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ABSTRACT

In recent decades, the rapid growth of the global population has led to a concomitant increase in the
demand for both food and medicinal products. Meeting the full spectrum of human nutritional
requirements depends not only on the quantity of food intake but also on the diet's diversity and nutritional
quality. Consequently, the identification and introduction of novel forage or functional plants necessitate a
comprehensive assessment of their chemical, nutritional, and functional properties. For a detailed
evaluation, several parameters must be considered. These include the chemical composition of the fresh
(wet) biomass, the nutritional value of organic constituents, digestibility metrics, and the potential for
silage production or other processing methods. Such assessments provide crucial insights into the
feasibility of incorporating a given plant species into animal feed systems or human dietary applications.
Despite the economic and functional importance of Cynara scolymus (artichoke), studies evaluating its
nutritional and forage potential remain limited. Existing literature indicates that the edible parts of the
plant, particularly the flower heads (capitula), have a high water content of approximately 86.5%, with
nitrogenous compounds accounting for 2.5% of the wet weight. The carbohydrate fraction is represented
by 1% simple sugars and 2% dextrins, while dietary fiber constitutes 1.3%, and ash content 1.3%. Notably,
the fleshy portion of the involucral leaves or “basket” accumulates approximately 2.2% sugar, indicating a
moderate energy contribution from soluble carbohydrates. These compositional characteristics suggest that
C. scolymus not only provides hydration through its high-water content but also contributes essential
nutrients, including nitrogenous compounds and soluble sugars, which are vital for both metabolic and
fermentative processes in animal digestion. Furthermore, the relatively balanced content of fiber and
minerals indicates its potential suitability for silage preparation, providing an additional avenue for
extending its utility in forage and nutritional applications. Given the limited data currently available,
further systematic investigations are warranted to fully characterize the nutritive value, digestibility, and
functional properties of C. scolymus, particularly under diverse cultivation and processing conditions. Such
studies would facilitate evidence-based recommendations for integrating human nutrition and livestock
feeding systems, ultimately enhancing dietary diversity and food security.
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1. INTRODUCTION

