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ANNOTATION

The qualification work is devoted to the phytochemical study of flowers and
leaves of the Silybum marianum.

The qualification work contains the results of an analytical review of
literature data on the botanical characteristics, chemical composition and use of
milk thistle raw materials. Phytochemical studies of the qualitative composition,
quantitative content of biologically active substances and quality indicators for the
leaves and flowers of milk thistle.

The qualification work consists of an introduction, a literature review, an
experimental part, general conclusions, a list of references and appendices. The
work is presented on 43 pages, includes 10 tables and 50 figures. The list of
references contains 37 sources.

Key words: Silybum marianum, flowers, leaves, chemical composition.

AHOTALIA

KBanmigikamiiina poGota  mpucBiYeHa  (PITOXIMIYHOMY  BHUBYEHHIO
posropori msmuctoi (Silybum marianum L. Gaertn).

Kgpaniikamiitna podoTa MICTUTh Pe3yibTaTH aHATITUYHOTO OIISIAY JaHHUX
JITEpaTypu MoA0 OOTaHIYHOI  XapaKTePUCTHUKH, XIMIYHOTO CKJIaay Ta
3aCTOCYBaHHS CHPOBHHH PO3TOPONII IUIAMHUCTOI. DITOXIMIYHHUX JIOCTIIKEHB
SAKICHOTO CKJIaJy, KUIbKICHOTO BMICTY O10JI0TYHO aKTUBHUX PEUYOBHH 1 OKA3HUKIB
SKOCTI JIJIs1 KBITOK Ta JIUCTS PO3TOPOTIII IJISIMUCTO.

KBanmigikaiiiitna poOoTa CKIagaeTbcsi 31 BCTyMy, OINIAAY JITEpaTypH,
EKCIIEPUMEHTAIbHOT YaCTWHHU, 3arajlbHUX BHCHOBKIB, CIHUCKY BHUKOPHUCTaHOI
JiTepatypu Ta nomarkiB. PoOorta Bukmamena Ha 43 cTopiHkax, Bkiouae 10
Tabauib Ta 50 pucyHkiB. CIIMCOK BUKOPUCTAHOI JIITEPATYPH MICTUTH 37 JKEPE.

Kniouogi cnosa: po3roporniia ImiIssMHUCTa, KBITKH, JTUCTS, XIMIYHHHN CKJIa].



TABLE OF CONTENTS

LIST OF SYMBOLS ..o 5

INTRODUCGCTION ...ttt 6

CHAPTER 1 BOTANICAL CHARACTERISTIC, GEOGRAPHICAL
DISTRIBUTION, CHEMICAL COMPOSITION, APPLICATION
IN MEDICINE AND CULINARY OF SILYBUM MARIANUM

RAW MATERIALS (LITERATURE REVIEW) .......ccccovevvviennne. 8
1.1 Botanical charaCteristiC..........ccoccevvereiieresieie e 8
1.2.Geographical distribution ...........cccocceviiiiiiiii 10
1.3 Chemical compoSItION .........cccvviiiiiieiic e 10
1.4 Application in MEdiCINe........cccvvviiverie e 17
1.5 Application in CUlinary .........cccceveeie v 18
(O70] 0 0] (113 [0 3 S JAS S PUTRSPTRTRTSPRS 20
CHAPTER 2 STUDY OF THE CHEMICAL COMPOSITION OF SILYBUM
MARIANUM RAW MATERIALS ..., 21
2.1. Characterization of the research subject...........cccccceevvvirnnnnnn 21
2.2. Determination of flavolignans.........ccccccevvviiviiienieevic e 22
2.3. Determination of arbutin...........cccccerviieninin e, 24
2.4. Determination of organic acids..........ccccevvvvivervenineseesinsenns 26
2.5. Determination of hydroxycinnamic acids.............cccccevvennnn 28
2.6. Determination of anthocyanins............cccccceeeeiii i cic e, 31
2.7. Determination of polysaccharides ...........cccoocvvviivieiciininnnn 32
2.8. Determination of flavonoids...........cccoovevvviiiieie e, 35
2.9. Determination of tannins ..........cccccevvevie e 38
(OF0] 0 0] 1113 (0] LSRR SURSSTS 40
CHAPTER 3 DETERMINATION OF QUALITY INDICATORS OF SILYBUM
MARIANUM ... 41
3.1. Determination of total ash content..........cccccoeevevvinneiiennnen, 41

3.2. Determination of mass loss during drying..........ccceeeveenee. 42



CONCIUSIONS. . ... oottt ettt sttt sbe e b srees 43
GENERAL CONCLUSIONS ... .ot e 44
REFERENCES ... .ottt 45
APPENDIX . o 50



LIST OF SYMBOLS

BAS — biologically active substance;
SPU — State Pharmacopoeia of Ukraine;
TLC — thin-layer chromatography;

PC — paper chromatography.



