differences in mono-
and disaccharide content between organs (p = 0.000). Comparison across different plant
parts revealed that mono- and disaccharide components were more abundant in flower
extracts, notably with higher contents of fructose, xylose, sucrose, and glucose. The
abundance of carbohydrates in flowers could be explained by their crucial role in the
reproduction and development of thistles, serving as essential energy sources for their
growth [56]. Flowering and fruitlet development compete with vegetative growth and
accumulation of reserves for most of the necessary metabolites [57].

Moreover, as shown in Table 3, xylose and fructose were undetected in leaves, while
stems showed fructose and glucose as major compounds, except in those of the cultivated
NA population. Soluble carbohydrates, such as xylose, arabinose, mannose, and galactose,
are known to occur in low amounts in shoots. Additionally, our results contradict those
reported by Ewais et al. [44], who investigated soluble carbohydrates in leaves, stems, and
flowers of Pulicaria incisa subsp. Incisa, a species belonging to the Asteraceae family. Their
findings indicated that fructose was detected in lower concentrations among the separated
free sugars in the aerial parts of P. incisa.
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Table 3. Carbohydrate content in aerial parts of O. platylepis across studied populations in both plant types.

PT
SO KA NA

Leaves Stems Flowers Leaves Stems Flowers Leaves Stems Flowers

Xyl (mg/g)

SP ND ND 95.6 ± 1.64 a** ND ND 40.7 ± 1.52
b(ns) ND ND 36.7 ± 1.41 c**

CL ND 3.75 ± 0.37 **d 60.7 ± 2.66 a ND ND 43.3 ± 1.73
b(ns) ND ND 26.7 ±1.37 c

Suc (mg/g)
SP ND ND 75.4 ±1.1 c** ND ND 96 ±.0.95 a ND ND 87.4 b**± 0.73

CL ND ND ND ND 55.3 ±1.02 **c 156.8 ± 3.2 a** 53.1 ** ± 2.33 d 22.53 ** ± 1.39 e 64.9 ± 1.88 b

Man (mg/g)
SP ND 20.5 ± 2.03 a** ND 3.4 ± 0.98 b** ND ND ND ND ND

CL ND 7.4 ± 0.5 ND ND ND ND ND ND ND

Glu (mg/g)

SP 67.1 ± 0.79 **f 32.89 ± 1.35 h 136.1 ± 4.9 b 68.18 ± 2.86
**e 37.34 ± 1.97 g 214.8 ± 2.08

**a 75.76 ± 2.74 **d 17.3 ± 1.3 **i 129.48 ± 3.13 c

(ns)

CL ND 46.45 ± 0.88
e**

205.2 ± 4.59
**a 26.5 ± 1.02 f 83.36 ± 2.34

**d 133.8 ± 4.65 b ND ND 122.2 ± 3.42 c

(ns)

Gal (mg/g)

SP 42.72 ± 1.51 b** ND ND 6.35 ± 0.68 e

(ns) 8.49 ± 0.52 d ND 28.08 ± 2.11 c 55.24 ± 0.65 a** ND

CL 4.36 ±
0.47 d ND ND 6 ± 1.21 c(ns) 13.52 ± 1.89

b** ND 51.0 ±
2.64 a** ND ND

Fru (mg/g)

SP ND 158 ± 0.9 d** 219.8 ± 1.8 b** ND 95 ± 1.57 e 191.5 ± 2.87 c ND 303.3 ± 7.88 a** ND

CL ND 153.3 ± 0.26 d 173 ± 4.81 c ND 117.84 ± 1.45
e**

252.9 ± 3.12
a** ND ND 233.1 ± 1.76

b**

Ara (mg/g)