Nowadays, the increase in the number of the world's population, in turn, increases the demand for food and
medicinal products, and at the same time, the full supply of the human body's needs for all necessary substances
does not depend only on sufficient nutrition, but the variety of food also requires enrichment at the expense of
nutritious plants. In order to search for and introduce any new fodder plant, it is first necessary to make a detailed
assessment of its nutritional properties. For this, the chemical composition of the wet weight of this plant, the
nutritional value of organic matter, its digestibility, as well as the possibility of making hay and silage, are taken
into account. The flower head of Cynara scolymus contains 86.5% water, 2.5% nitrogenous matter, 1% sugar, 2%
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dextrin, 1.3% fiber, and 1.3% ash. 2.2% of sugar content accumulates in the fleshy part of the basket leaves. The
local supply of raw materials for pharmaceutical production and the cultivation of medicinal plants are currently
major concerns. From an economic perspective, it is crucial to identify new medicinal plants, determine their
chemical composition, and integrate them into conventional treatment methods. In the medium-saline soils of the
Bukhara region, the methodology, formalization, and observed maturation processes of the Imperial Star and
Violettto Cynara scolymus L. cultivars were examined under Uzbekistan’s slightly salinized soil conditions. The
following adaptability characteristics were identified. The anatomical structure of the vegetative organs of the
Artichoke Green Gold variety, which is cultivated in the Bukhara region's medium salinity areas, has been
examined for the first time. Xeromorphic and meso-xeromorphic characteristics emerged, indicating that cell size in
the leaf epidermis decreased, stomatal density increased, stem bark parenchyma thickened, the diameter and number
of conducting tubes increased, and lignification intensified (Isomov et al., 2024). Potassium chloride stress in
artichoke leaves has been associated with reduced leaf dry biomass and significant alterations in mineral
composition. Modifications in hormonal networks and phenolic profiles have also been documented under such
conditions; however, morphometric changes in vegetative organs were not examined in that context (Lucini et al.,
2016). The effects of chloride salts on biomass production and phytochemical composition in artichoke and cardoon
have been comparatively assessed, revealing that KCl application enhances phenolic and flavonoid accumulation,
whereas NaCl and CaCl. treatments improve leaf quality at later developmental stages (Borgognone et al., 2014).
Plant physiological responses to heterogeneous salinity conditions have been widely investigated, yet detailed
information on soil salinity—induced morphometric modifications in the vegetative organs of Cynara L., together
with their phytochemical characterization, remains limited (Bazihizina et al., 2012). Soil salinity has been shown to
influence the growth of C. cardunculus, with measurable variations in shoot and root length observed across
different salt concentrations. Concurrently, phytochemical analyses demonstrated increased total phenol content and
enhanced antioxidant activity under salinity stress (Pappalardo et al., 2020). Elevated salinity levels in nutrient
solutions were reported to reduce leaf dry biomass and leaf number in C. cardunculus cultivars, while
simultaneously stimulating antioxidant activity and the accumulation of phenolic compounds such as chlorogenic
acid, cynarin, and luteolin (Colla et al., 2013). Investigations of salinity tolerance mechanisms within the
Asteraceae have largely focused on species such as Aster tripolium and Aster alpinus, providing insight into
adaptive strategies but offering limited evidence on soil salinity—driven morphometric responses and phytochemical
traits in Cynara species (Wiszniewska et al., 2021). More broadly, salt tolerance has been examined in relation to
general physiological mechanisms and the role of beneficial soil microorganisms in improving crop performance,
without specific consideration of vegetative organ morphometry and phytochemical dynamics in Cynara under soil
salinity conditions (Hanin et al., 2016). Comprehensive analyses of crop responses to multiple abiotic stresses have
further expanded understanding of plant adaptive strategies; nevertheless, an integrated evaluation of the effects of
soil salinity on the morphometric characteristics of vegetative organs in Cynara species, combined with detailed
phytochemical assessment, remains underexplored (Boscaiu & Fita, 2020). Desert environments in Central Asia,
such as those in Uzbekistan, are home to tremendous biodiversity and unique plant groups. However, the loss of
plant cover and habitat degradation have been made worse by increasingly extended droughts caused by climate
change and human pressure (Bobokandov et al., 2024). These results suggest that conventional feeds and plant-
based feeds can compete. However, external environmental factors, especially light conditions, directly affect the
amount and quality of plant biomass. When Chelidonium majus L. was cultivated under several light regimes, the
best lighting resulted in a 20-25% increase in biomass production. These findings highlight the importance of
optimizing agro-technical conditions for growing aquatic and semi-aquatic plants (Hamrayeva et al., 2025). One of
the most pressing issues at the moment is the local availability of raw materials for pharmaceutical manufacturing
and the cultivation of medicinal plants (Bobokandov et al., 2024). The technique, formalization, and observed
maturity processes of the Imperial Star and Violetto Cynara scolymus L. cultivars were investigated in the slightly
salinized soils of the Bukhara region in Uzbekistan. The following traits of adaptability were found. (Isomov et al.,
2024) For the first time, the anatomical structure of the vegetative organs of the Artichoke Green Gold variety,
grown in medium-salinity areas of the Bukhara region, has been investigated. (Isomov et al., 2025). Global
warming and drought have led to habitat destruction in Central Asia, increasing the number of endangered species.
Intense human activity and prolonged droughts driven by climate change have resulted in habitat destruction and a
corresponding vegetation cover crisis in these regions (Akhmedov et al., 2025, Mustanov et al., 2026). Growth
stage and salinity stress have been shown to significantly influence the accumulation of bioactive compounds in
cardoon; however, detailed evidence linking soil salinity to morphometric alterations in vegetative organs remains
limited, and comprehensive phytochemical evaluation in this context has not been sufficiently elaborated
(Petropoulos et al., 2018). Phytochemical and biological characterization of the “Carciofo di Procida” cultivar has
revealed pronounced antioxidant and cytotoxic properties, emphasizing its pharmacological potential, yet without
considering soil salinity—induced morphometric variability in the vegetative organs of Cynara species (Tommonaro
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et al., 2025). Under salinity conditions, potassium silicate application has been investigated in Cichorium intybus
L., demonstrating improved stress tolerance and physiological performance; nevertheless, comparable analyses
integrating morphometric parameters and phytochemical traits in Cynara (Asteraceae) under soil salinity remain
scarce (Mohammadi et al., 2024). Recent phytochemical investigations of C. cardunculus leaves have confirmed
high antioxidant capacity and the presence of diverse bioactive constituents, further supporting the medicinal value
of the genus, although structural responses of vegetative organs to saline soils were not assessed (Cerulli et al.,
2024). The artichoke (C. scolymus) is a perennial species native to the southern Mediterranean region of North
Africa and is now cultivated worldwide as a vegetable crop. Beyond its nutritional importance, it holds a prominent
place in traditional medicine for its antioxidant and anti-inflammatory properties. The presence of phenolic acids
and flavonoids enables effective scavenging of reactive oxygen species, thereby reducing oxidative stress and
inflammatory processes. Traditional applications include blood purification and supportive use in the management
of anemia (Keramati et al., 2022). The globe artichoke (C. cardunculus L. var. scolymus (L.)) is widely distributed
across the Mediterranean basin, where the edible capitulum (head) represents the main economic organ. Its
functional value is associated with high concentrations of polyphenolic compounds and inulin. “Carciofo di
Paestum,” a traditional Italian variety recognized as a PGI product from the Campania region, constitutes an
important agricultural and economic resource. Chemical investigations of this variety have identified 17
compounds, including caffeoylquinic acid derivatives, phenolics, flavonoids, and terpenoids, primarily from
methanolic extracts (Cerulli et al., 2022). Nitrogen assimilation and fertilizer efficiency in Cynara scolymus under
varying soil conditions have been extensively examined (Abzalov et al., 2016). Independent of phosphorus supply
levels, ammonium sulfate and, especially, urea have been shown to enhance the intensity of nitrogen biosynthesis
and protein accumulation in plant tissues. Morphologically, artichoke varieties are characterized by large, fleshy,
homogamous, spherical capitula with multi-rowed involucral bracts. The lower bracts are narrowed and pinnatifid,
often terminating in a spine, although spineless forms with rounded margins also occur. The receptacle is flat and
slightly fleshy, covered with long bristles, while the corolla is straight and five-lobed with unequal divisions
(Lishchuk, 1991). The varieties Green Gold, Imperial Star, and Violetto are perennial herbs reaching 0.5-2 m in
height. Stems are thick, erect, and pubescent with a grayish surface. Basal leaves are large and densely pubescent
abaxially, with lower stem leaves reaching up to 1 m in length and 50 cm in width. Upper leaves are progressively
reduced and modified into involucral bracts. Capitulum diameter ranges from 32—46 cm in Green Gold, 30-38 cm
in Imperial Star, and 28-33 cm in Violetto. The involucre is ovoid to nearly spherical, composed of overlapping
bracts with fleshy bases; outer bracts may be slightly reflexed, whereas inner bracts remain straight and spineless.
Numerous bluish-violet tubular flowers develop within the head. Flowering occurs in May—June, followed by seed
formation. Cultivation is typically performed in moist soils of southern regions (Lishchuk, 1991). Within the
Republic, bioecological and chemical investigations of artichoke under introduction conditions have provided
valuable insights. Adaptive anatomical features of vegetative organs under irrigated and non-irrigated regimes were
described. The influence of mineral and organic fertilizers on the uptake of microelements was analyzed by
Abzalov et al. (2016). Elemental composition and biologically active substances in leaves were quantified by
Mirrahimova & Yunuskhojaev (2015), and subsequent work contributed to the standardization of the preparation
“Cinaron Bio” derived from globe artichoke (Mirrahimova & Yunuskhojaev, 2015). Related agronomic and
physiological investigations were further expanded by Aramov & Aliev (2020).