INTRODUCTION

Rationale. Medicinal products of plant origin occupy a leading position
among the drugs widely used in evidence-based and traditional medicine. That is
why the search for promising plant sources that can be used to obtain modern and
effective herbal remedies is a priority task of pharmaceutical science.

One of the promising objects for phytochemical research is cultivated and
wild plants that have a sufficient raw material base but have not been sufficiently
studied. Milk thistle (Silybum marianum (L.) Gaertn) belongs to such plants. The
plant is widespread in many countries of the world, including Ukraine.

According to the literature, milk thistle is used worldwide to treat diseases of
the liver, gallbladder, skin, mucous membranes, dermatitis, and to remove toxic
substances from the body.

However, only the seeds of milk thistle have been thoroughly studied, and
the leaves and flowers of the plant remain insufficiently researched.

That is why the phytochemical analysis of milk thistle flowers and leaves is
relevant.

Purpose. The aim of the study was to investigate the phytochemical study of
leaves and flowers of milk thistle.

Tasks of the research. To achieve this goal, it was necessary to solve the
following tasks:

- To analyze the literature on the botanical characteristics, chemical
composition, and use of milk thistle in medicine;

- To study the qualitative and quantitative composition of biologically active
substances in the flowers and leaves of milk thistle;

- Establish numerical parameters for the raw materials of milk thistle,
namely, weight loss during drying and total ash.

The object of the research: phytochemical study of leaves and flowers of
milk thistle.



The subject of the research: study of chemical composition and numerical
indicators in raw materials of milk thistle.

Methods of the research.

The qualitative composition of the raw materials was studied using chemical
reactions and chromatography. The quantitative content of biologically active
substances was determined by titrimetric, spectrophotometric and gravimetric
methods.

The results were statistically processed.

The practical significance and scientific novelty of the results.

The results of studies of the chemical composition, leaves and flowers of
milk thistle contributed to an in-depth study of this plant material. This opens up
new prospects for the further use of milk thistle as a valuable medicinal plant,
which can be the basis for the development of new medicines.

Approbation of the research results. "ldentification of biologically active
compounds in raw materials Silybum marianum (L.) Gaertn.", one abstract was
published at VII International Scientific and Practical Internet-Conference
«Current approaches of pharmaceutical science in development and
standardization of medicines and dietary supplements that contain components of
natural origin», Kharkiv 2025 (Appendix).

The structure and scope of the qualification work — consists of an
introduction, a literature review, an experimental part, general conclusions, a list of
used literary sources, laid out on 43 pages, including 10 tables, 50 figures, 37

literature sources.



CHAPTER 1
BOTANICAL CHARACTERISTIC, GEOGRAPHICAL DISTRIBUTION,
CHEMICAL COMPOSITION, APPLICATION IN MEDICINE AND
CULINARY OF SILYBUM MARIANUM RAW MATERIALS
(LITERATURE REVIEW)

1.1 Botanical characteristic

Milk thistle (Silybum marianum) is a diploid (n=34, x=17) plant of the
Compositae (Asteraceae) family. in culture it is grown as an annual, the full cycle
of its development, according to different researchers, takes place in one growing
season, the duration of which is from 90 to 130 days, depending on the region.

The root system is tap root, the main mass of roots is in the soil layer 0-50
cm. The stem is straight or branched, 1-1.5 m high, cylindrical, furrowed, bare or
slightly spider-webbed, covered with powdery plaque. Its active growth occurs in
the phase of mass budding. Lower leaves are gathered in rosettes, obovate-
lanceolate or spiny-toothed, upper leaves are pinnately lobed or pinnately
dissected, green, shiny, with large white spots. Rosette leaves are petiolate, stem
leaves are sessile [4,36,37].

Inflorescence is an elongated, more often globular, single basket 3-6 cm in
diameter at the top of the stem or side shoots. The wrapper is shingled, consisting
of prickles and green prickly leaflets. The peduncle is flat, fleshy.