SP 51.2 ± 0.86 b** ND ND ND ND ND 45.95 ± 1.79 c 59.13 ± 7.66 a** ND

CL ND ND ND 24.5 ± 0.94 b** ND ND 63.4 ±
1.53 a** ND ND

PT: plant type; SO: Sousse population; KA: Kairouan population; NA: Nabeul population; SP: spontaneous plants; CL: cultivated plants; Xyl: xylose (detection limit: 0.021 mg/g); Suc:
sucrose (detection limit: 0.03 mg/g); Man: mannose (detection limit: 0.007 mg/g); Glu: glucose (detection limit: 0.005 mg/g); Gal: galactose (detection limit: 0.07 mg/g); Fru: fructose
(detection limit: 0.012 mg/g); Ara: arabinose (detection limit: 0.023 mg/g); ND: not detected; a,b,c,d,e,f,g,h,i: letters in different columns indicate significant differences (p < 0.05); **: The
means expressed in milligrams per gram of dry matter are significant between spontaneous and cultivated plants (p < 0.05), ns: not significant.
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Moreover, plant flowers from the Kairouan population (KA) revealed the highest
glucose contents compared to Sousse (SO) and Nabeul (NA) populations. Moreover, the
KA population showed important xylose contents in both plant types, which could be
an important source of prebiotics. Sugar contents in our plant flowers are higher than
those obtained by Ben Amira et al. [58], who evaluated the chemical composition and
monosaccharides composition of wild, lyophilized, cardoon flowers collected in Tunisia,
where xylose content was 2.61 ± 0.07% DM. These results revealed the potential of flowers
of O. platylepis as a prebiotic source. Statistical analysis showed that carbohydrate composi-
tion is significantly affected by genotype (p = 0.000). The observed variation between these
different populations could be explained by genetic influence, as well as the geographical
location of this thistle. Similar results were obtained by Raccuia and Melilli [59] in their
analysis of genetic variation among different genotypes of Cynara cardunculus L., which
influences sugar production levels in wild cardoon populations across Sicily (Italy). Both
genetic variability and environmental factors contribute to determining the total sugar
content within this thistle species.

The investigation into the chemical composition and biological functions of plant
extracts is crucial for identifying innovative materials with potential applications in food
industry. Plant foods, which are the primary sources of dietary fiber, also serve as the major
contributors of carbohydrates in fruits and vegetables, highlighting their importance in
human nutrition [60]. O. platylepis emerges as a notable source of carbohydrates, especially
flowers, which are suitable for integration into food products. This current research paper
could be recognized as the first comparative survey of the carbohydrate composition of
O. platylepis.

3.1.4. Protein Content

Results in Table 2 reveal variability in protein content among the different aerial
plant parts and genotypes (p < 0.05). The observed values range from 0.28 to 2.31 mg
BSA/g and from 0.16 to 2.43 mg BSA/g in spontaneous and cultivated plants, respectively.
The highest protein levels were found in flowers, followed by leaves and stems, in both
plant types. Additionally, NA and SO populations showed the highest protein contents
in the different aerial plant parts. Results further indicate comparable protein amounts
between naturally grown and cultivated plants (p > 0.05). Our results align with the
findings of Essaidi et al. [28], who compared protein amounts in spontaneously grown
and cultivated O. platylepis flowers with various drying methodologies and revealed no
significant differences between plant types.

3.1.5. Antioxidant Activity
Evaluation of Radical Scavenging Activity Using DPPH Test

Results showed that free radical inhibition percentages of all extracts increased with
extract concentration and varied with extract type (Figure S1). The inhibitory concentration
IC50, representing the antioxidant concentration required to inhibit 50% of free radicals,
and inversely correlated with the antioxidant activity, recorded values ranging from 0.13
to 1.82 mg/mL in spontaneous plants and from 0.09 to 1.01 mg/mL in cultivated plants
(Table 4).

The radical scavenging activity of O. platylepis is significantly affected by the organ
(p = 0.000). For both spontaneously grown and cultivated plants, flower extracts showed
the highest percentage of DPPH• inhibition; except in the Kairouan (KA) population, leaves
showed a more pronounced efficacy against DPPH• with IC50 values of 0.23 mg/mL
and 0.09 mg/mL, respectively. Results further indicate significant differences (p < 0.05)
between different genotypes in both plant types (cultivated and spontaneous), with the
NA genotype being, in general, the most potent in inhibiting free radicals. In spontaneous
plants, the most pronounced radical scavenging activity was noted in flowers from Nabeul
(NA) and Sousse (SO) ecotypes, showcasing IC50s values of 0.13 and 0.2 mg/mL. However,
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stems showed lower potency in inhibiting free radicals compared to other plant parts in
both spontaneous and cultivated plants.

Table 4. Antioxidant and milk-clotting activities in different O. platylepis aerial parts and genotypes
in spontaneously grown (SP) and cultivated (CL) plants.