In this context, the present study was designed to comprehensively analyze and compare the chemical and
phytochemical composition of selected Cynara scolymus L. species, with the aim of elucidating interspecific and
varietal differences in bioactive compounds, thereby enhancing the understanding of their nutritional, medicinal,
and agronomic potential.

2. MATERIALS AND METHODS
2.1. Experimental Site and Planting Conditions

The field experiments were conducted at the Botanical Garden of Samarkand State University, Uzbekistan. The
experimental site is located in the Zarafshan Valley, characterized by a continental climate. The soil of the
experimental plots is classified as typical gray soil (sierozyom). Pre-sowing soil analysis indicated a pH of 6.0-6.5,
providing a suitable environment for plant growth and nutrient uptake. In the autumn season, the plots were
prepared by plowing to a depth of 25-30 c¢cm to improve soil structure and aeration. Artichoke seeds were sown
manually at a uniform depth of 3—4 cm. To ensure optimal plant density and light interception, a planting scheme of
70 x 40 cm was employed. Standard agrotechnical practices, including regular irrigation based on soil moisture
levels and mechanical weed control, were consistently applied throughout the entire vegetation period.

2.2. Phenological Observations
Phenological stages of the plants were monitored throughout the vegetation period following the methodology
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described by Bedeman (1960). The observations included the following growth stages: commencement of
vegetation, budding stage, onset and mass flowering, fruit formation, commencement of fruit ripening, and full
physiological maturity.

2.3. Chemical Analysis of Plant Material

To determine the nutritional value and chemical composition of the artichoke hay, samples were collected
during the [typical gray soil, pH value of 6.0-6.5] stage. Chemical analyses were performed at the Samarkand
Geological Laboratory. The following parameters were determined using standardized biochemical methods:
Nitrogen and Crude Protein: Determined using the Kjeldahl method (Alikayev et al., 1967).
Inulin and Carbohydrates: Analyzed according to the methods described by Razumov (1986).
Crude Fiber and Fat: Determined using the Henneberg-Stohmann and Soxhlet extraction methods, respectively.
Ash and Dry Matter: Measured through gravimetric analysis (dry ashing in a muffle furnace at 550°C).
Carotene: Analyzed using spectrophotometric methods.
Micro and Macroelements: Determined following the procedures proposed by Lukashik and Tashilin (1976).