Tubular flowers are sessile (Fig. 1.1.), purplish-purple in color, but can be
pink and even white. on average, 80 to 100 flowers are formed in an inflorescence,
with a lifespan of no more than two days. flowering of one inflorescence lasts an
average of 26 days. flower unfolding in the inflorescence is centrifugal. their
fragrance is honey-jasmine, quite pleasant [4,22,23].

Fruit (seeds in agronomic practice, Fig. 1.1.) is a seed with a tuft, elliptic or
obovate, up to 8 mm long, 2-4 mm wide, 1-3 mm thick, slightly compressed from
the sides, glabrous. Surface smooth, sometimes longitudinally wrinkled, shining.

Coloration dark brown or black with brown elongate-longitudinal spots, sometimes



grayish. Crests — volatiles, which are formed on the seeds from the bract,
contribute to the spread of the fruit by the wind. Sometimes at its strong breeze
they spread to a distance of up to 10 m from the mother plant. The weight of 1000
seeds is 25-30 g. On average, 196.8 seeds are set in one inflorescence. It has been
found that the weight of one seed from the moment of its setting to maturity
increases from 5 to 26 mg [4,10,25,27].

Milk thistle blossoms and ripening of its fruits lasts for a long time — the first
flowers appear in July and the last ones in late September. Seeds begin to ripen in
July, and the last — in October. Milk thistle is perfectly renewable by seeds, giving
a friendly self-seeding, which leads in many places to its feralization and

ruderalization.

Fig. 1.1. Appearance of plant (A), flower (B), seeds (C)
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1.2. Geographical distribution

Milk thistle is native to the Mediterranean [4]. In nature and culture, it is
widely distributed in Europe, Asia Minor and Central Asia, North America, North
Africa and Australia (Fig.1.2.). This plant is able to adapt to harsh environments
such as cold, drought, salinity.

In Ukraine, milk thistle is most widespread in the southern regions —
Kherson, Mykolayiv and Odessa, although in almost all other regions of the
country its sown areas are registered.

In Europe, milk thistle is traditionally cultivated in Bulgaria, Hungary,
Germany, Spain, Poland, Romania [4,20,30]. Its fruits (seeds) are the raw material
of export-import operations and are bought by pharmaceutical companies for the

manufacture of medicines and products of special food — dietary supplements.

Fig.1.2. Geographical growth of Silybum marianum

1.3 Chemical composition

Milk thistle is a unique medicinal plant that contains various groups of BAS
[4,10,15,18,22,23,24,25,26,27,28,31,34,35,36,37].

The chemical composition of the plant includes flavonolignans
[4,9,10,11,14,15]: Silybin A, (Fig.1.3), Silybin B (Fig.1.4), Isosilybin A (Fig.1.5),
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Isosilybin B (Fig.1.6), Silicristin A (Fig.1.7), Silicristin B (Fig.1.8), Isosilybin C
(Fig.1.9), Isosilybin D (Fig.1.10), Silydianin (Fig.1.11), Silymonin (Fig.1.12), 2,3-
cis-silybin B (Fig.1.13), (-) Isosilandrin A (Fig.1.14), (-) Isosilandrin B (Fig.1.15),
Silandrin A (Fig.1.16), Silandrin (Fig.1.17). Milk thistle contains flavonoids
[9,35]: (-)-Epicatechin (Fig.1.18), Catechin (Fig.1.19), Phlorizin (Fig.1.20),
Procyanidin B, (Fig.1.21), Procyanidin C; (Fig.1.22), Kaempferol (Fig.1.23), the
plant also contains fatty acids: Palmitic acid (Fig.1.25), Stearic acid (Fig.1.26),
Linoleic acid (Fig.1.27).
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Fig.1.10. Isosilybin D
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Fig.1.17. Silandrin

Fig.1.21. Procyanidin B;
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HO

Fig.1.27. Linoleic acid

1.4 Application in medicine

This wild plant has been used as a medicinal remedy for thousands of years
[4,12,13,16,17,19]. The ancient Greeks used a decoction of milk thistle fruit 2,000
years ago (It was first mentioned by Theophrastus). It is believed that the Romans
were aware of its beneficial properties and used it to treat liver diseases. In India,
milk thistle was used in homeopathic and folk medicine. In Europe, milk thistle
extract has long been recommended for liver disorders such as hepatitis and
cirrhosis [17,20,21,32,37]. Famous French physician Leclerc established the
stabilizing effect of milk thistle fruit on the autonomic nervous system, and also re-
recommended tincture of the fruit to improve appetite. German researchers have
conducted experiments proving the protective effects of milk thistle in chronic
chlorine poisoning. In addition, research in Diisseldorf has shown that milk thistle
is highly effective in fatty liver dystrophy [4,20,21,36].