SO KA NA

Leaves Stems Flowers Leaves Stems Flowers Leaves Stems Flowers

IC50
(mg/mL)

DPPH

SP 0.24 ± 0.01
de

1.173 ± 0.11
b**

0.2 ± 0.05
de

0.23 ±
0.01 de**

1.82 ±
0.244 a**

0.34 ±
0.01 cd**

0.46 ±
0.01 c**

0.49 ±
0.05 c

0.13 ±
0.02 e (ns)

CL 0.54 ± 0.02
c**

1.01 ± 0.12
a**

0.366 ±
0.03 d**

0.09 ±
0.01 f

0.74 ±
0.04 b

0.26 ±
0.02 e

0.13 ±
0.03 f

0.9 ± 0.01
a**

0.12 ±
0.03 f(ns)

ABTS

SP 0.28 ± 0.07 d 0.74 ± 0.01 b 0.23 ±
0.02 d

0.1 ± 0.01
e(ns)

0.98 ±
0.04 a**

0.4 ± 0.02
c**

0.48 ±
0.02 c**

0.38 ±
0.03 cd(ns)

0.14 ±
0.01 e

CL 0.58 ± 0.04
b**

0.88 ± 0.11
a**

0.53 ±
0.02 b**

0.12 ±
0.01 d(ns)

0.15 ±
0.01 d

0.3 ± 0.07
c

0.3 ± 0.02
c

0.35 ±
0.04 c(ns)

0.27 ±
0.03 c**

Ct (s)
SP ND ND 65 c ND ND 108 a ND ND 91 b

CL ND ND 58 c ND ND 100 a ND ND 83 b

MCA (UP)

SP ND ND 1.54 ±
0.11 a(ns) ND ND 0.92 ±

0.06 c ND ND 1.1 ± 0.13
b(ns)

CL ND ND 1.74 ±
0.29 a(ns) ND ND 1 ± 0.05

c** ND ND 1.2 ± 0.08
b(ns)

SO: Sousse population; KA: Kairouan population; NA: Nabeul population; ND: not determined; Ct: coagulation
time in seconds; MCA: milk-clotting activity; IC50: inhibitory concentration. a,b,c,d,e,f: letters in different columns
indicate significant differences (p < 0.05). **: The means are significant between spontaneous and cultivated plants
(p < 0.05), ns: not significant.

In particular, flowers derived from spontaneous plants NA and SO populations
showed the highest concentration of total phenols. This finding aligns with their ele-
vated antioxidant potential determined through the DPPH test, surpassing that of the KA
population. This variation could be related to the harsher climatic conditions in NA and
the SO provenance of O. platylepis.

Some earlier studies of cardoon plants have explored the fact that corolla scavenges
DPPH better than other plant tissues [61]. This observation aligns with the results obtained
in this study, corroborating that thistle’s corolla possesses significant antioxidant potential.
Antioxidant activities of various parts of cardoon plants may be impacted by growing
conditions and cultivation practices, as they significantly contribute to the composition
of phenolic compounds, recognized for their robust antioxidant effects [62]. Notable
differences in antioxidant properties were observed among hydromethanolic extracts of
studied plant parts of Cynara cardunculus. Specifically, seeds had the highest scavenging
activity in both DPPH and reducing power assays, with IC50 values of 143 and 87 µg mL−1,
respectively [63].

Valizadeh et al. [33] previously assessed the antioxidant potential of Onopordum lep-
tolepis, employing the ferric reducing antioxidant potential (FRAP) and (DPPH) free rad-
ical methods, and found that flowers manifested lower antioxidant activity than vege-
tative parts. In comparison, the antioxidant activity of vegetative parts in our results
was lower than that of O. platylepis flowers. This difference could be due to the distinct
geographical origins of the two species, indicating species-specific variations in the distri-
bution of antioxidant activity between floral and vegetative components. In another study,
Petropoulos et al. [64] previously documented variations in the antioxidant properties of
morphological organs in wild cardoon. Their findings indicated that among the studied
organs, heads showed the highest potency, surpassing leaf blades, midribs, and petioles.