2.4. Statistical Analysis

All experimental data were subjected to statistical processing to ensure the reliability of the results. Data
management was performed using Microsoft Excel 2019. The mathematical statistics were calculated according to
the methods of Gorya (1978). The significance of differences between the means was evaluated using Student’s t-
test, with a confidence level of (P<0.05). The results are presented as the mean + SD. The experiment was laid out
in a Randomized Complete Block Design (RCBD) with three replications.

3. RESULTS

When growing Cynara scolymus as fodder, it is very important to have information about its organic
composition, which determines its nutritional value According to the results of the experiment, it was found that
crude protein (16.45%) in the composition of its above-ground organs in the experimental area was high in the
flowering phase, and oil in the fruiting phase and in the composition of the seeds (4.63 and 30.0%). Crude protein
(11.69-12.67%) is accumulated in the beginning of the vegetation and fruiting phases of development, and the least
amount of fat is accumulated in the beginning of the vegetation and flowering phases (2.85-3.02%) (Fig. 1).

Fig. I: Chemical
70 4 o composition of Cynara
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40 M Budding dry mass, %); Chemical
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10 (irrigated area, absolute
- dry mass, %).
0 M Fruiting
® Seed

Plants in the non-irrigated area also have a large amount of crude protein (16.0%) in the flowering phase, and
oil in the budding and fruiting phases (3.20-4.14%). On the contrary, crude protein (12.10-11.3%) and fat (2.11%)
are less accumulated in the flowering phase (Fig. 2).

To confirm that Cynara scolymus is a valuable fodder plant, the chemical composition of several individually
grown grassland plants was compared (Table 1).

Information about all plants except Cynara scolymus from the work of. According to the analysis of the given
data, Cynara scolymus is high in protein, fat, and fat content, and cellulose is low (Table 1).

In addition, fructose and inulin accumulated in the leaves. According to the results of the experiment, fructose
16.0-19.0 mg%, inulin 6.66-8.64% accumulate in the plants in the irrigated field. The non-irrigated area contains
14.8-17.4 mg of fructose and 5.40-7.20% of inulin. These results indicate that Cynara scolymus is of great
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economic importance.

Fig. 2: Chemical
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Table I: Comparative analysis of the chemical composition of Cynara scolymus and other grassland plants (absolute dry mass, %)

Plants names Sample time  Kletchatka Ash Fat Protein Protein

Color or black 10.05 32.30 + 1.25P 9.00 *0.75P 4.35 £ 0.200 8.35 + 0.45¢ 3.70 £ 0.15¢
Konirbash 18.06 29.70 = 1.10¢ 12.78 + 0.95b 2,62 £0.18¢ 5.95 + 0.30d 3.68 + 0.20¢
Water wheat 27.05 26.48 + 0.954 4.52 + 0.35¢ - 10.15 £ 0.60 7.80 + 0.50°
Wormwood 16.06 35.60 = 1.502 5.95 + 0.40¢ 3.10 £0.22¢ 10.35 £ 0.55p 6.55 + 0.40°
Tar 26.05 23.00 + 0.80e 18.00 + I.102 3.17 £ 0.25¢ 14.20 £ 0.752 10.86 £ 0.702
Artichoke 12.05 23.77 + 0.90e 16.18 £ 0.852 4.63 £ 0.302 16.45 + 0.902 11.77 + 0.852

Values (mean + SD) bearing different alphabets in a column differ significantly (P<0.05).

Provitamin A carotene is also mainly in plant leaves, and its amount varies. The amount of carotene
accumulation varies with the amount of chlorophyll in chloroplasts, and it actively participates in photosynthesis
(Sinkovsky et al., 1974). In the experiments conducted by Agalina in Tajikistan, 115.47 mg/kg of carotene was
accumulated in the dried above-ground part of artichoke.

The analysis of the results revealed that the carotenoid content in Cynara scolymus varies across developmental
stages. The obtained data are presented in Table 2. As can be seen from the table, carotene (384.0 mg/kg) is highest
during the flowering phase of the plants in the irrigated field, but it is lower (142.5 mg/kg) at the beginning of the
vegetation phase. In the non-irrigated field, carotene is accumulated in the highest amount (378.1 mg/kg) in the
flowering phase, but in a low amount (136.7 mg/kg) in the beginning phase of vegetation (Table 2).