The seeds of milk thistle are the medicinal raw material. Milk thistle is a
unique plant for the treatment of, first of all, the liver, stomach, intestines, has
proven itself in diseases of the skin, cardiovascular pathology, ear, throat, nose.
With the help of milk thistle can solve a number of gynecological problems. It is
also used in the treatment of hemorrhoids. Milk thistle oil is widely used in
cosmetology. For the recovery of the body, it can be constantly added to food in

the form of oil or meal.
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Such hepatoprotective preparations as Silibor, Darsil, Heparcil have been
developed on the basis of Milk thistle. Also the plant is used in dietary
supplements. It is used in the form of cold-pressed milk thistle seed oil, milk thistle
seed powder meal. Its pharmacological effects in vivo and in vitro include anti-
inflammatory, antioxidant, anti-tumor, hypoglycemic, neuroprotective and
immunoregulatory properties [4,5,6,7,8,12,16,17,32,33]. Pharmacological activity

of milk thistle preparations is shown in the figure 1.28.

Asthma
Tuberculosis

LUNG

Fig.1.28. Pharmacological activity of milk thistle.

1.5 Application in culinary

Milk thistle is not only a medicinal plant it is very often used in culinary
recipes of various countries. The young leaves of Silypbum marianum are tender,
juicy, crisp, and refreshed, which are excellent vegetables for consume. Achenes of
Silypum marianum are protein-rich and can be used to produce protein powder,
which is characterized by high protein content, low fat content, and low cholesterol
levels. There are known culinary recipes in which the combination of Silybum
marianum oil with baked goods can increase the nutritional value of foods by

providing them with additional nutritional value.
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Baked goods can increase the nutritional value of the products by providing

them with additional vitamins, proteins and linoleic acid [4].
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CONCLUSIONS

1. A detailed literature analysis on botanical characteristics, distribution,
chemical composition, use in medicine and cooking of milk thistle has been carried
out.

2. The conducted literature review confirms the pharmacological prospects
of milk thistle and also points to the rich chemical composition of this medicinal

plant and the possibility of developing new drugs based on it.
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CHAPTER 2
STUDY OF THE CHEMICAL COMPOSITION OF SILYBUM MARIANUM
RAW MATERIALS

2.1. Characterization of the research subject

Milk thistle flowers and leaves were chosen as the objects of study, and the
raw materials were harvested during flowering in June 2024. After harvesting, milk
thistle was dried at room temperature from 20 to 25 degrees, crushed, sieved
through a sieve, and extracts were obtained for the study. The appearance of dried

milk thistle and raw materials is shown in Figure 2.1-2.2.

Fig. 2.2. Milk thistle flowers prepared for analysis and flowers crushed to

powdered form
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2.2. Determination of flavolignans

1.0 g of the crushed raw material was placed in a 100-ml conical flask with a
rim, 50 mL of 95% ethanol was added, connected to a reflux condenser, and heated
over a water heating plate for 30 min. The resulting extract was then settled for 5-
10 minutes and filtered through a paper filter into a 200-mL volumetric flask. The
extraction was carried out twice more and after cooling, the volume of the solution
was made up to 95% alcohol (solution A).

2 ml of the extract (solution A) was taken from the volumetric flask,
transferred to a 25 mL flask and the volume of the solution was made up to the
mark with 95% ethyl alcohol (solution B). The optical density of solution B was
measured after 30 min on a spectrophotometer at a wavelength of 289 nm. 95%
ethyl alcohol was used as a reference solution. In parallel, the optical density of the
alcohol solution of silybin GSO was measured at a wavelength of 289 nm.

The content of the sum of flavolignans in terms of silybin and dry raw
materials in percent (X) was calculated by the formula:

AXVxMyx100x100
Ao Vox mx(100-w)
where: A — is the optical density of the solution under study (solution B),
A.— is the optical density of the GSO of silybin,
m — is the mass of raw materials, g,
M, — is the mass of GSO silybin, g,
V —is the volume of the test solution, ml,
V, — is the volume of the standard silybin solution, ml;
W — weight loss during drying, %.
The results of quantitative determination of flavolignans in milk thistle raw

material are presented in Table 2.1. and Figure 2.3.
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Table.2.1
Results of quantitative determination of flavolignans in flowers and leaves of milk
thistle
X T Confidence €
min|l X mnea S2 S mean P (P.n) nterval 9%
112 3 4 5 6 7 8 9 10
flowers
0,72
0,73
5/4| 0,75 | 0,72 | 0,0018 | 0,00193 |0,95| 2,78 0,72+0,05 0,72
0,72
0,74
leaves
1,42
1,49
54| 158 | 1,49 | 0,0014 0,0140 0,95 2,78 1,49+0,04 4,52
1,60
1,64

The quantitative content of flavolignans in the leaves of milk thistle was —
1,49+0,04% and in the flowers was — 0,72+0,05%.