Evaluation of Radical Scavenging Activity Using ABTS Test

The results obtained from the ABTS+ test (Figure S2) show comparable antioxidant
activity in flowers compared to leaves and stems, as indicated by the DPPH• test. However,



Agronomy 2024, 14, 987 13 of 20

in the cultivated KA population, both leaves and stems presented higher antioxidant activi-
ties than flowers, with IC50c values of 0.12 mg/mL and 0.15 mg/mL, respectively (Table 4).
Additionally, in all studied populations, stems showed a notable capacity to scavenge free
radicals, both in spontaneous and cultivated plants, in ABTS radicals. However, flowers
manifested more pronounced efficacy against DPPH radicals than ABTS•. These results
could be explained by the fact that the DPPH radical dissolves only in organic solvents and
does not allow the determination of hydrophilic antioxidants. Thus, these raw materials
show a diversity of antioxidants and stems may contain a slightly higher proportion of
hydrophilic antioxidants. Moreover, significant differences were obtained between the
different genotypes in inhibiting free radicals (p < 0.05), with better-reducing power in
NA flowers (IC50s = 0.14 mg/mL) > SO flowers (IC50s = 0.23 mg/mL) > KA flowers
(IC50s = 0.4 mg/mL).

The findings presented for Cynara cardunculus, a species relatively close to Onopordum
nervosum ssp. platylepis, showed that cardoon flowers are a potential source of antioxi-
dant compounds [65]. According to Ksouri et al. [66], the antioxidant activity of plants
is dependent on their organs, which aligns with our results. The statistical analysis in-
dicated significant differences between the IC50 values of extracts from cultivated and
spontaneous plants (p < 0.05) in both tests, with lower values, in general, in cultivated
plants. Consequently, the domestication of Onopordum nervosum ssp. platylepis could be
useful for therapeutic properties and industrial applications. Furthermore, additional
studies are needed to explore the physiological relevance and potential health benefits
associated with these antioxidant properties. The antioxidant properties of natural com-
pounds such as phenolics and flavonoids may influence oxidative stress-related conditions,
including cardiovascular diseases, neurodegenerative disorders, metabolic syndromes, and
inflammatory conditions [67].

3.2. Milk-Clotting Trial

Results in Table 4 showed that a large variability in the capacity to coagulate milk
was obtained between different regions and aerial parts of O. platylepis plants (p = 0.000),
with clotting time ranging from 65 to 108 s in spontaneous plants and from 58 to 100 s in
cultivated plants.

Furthermore, results indicated that only flowers possessed milk-clotting properties,
with SO and NA genotypes revealing the best milk-clotting activity in both plant types.
However, the KA genotype showed higher clotting time and, consequently, lower milk-
clotting potential (p < 0.05).

The exclusive milk-clotting activity detected in flowers could be explained by the fact
that during pollination, protease enzymes are active in mature flowers and pistils, serving
to protect them from viruses or microorganisms [16]. In previous studies, cardoon flower
ecotypes used for coagulation were found to vary significantly, which is in accordance
with our findings [68]. Additionally, our values (Table 4) are higher than those obtained by
Ordiales et al. [19], who evaluated the milk-clotting activity of aqueous crude extracts from
Cynara cardunculus flowers. Their results showed 0.131 RU/mL after one hour of flower
maceration. This could be attributed to O. platylepis’ capacity to produce more protein
proteases than other species. Furthermore, according to previous studies, the obtained
milk-clotting activities are greater than those of the crude extracts of some plants, such
as Silybum marianum (0.08 RU/mL) and Onopordum acanthium (0.54 RU/mL) [69,70]. The
coagulant extract of Onopordum platylepis flowers is therefore expected to be more specific
for κ-casein. According to these findings, the crude extracts from this thistle hold promise
as a vegetable rennet.

Statistical analyses revealed no significant differences between spontaneously grown
and cultivated plants (p > 0.05). Thus, our finding suggests that O. platylepis flowers are
a good source of milk-clotting agents and, therefore, encourage the technological use of
selected genotypes, as an alternative to animal rennet in cheese production.
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Cultivation techniques should be continually monitored and improved in order to
improve long-term conservation success of this species. Although this thistle grows in
Mediterranean climates with low rainfall and irregular weather patterns, sandy clay soils
are most suitable for its cultivation. For optimal plant growth, appropriate irrigation
would be necessary according to plant needs. Current cultivation methods will need to be
continuously evaluated and adjusted as necessary to avoid the loss of desirable traits such
as the potential of milk-clotting activity. In this way, it ensures that cultivated plants thrive
in their environment, contributing to the protection of biodiversity and the restoration of
ecosystems. In addition to domestication, conservation efforts should be conducted to
protect genetic diversity, including establishing protected areas, seed banks, and ex situ
conservation measures [6]. Furthermore, in order to facilitate effective breeding efforts, it is
important to understand the genetic basis for desirable traits. Genetic markers associated
with specific traits can be identified using techniques such as genome sequencing and
association mapping [71].