Table 2: Accumulation of sugar and carotene according to the development phases of Cynara scolymus (absolute dry mass)

Growth phases In irrigated conditions In non-irrigated conditions

Sugar % Carotene mg/kg Sugar % Carotene mg/kg
Beginning of vegetation 6.34 £ 0.32¢ 142.5 + 7.5¢ 6.01 +0.30¢ 136.7 + 6.8°
Budding 9.95 + 0.480 246.7 + 12.3b 9.63 + 0.46P 2202 + | 1.0
Flowering 10.70 £ 0.522 384.0 = 15.62 10.4 + 0.502 378.1 £ 1492
Fruiting 11.80 £ 0.602 2482 + |2.0b 1.5 +0.582 204.1 £ 10.2b
Seed formation 3.99 £ 0.204 - 32+0.18 -

Values (mean * SD) bearing different alphabets in a column differ significantly (P<0.05).

The amount of sugar is also variable across development phases, and it is higher in the fruiting phase of plants
in the irrigated area (11.80%) and in the non-irrigated area (11.5%). During the initial phase of vegetation, less
sugar accumulated in the irrigated area (6.34%) and the non-irrigated area (6.01%) (Table 2). Cynara scolymus is a
cold-resistant plant; its leaves remain green even under snow. Therefore, this process, that is, the high content of
carotene and sugar in the leaves formed in the fall (wintering leaves), increases the cold resistance of plants.

The concentration of mineral substances in the wet weight of Cynara scolymus is of great interest because the
amount of mineral substances in their feed is important for the smooth functioning of vital processes in the animal's
body. Deficiency of any of these substances in the diet of animals can lead to the development of pathological
conditions in their organism. Therefore, the accumulation of mineral elements in the aboveground organs of Cynara
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scolymus was studied across the development phases (Fig. 3).

Fig. 3: Macronutrient
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From the data presented in the table, it can be seen that calcium (15.05-17.36 g/kg) and sulfur (2.32-2.79 g/kg)
accumulate in the irrigated area in the highest amount during the budding and flowering phases, while calcium
(10.88 g/kg) in the beginning phase of vegetation, phosphorus (0.66-0.95 g/kg) in the vegetation phase. observed
during initiation and fruiting. The magnesium element is the most abundant in the fruiting phase (10.2 g/kg), and
the lowest amount is found in the beginning of vegetation and budding phases (4.52-5.83 g/kg). Potassium is found
in much larger amounts during the flowering phase (21.36 g/kg) and almost twice as much at the beginning of
vegetation (12.56 g/kg). The amount of sodium is much lower during fruiting (1.98 g/kg) than during budding and
flowering (4.56-6.45 g/kg) (Fig. 3).

Calcium (14.60-17.2 g/kg) and phosphorus (1.329-1.12 g/kg) are the most abundant in the non-irrigated
field, but in the phase of the beginning of vegetation (10.32 g/kg), phosphorus (0.62 g/kg) is the least. The
greatest amount of magnesium is in the fruiting phase (10.1 g/kg), and a small amount is accumulated in the
beginning of the vegetation and budding phases (5.51-4.32 g/kg). Potassium is more abundant in the flowering
phase (21.4 g/kg) and less in the beginning of the vegetation and fruiting phases (12.20-15.4 g/kg). Sodium is
absorbed in large amounts in the budding and flowering phase (4.20-6.15 g/kg) and in small amounts in the
fruiting phase (1.55 g/kg) (Fig. 4).

25 Fig. 4: Macronutrient
composition of Cynara
scolymus (unirrigated

20 - area, absolute dry mass,

B The beginning of vegetation glkg).

15 | N Budding

® Flowering
10 - M Fruiting
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2 ® Urug’
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The high nutritional value of the plant depends on the amount of the above-mentioned mineral substances in its
composition. In comparison, artichoke has less calcium (17.36 g/kg) than other nutritious plants, such as alfalfa (20
g/kg). But it is more than corn (4.2 g/kg), rye (4.6 g/kg), and sunflower (14 g/kg). Also, the amount of phosphorus,
which is one of the important elements, is almost equal to that of traditional fodder plants. Based on these data, it is
possible to recommend the use of the thorny artichoke plant as feed to meet the elemental needs of livestock.

The least amount of copper (3-5 mg/g) is accumulated in forage plants growing in meadows. Therefore, the
copper needs of livestock are not covered. This process can be significantly observed, especially in summer, when
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the surface of many plants dries up, because at this time the amount of copper is greatly reduced.

The accumulation of microelements (Cu, Fe, Mn, Zn), important for livestock, in Cynara scolymus varieties
was studied across different phases of plant development. The total amount of copper in the above-ground part of
the thorny artichoke is 13-14 mg/kg, which is 2-3 times that of traditional nutritious rye, rapeseed, alfalfa, and corn.
In the phases of development, it varies widely. These data are presented in (Table 3).