1,49
0,72 T

T
L

leaves

flowers

Fig. 2.3. Results of quantitative determination of flavolignans in leaves and

flowers of milk thistle.
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2.3. Determination of arbutin

Quantitative determination of arbutin in leaves and flowers of milk thistle
was carried out by spectrophotometric method. For this purpose 0.5 g of the
crushed raw material was placed in a 100 ml flask, 50 ml of water was added and
heated in a water bath. The hot extract was filtered into a 100-ml volumetric flask
through a paper filter. To the raw material was added 25 ml of water again and
heated for 25 min. The hot extract with the raw material was transferred to the
same filter and washed twice with water (10 ml each). To the filtrate was added 3
ml of basic lead acetate solution, stirred and, after cooling, made up to the mark
with water. The flask was heated in a water bath until the precipitate was
completely coagulated.

The hot liquid was completely filtered into a dry flask through a paper filter.
After cooling, 1 ml of concentrated sulfuric acid was added to the filtrates, the
flasks were weighed, and heated for 1.5 h.

The flasks were cooled, brought to their original weight with water, and the
liquid was completely filtered through a paper filter. 0.1 g of zinc dust was added
to the filtrates and shaken for 5 min. The liquid was then filtered into a dry flask.

To the flask was added 2 ml of 0.08 % sodium sulfacyl sulfate, 2 ml of
sodium nitrite solution. After 3 min, 0.4-0.5 ml of the extract and 0.04 ml of
sodium hydroxide solution were added and made up to 6 ml with water.

The tubes with the solution were heated in a water bath for one minute. After
20 minutes, the optical density of the solution was measured at 490 nm. Purified
water was used as a comparison solution

The arbutin content (x, %) was calculated by the formula:

Ax0,938x6x 100
X = mmmmmmmemmee e :
A xAxB
where: A — is the optical density of the test solution;

0.938 — conversion factor to anhydrous arbutin;

6 — total volume of the test solution:;
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100 — volume of the measuring flask;

E'%;.m— specific absorption of arbutin at 410 nm;

A — weight of raw material;

B — volume of the extract taken for analysis.

The results of quantitative determination of arbutin in milk thistle leaves and

flowers are summarized in Table 2.2 and Figure 2.4.

Table.2.2
Results of quantitative determination of arbutin in flowers and leaves of milk
thistle
min| X; [X mean S? Smean| P (PTn) C?R{;?jglce e, %
leaves
0,37
0,36
5/4| 0,37 | 0,37 | 0,00013 | 0,005 0,95 | 2,78 0,37+0,01 0,38
0,37
0,37
flowers
0,20
0,25
514(0,27| 0,25 |0,0012| 0,014 |0,95| 2,78 0,25+0,06 4,67
0,30
0,35

Arbutin content in milk thistle leaves was quantified — 0,37+0,01%, in
flowers — 0,25+0,06 %.
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0,37

HH

leaves

Fig. 2.4. Results of quantitative determination of arbutin in milk thistle

flowers and leaves

2.4. Determination of organic acids

The study of the qualitative composition of organic acids in milk thistle

flowers and leaves was carried out using chromatography. For this purpose, the

mobile phase was used — 96 % ethanol-chloroform-ammonia concentrated — water

(70:40:20:2). Standard samples were also used: citric acid, oxalic acid, salicylic

acid, and ascorbic acid. In order to detect organic acids in milk thistle flower and

leaf extracts, a pre-dried paper chromatogram was treated with bromothymol blue

solution and heated in an oven at a temperature of 100 to 105 °C. The scheme of

the chromatogram is shown in Fig. 2.5.

00 0

Fig. 2.5. Schematic of the chromatogram for
the detection of organic acids in flowers and
leaves of milk thistle: 1 — aqueous extract of milk
thistle flowers, 2 — aqueous extract of milk thistle
leaves; 3 — ascorbic acid; 4 — citric acid; 5 —
oxalic acid; 6 — salicylic acid.