3.3. Correlation Analysis between Chemical Composition and Biological Activities

Table 5 presents the results of correlation analysis, aiming to evaluate the relationships
between the chemical composition (total phenols, total flavonoids, condensed tannins,
protein content, and carbohydrate composition) and the activities of both antioxidant and
milk clotting.

Table 5. Correlation analysis between chemical composition and biological activities in both
plant types.

TPC TF CT Xyl Sac Man Glu Gal Fru Ara PC

IC50
(ABTS)

Pearson
Correlation

−0.394
**

−0.605
** 0.030 −0.224 −0.348

** 0.424 ** −0.258 −0.088 0.151 −0.134 −0.255

Sig.
(2-tailed) 0.003 0.000 0.832 0.103 0.010 0.001 0.060 0.526 0.276 0.335 0.062

IC50
(DPPH)

Pearson
Correlation

−0.562
**

−0.577
** 0.263 −0.348

**
−0.372

** 0.434 ** −0.349
** −0.188 0.041 −0.304 * −0.470

**

Sig.
(2-tailed) 0.000 0.000 0.054 0.010 0.006 0.001 0.010 0.174 0.766 0.025 0.000

MCA
(UP)

Pearson
Correlation 0.728 ** 0.391 ** −0.347 * 0.925 ** 0.556 ** −0.240 0.844 ** −0.443

** 0.481 ** −0.398
** 0.962 **

Sig.
(2-tailed) 0.000 0.003 0.010 0.000 0.000 0.081 0.000 0.001 0.000 0.003 0.000

TPC: Total phenolic compounds; TF: total flavonoids; CT: condensed tannins, Xyl: xylose; Sac: saccharose;
Man: mannose, Glu: glucose; Gal: galactose; Fru: fructose; Ara: arabinose; PC: protein content; IC50: in-
hibitory concentration 50%; MCA: milk-clotting activity. **: Correlation is significant at the 0.01 level (2-tailed).
*: Correlation is significant at the 0.05 level (2-tailed).

Results indicated that the phytochemical composition (total phenols, total flavonoids,
condensed tannins, and sugar composition) of aerial parts of O. platylepis was correlated
with their antioxidant properties (IC50 of DPPH• and ABTS•+). A negative correlation was
observed between total phenols, total flavonoids, and IC50 values for inhibiting DPPH
and ABTS radicals, with coefficients ranging from −0.605 to −0.394 demonstrating a high
level of significance. Additionally, the results revealed a negative correlation between
sucrose, glucose, and IC50 values. A significant correlation was found between sucrose,
glucose, and IC50 of DPPH•, as well as between sucrose and IC50 of ABTS•+. Statistical
analysis showed a negative and significant (p < 0.05) correlation between glucose, sucrose,
and antioxidant activity, which indicates their potential contribution to the production of
various phenolic compounds. In plants, phenolic compounds are primarily synthesized
through two fundamental pathways: the shikimic acid pathway and the acetate–malonate
(polyketide) pathway.
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Glucose plays a vital role as a precursor in the shikimate metabolic pathway, which
is fundamental for producing phenolic compounds, including flavonoids, lignins, and
lignans [72]. As a carbon transporter, sucrose provides energy and a metabolic precursor to
phenolic compound synthesis in plants. Through enzymatic cleavage, it produces glucose
and fructose; these serve as substrates in the shikimate pathway, which is crucial for
phenolic compound biosynthesis [73]. Phenolic compounds play a crucial role in many
biological processes, including antioxidant activity. The antioxidant properties of phenolic
compounds are primarily associated with their oxidation properties, which enable them
to reduce free radicals by donating electrons or hydrogen atoms [74]. Among phenolic
compounds, flavonoids are known for their antioxidant properties, which are related to
their ability to scavenge free radicals and chelate metal ions [75]. Results further indicate
that protein content was negatively correlated with the DPPH and ABTS IC50 values in our
studied thistle aerial parts, suggesting some proteins could be related to antioxidant activity.
This finding is in agreement with a previous study, which suggested that the antioxidant
activity was highlighted in correlation with amino acid composition [76]. Additionally, a
high-significance positive correlation between protein content and milk-clotting activity
was observed, indicating the potential effect of plant proteases within the flower extracts.
Plant proteases, typically belonging to the class of serine or aspartic proteases, initiate milk
coagulation by cleaving specific bonds within milk protein κ-casein. This process leads
to the formation of a gel network that traps the milk fat and other proteins, consequently
resulting in curd formation [77]. In this context, O. platylepis flower extract could offer a
natural alternative to traditional rennet-derived enzymes, aligning with consumer requests
for plant-based and environmentally friendly ingredients.