Table 3: Micronutrient composition of Cynara scolymus (irrigated area, absolute dry mass)*

Growth phases Cu (mg/kg) Fe (mg/kg) Mn (mg/kg) Zn (mg/kg)
Beginning of vegetation 8.75 £ 0.42¢ 166.9 + 8.3¢ 52.7 £2.6b 31.8+ 1.5¢
Budding 14.37 £ 0.70b 195.1 £9.7b 60.3 + 3.0° 380+ 1.9°
Flowering 16.67 + 0.822 209.7 + 10.5° 742 +3.7a 47.3£232
Fruiting 17.86 + 0.902 2382+ [1.92 474 £ 2.4 529 +2.62
Seed formation 3.02 £ 0.15d 45.7 + 2.3d 29.6 + .4 21.1 +1.0d

Values (mean * SD) bearing different alphabets in a column differ significantly (P<0.05).

It can be seen from the data presented in the table that the amount of copper in the plants in the irrigated area is
very low (8.75 mg/kg) in the initial phase of vegetation, and high (16.67-17.86 mg/kg) in flowering and fruiting.
Among such important elements, manganese was observed in the highest amount in the budding and flowering
phases (60.3-74.2 mg/kg), and the lowest amount was observed in the beginning and fruiting phases of vegetation
(47.0-47.4 mg/kg).

It corresponds to the data obtained by (50-100 mg/kg). According to the authors, the amount of zinc in the
ration of dairy cows should be 20-50 mg/kg. The amount of zinc in the composition of grassland plants in
Uzbekistan is rarely very low, not exceeding 12-15 mg/kg. In the thorny artichoke, it is much higher than in other
plants at the beginning of vegetation (31-38 mg/kg) and corresponds to the flowering and fruiting phases (43.7-52.9
mg/kg). Similarly, the amount of iron (Fe) is also variable across development phases and accumulates mainly
during flowering and fruiting (209.7-238.2 mg/kg).

In the non-irrigated area, the amount of copper is less in the flowering and fruiting phases (16.20-16.50 mg/kg)
than in the beginning phases of most vegetation (8.25 mg/kg). Manganese also accumulates in large quantities in
the flowering phase (73.5 mg/kg) and less in the initial phase of vegetation (51.9 mg/kg), and the amount of zinc is
high in the flowering and fruiting phases (46.6-51.7 mg/kg), and less in the initial phases of vegetation (30.9 mg/kg)
(Table 4).

Table 4: Micronutrient content of Cynara scolymus (in non-irrigated field, absolute dry weight)

Growth phases Cu (mg/kg) Fe (mg/kg) Mn (mg/kg) Zn (mg/kg)
Beginning of vegetation 8.75 + 0.43¢ 155.9 £ 7.8¢ 51.9 +2.6° 309 = 1.5¢
Budding 14.20 £ 0.70b 186.0 + 9.30 59.1 £2.90 373+ 1.8
Flowering 1620 + 0.812 198.0 + 9.90 735+ 3.6 46.6 £ 2.32
Fruiting 16.50 + 0.832 2292 + | 1.52 46.3 £2.3¢ 51.7 £ 252
Seed formation 2.85+0.14d 442 +2.2d 284 + |.4d 20.4 + 1.0d

Values (mean + SD) bearing different alphabets in a column differ significantly (P<0.05).