3.4. Principal Component and Dendrogram Analysis

According to principal component analysis (PCA), the first two components account
for approximately 64.15% of total variability. The first axis explains 44.94% of the variability
and is associated with the following variables: total phenolic compounds (TPCs), xylose
(Xyl), sucrose (Suc), glucose (Glu), milk-clotting activity (MCA), and protein content (PC).
The second axis, which accounts for 19.2% of the variance, includes total flavonoid content
(TFC), condensed tannins (CTs), IC50 ABTS and DPPH, mannose (Man), galactose (Gal),
fructose (Fru), and arabinose (Ara). These results indicate that raw materials obtained
from O. platylepis plants show distinct proximate compositions depending on organs and
genotypes, as revealed by PCA analysis. Moreover, a strong negative correlation between
total phenolic contents, total flavonoids, and IC50 of ABTS•+ and DPPH• can be clearly
seen (Figure 2). Furthermore, the dendrogram confirms the results of PCA analysis and
shows that there is a discernible tendency to isolate two major groups of individuals.
However, spontaneous and cultivated flowers of the studied populations form a distinct
group characterized by significant phenolic compound contents, low IC50 values, and
either high protein or carbohydrate contents (sucrose, glucose, xylose, fructose) among the
evaluated raw materials. The second group is divided into two subgroups including the
leaves and stems of this thistle. All these results confirm the chemical diversity present in
O. platylepis extracts across different organs and genotypes.
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Figure 2. PCA and classification analysis of O. nervosum ssp. platylepis flowers leaves and stems from
three different populations. SOfl: Sousse flowers; NAfl: Nabeul flowers; KAfl: Kairouan flowers;
SOlv: Sousse leaves; NAlv: Nabeul leaves KAlv: Kairouan leaves; SOst: Sousse stems; NAst: Na
stems; KAst: Kairouan stems; S: spontaneous; C: cultivated; TPC: total phenol content; TFC: total
flavonoid content; CT: condensed tannins; Glu: glucose; Fru: fructose; Gal: galactose; Xyl: xylose;
Ara: arabinose; Suc: sucrose; Man: mannose; PC: protein content; IC50: inhibitory concentration 50%;
MCA: milk-clotting activity.

4. Conclusions

This study is the first to explore Tunisian wild and cultivated germplasm of Onopordum
nervosum ssp. platylepis involving the chemical analysis of populations in the center of
Tunisia. The findings from this study demonstrate the impact of both plant tissues and
genetic background on the biochemical potential of Onopordum. Consequently, Onopordum
populations found in a semi-arid climate represent a promising reservoir of compounds
with notable antioxidant and milk-clotting properties, making them a compelling genetic
pool for inclusion in breeding programs. The identified carbohydrate contents in flowers
showed the potential of this plant as a source of prebiotics for human nutrition. Further-
more, the significant amounts of bioactive molecules in various plant parts contribute to
medicinal properties and diverse health benefits. The current study suggests that aerial
parts of O. platylepis have potential applications in the pharmaceutical and food industries,
with flowers potentially serving as reservoirs of bioactive compounds and milk-clotting
agents. Additionally, this study indicates that the domestication of this endangered Tunisian
plant can contribute to its conservation efforts by maintaining genetic differentiation, and
highlights the importance of selecting the most promising populations with valuable
sources of antioxidants, carbohydrates, and milk-clotting agents for breeding programs.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/agronomy14050987/s1, Figure S1. Comparative analysis of antioxidant
activity (DPPH•) in aqueous extracts of O. nervosum ssp. platylepis (A: flowers, B: leaves, C: stems),
from both spontaneous (a) and cultivated (b) thistle. Figure S2. Comparative analysis of antioxidant
activity (ABTS•+) in aqueous extracts of O. nervosum ssp. platylepis (A: flowers, B: leaves, C: stems)
from both spontaneous (a) and cultivated thistle (b).
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