4. DISCUSSION

The salt tolerance of Cynara species is governed by specialized anatomical adaptations and sophisticated
metabolic regulation. According to Chen et al. (2024), these species possess distinct salt-secreting structures,
including salt bladders and specialized glands. These anatomical features play a critical role in regulating salt
accumulation within leaf tissues by sequestering or excreting excess ions, thereby preventing cellular toxicity and
enhancing overall salinity tolerance. The salt tolerance of Cynara species is governed by specialized anatomical
adaptations and sophisticated metabolic regulation. These anatomical features play a critical role in regulating salt
accumulation within leaf tissues by sequestering or excreting excess ions, thereby preventing cellular toxicity and
enhancing overall salinity tolerance (Lu et al., 2021; Chen et al., 2024). Beyond specialized glands, the functional
integrity of vegetative organs is maintained through precise stomatal regulation. Franzisky et al. (2021) highlighted
that guard cells in Cynara varieties undergo significant metabolic adjustments to preserve turgor pressure. This
adaptation is essential for maintaining stomatal conductance and gas exchange efficiency under osmotic stress
induced by high soil salinity (Munns & Tester, 2008; Chaves et al., 2009; Franzisky et al., 2021). Furthermore, the
general resilience of these plants to abiotic stress involves a complex interplay of secondary metabolite production
and genetic signaling pathways (Hanin et al., 2016; Pappalardo et al., 2020). While many studies focus on the
broader mechanisms of salt tolerance and genetic engineering (Muchate et al., 2016; Zhou et al., 2024), the specific
anatomical modifications in the vegetative organs of Cynara L. varieties serve as a primary line of defense,
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ensuring survival and growth in saline environments. The article presents the results of an ecological and
anatomical study of plants from the coastal shallows of rivers and lakes in the Lower Amur region to identify their
resistance and adaptability to environmental conditions. Seven stenotopic species were studied (Tsyrenova, 2024).
The metamorphosed stems of both species share a similar structure, with assimilating tissue beneath the epidermis
and colorless tissue in the central part. However, Ruscus hypoglossum L. has fewer, larger cells in the central
tissue, whereas Ruscus aculeatus has more, but smaller, cells (Timuc & Gostin, 2024). The results of the ecological
and anatomical study of plants in the coastal shallows of rivers and lakes in the Lower Amur region are presented to
assess their resistance and adaptability to habitat conditions (Tsyrenova, 2024). Plants growing in arid environments
developed structural adaptations to reduce water loss and dissipate excessive light energy (Almabek et al., 2024). It
was found that Cyperus rotundus exhibits typical characteristics of adaptation to an amphibious environment,
including tissue air cavities and an apoplastic barrier in roots (Zheng et al., 2024). In taxonomic studies, structural
characteristics of vegetative organs, in addition to floral traits, contribute significantly to species identification and
classification. To provide insights into these characteristics within the genus, our findings revealed that P. sinensis
leaves from forests experiencing mild to moderate rocky desertification exhibited higher specific leaf area (SLA)
and magnesium concentrations. In contrast, these leaves had lower leaf dry matter content (LDMC) and thinner
abaxial and adaxial epidermal layers than those from forests with severe to extremely severe desertification (Li et
al., 2025). Dioecious tree species may be more vulnerable to climate warming if sex-related sensitivity to drought
occurs, since lower performance of one sex may drive differential stress tolerance and sex-related mortality rates
(Rodriguez-Ramirez & Terrazas, 2025). Plants deploy different strategies to optimize the N uptake by roots, based
on a complicated regulatory network that controls root phenotype and physiology (Rouina et al., 2025). The
diaspores of Asteraceae have three structures that can contain sticky substances: exocarp epidermal cells, exocarp
trichomes, and viscid pappus. The South American species Adenostemma brasilianum (Asteraceae) has all three
features (Dosil Hiriart et al., 2025). This study provides new insight into the plastid genome evolution and
phylogenetic relationships. Moreover, it would be fundamental to formulate potential conservation and management
strategies for the enigmatic species in the Himalaya (Yu et al., 2022). A set of anatomical and carpological
characters indicates a possible relationship between Gymnarrhena and the basal subtribes Cardopatiinae and
Carlininae of the tribe Cardueae. The morphophysiological adaptations of G. micrantha and Cousiniopsis
atractyloides cypselae to dissemination under desert conditions, which are similar in structural details, apparently
suggest a close relationship between the subfamilies Gymnarrhenoideae and Carduoideae (Kravtsova, 2024). The
study of the anatomical structure of the roots in the promising artichoke varieties Green Gold, Imperial, and
Violetto revealed that, in transverse section, the roots are circular and belong to the non-fascicular type, remaining
non-lignified the examines the phytochemical composition of Cynara scolymus, highlighting key bioactive
constituents such as cynarin, chlorogenic acid, and flavonoids, which contribute to its hepatoprotective, anti-
inflammatory, antioxidant, and various therapeutic effects, including anti-cancer properties (Goel, 2025).

Cynara scolymus L. contains high levels of phenolic acids, flavonoids (like luteonin and apigenin), soluble and
insoluble dietary fibers (especially inulin and pectins), contributing to its antioxidant power and potential health
benefits against cardiovascular, hepatic, and neurological disorders (Ayuso et al., 2024). Cynara scolymus leaves
contain high levels of phenolic compounds, flavonoids, tannins, and essential minerals. The extracts exhibit
significant antioxidant and anti-inflammatory activities, attributed to these bioactive phytochemicals, as analyzed
through various methods including HPLC and several antioxidant assays (Ben Salem et al., 2017).

The reviews the phytochemical composition of Cynara cardunculus L. var. scolymus, highlighting its rich
content of polyphenols, flavonoids, and other compounds, alongside its diverse bioactivities, including antioxidant,
anti-inflammatory, and anticancer properties, emphasizing extraction and purification methods (Valduga et al.,
2023). Highlights that artichoke (Cynara scolymus L.) contains high levels of bioactive compounds, including
inulin, minerals, vitamins, fiber, and polyphenols, which contribute to its health benefits and potential in preventing
degenerative disorders like cardiovascular diseases and certain cancers (Frutos et al., 2019). Cynara scolymus L.
contains phenolic acids, flavonoids, and sesquiterpene lactones, with caffeic acid derivatives being predominant.
The extracts exhibit significant antioxidant activity, enhancing cell viability in 3T3 fibroblasts, highlighting their
therapeutic potential and rich bioactive composition (Nichita et al., 2015). In all the varieties examined, the root
anatomy is divided into three main zones: the periderm (cork), the bark parenchyma, and the central cylinder. The
periderm consists of three layers: phellem, phellogen, and phelloderm. The periderm, which surrounds the root
externally, is composed of these three layers. The phellogen cells are rectangular in shape, elongated radially, and
produce the dead phellem cells, which contain suberin, outward. Inwardly, the phellogen gives rise to living cells of
the phelloderm; these cells are larger and rectangular in shape, distinctly differentiated from the inner bark
parenchyma cells. The bark parenchyma is composed of thin-walled cells that are rounded, oval, or isodiametric in
shape. The bark parenchyma cells in the Green Gold and Violetto varieties have a smaller diameter (33.33 + 0.41
um) compared to the Imperial Star variety, where they exhibit a larger diameter (60.93 + 0.68 um). Furthermore,
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the bark parenchyma occupied 30% of the root diameter, with cells densely packed. with the cells being densely
packed. Overall, the current body of evidence reinforces the critical role of anatomical and morphological plasticity
in facilitating plant survival and performance under diverse environmental stresses. The evaluates the biological
activity of chemical compounds in Cynara scolymus L. using the "Pass online" program, detailing the chemical
composition of its body, leaves, flowers, and oil, along with its applications in traditional medicine and healthcare
(Asqarov & Mo’minov, 2023).

The study characterizes Cynara scolymus L. by analyzing its methanol, ethyl acetate, and n-hexane extracts for
total phenolic content, antioxidant activities, and macro/microelement levels, highlighting its potential as a natural
source of potassium and zinc (Albayrak et al., 2022). Understanding structural modifications in roots, stems, and
leaves, coupled with physiological responses to salinity, drought, and other abiotic factors, offers valuable insights
for plant breeding, conservation, and management. The integration of anatomical, physiological, and molecular
perspectives provides a robust framework for predicting plant responses to future environmental changes and for
guiding sustainable utilization of plant resources

Discusses Cynara scolymus L. containing bioactive metabolites like polyphenols and terpenoids, which exhibit
hypolipidemic, hepatoprotective, and antioxidant properties. Key compounds include chlorogenic acid, cynarin,
luteolin, and sesquiterpenes, contributing to its therapeutic effects (Zadworny, 2024). The study conducted a
qualitative and quantitative analysis of Cynara scolymus L., identifying key bioactive compounds such as phenolic
compounds, chlorogenic acid, cynaroside, and essential minerals like sodium, potassium, calcium, and magnesium,
highlighting its potential medicinal applications (Akhmadova et al., 2024).

Further research focusing on the morphometric and phytochemical traits of Cynara species under controlled
and field conditions will enhance our understanding of their adaptive strategies, informing both ecological theory
and practical applications in agriculture and conservation.

5. CONCLUSION

The results of the present study demonstrated that Cynara scolymus possesses a rich chemical composition and
can be considered a valuable non-traditional nutritious plant under the ecological conditions of our Republic. The
analysis of its aboveground parts revealed the presence of essential nutrients and biologically important compounds,
including proteins, carbohydrates, carotene, nitrogen-free extractives, inulin, and a wide range of mineral elements
such as calcium, phosphorus, potassium, copper, and iron. These components play an important role in improving
the nutritional value of plant biomass and may contribute to its potential use as a supplementary feed resource for
animals. The chemical composition of Cynara scolymus varied with plant developmental stage. The obtained results
showed relatively high levels of protein (16.45%), carotene (384.0 mg/kg), nitrogen-free extractives (36.84%), and
inulin (6.66-8.64%), as well as significant concentrations of mineral elements, including calcium (17.36 g/kg),
potassium (21.36 g/kg), copper (16.67 mg/kg), and iron (209.7 mg/kg). The presence of these nutrients indicates the
plant's high biological and nutritional value. In addition, comparative analysis revealed that plants growing in
irrigated areas contained higher concentrations of nutrients and mineral elements than those growing in non-
irrigated conditions. This suggests that irrigation and environmental factors significantly influence the accumulation
of biologically active compounds in Cynara scolymus. Overall, the findings of this study confirm that Cynara
scolymus can serve as a promising unconventional plant resource with high nutritional potential. Its rich
biochemical composition and adaptability to local environmental conditions indicate that it may be effectively
utilized in agricultural practice, particularly as a supplementary feed source and a valuable plant for further
scientific and practical applications.
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