Mobile phase: 96 % ethanol — chloroform —
concentrated ammonia — water in the ratio of
70:40:20:2.

Development

reagent: bromothymol blue

solution, when heated at 100 to 105 °C.
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The chromatographic analysis revealed the presence of ascorbic, citric,

oxalic and salicylic acids in milk thistle raw materials.

The quantitative content of organic acids in milk thistle flowers and leaves

was determined according to the method described in SPU 2.0, Supplement 1,

according to the monograph “Rosehips N by alkalimetric titration [1].

The results of the quantitative determination of organic acids in milk thistle

leaves and flowers are shown in Table 2.3 and Fig. 2.6.

Table.2.3
Results of quantitative determination of organic acids in milk thistle leaves
and flowers
T Confidence
. 2 0
mi|{n| Xj | X mean S Smean | P (P, n) interval e, %
leaves
1,70
1,90
5(4(215 | 1,87 |0,0027 |0,0228 [0,95| 2,78 1,87 40,12 | 4,37
2,50
2,70
flowers
1,30
1,35
541139 | 1,37 |0,0180 |0,0698 |0,95| 2,78 1,37+0,08 4,25
1,40
1,45

Quantitative content of organic acids in milk thistle leaves made up —
1,87+0,12 %, in flowers — 1,37+0,08%.
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1.87

leaves

flowers

Fig. 2.6. Results of quantitative determination of organic acids in milk thistle

flowers and leaves

2.5. Determination of hydroxycinnamic acids

Chromatography and aqueous extracts of milk thistle flowers and leaves
were used to identify hydroxycinnamic acids.

The qualitative composition of hydroxycinnamic acids in the flowers and
leaves of the plant was carried out using TLC. To do this, the analytical sample of
the raw material was crushed to a particle size of 1-2 mm. Then, 10.0 g of the raw
material was placed in a flask, 1000.0 ml of 70 % ethanol was added and extracted.
The resulting extracts were evaporated under vacuum to a thick extract and applied
to a chromatogram.

Chromatographic analysis was carried out by the method of ascending TLC
in the mobile phases: 1 direction — 15 % acetic acid and 2 direction — 2 % acetic
acid. Standard samples of hydroxycinnamic acids (caffeic, chlorogenic, non-
chlorogenic, and p-coumaric acids) were used for comparison. The substances
were determined by fluorescence in UV light at 254 nm and 365 nm before and
after treatment with ammonia vapor, ferric (Ill) chloride solution and by
comparing Rf with the valid samples of hydroxycinnamic acids. Under the action
of ammonia vapor, the zones of hydroxycinnamic acids on the chromatogram

acquired a blue color.
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As a result of chromatographic analysis, chlorogenic, non-chlorogenic and
caffeic acids were identified in the leaves and flowers of milk thistle. A diagram of
the chromatogram for the detection of hydroxycinnamic acids in milk thistle raw

materials is shown in Fig. 2.7.

o OO

F-b=d--F-4-d--F-d--F-t-4--F-
2 3 4 5 6

F
1

Fig. 2.7. Schematic of the chromatogram of milk thistle hydroxycinnamic
acids of leaves and flowers.

1- aqueous extract of flowers, 2— aqueous extract of leaves, 3— chlorogenic
acid, 4— caffeic acid, 5- non-chlorogenic acid, 6— p-coumaric acid.
Mobile phase— 15% acetic acid.

Detection reagent: alcohol solution of ferric (11l) chloride followed by
heating in an oven at 100-105 °C

The chromatographic analysis of the plant raw materials revealed caffeic,
chlorogenic, non-chlorogenic and p-coumaric acids.

The results of the quantitative determination of hydroxycinnamic acids in

milk thistle leaves and flowers are given in Table 2.4 and Fig. 2.8.
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Table.2.4

The results of quantitative determination of hydroxycinnamic acids in milk

thistle leaves and flowers, %.

min| X

X mean

SZ

S mean

P

T
(P, n)

Confidence
interval

e, %

leaves

1,20

1,24

1,25

1,30

1,35

1,40

1,25

0,0028

0,02050

0,95

2,18

1,25+0,01

3,57

flowers

1,40

1,48

54|15/

1,60

1,65

0,70

0,0013

0,0150

0,95

2,78

0,70+0,06

4,67

The presence of hydroxycinnamic acids in milk thistle leaves was found to
be —1,25+0,01 %, in flowers — 0,70+0,06 %.

flowers

0,70

HH

1.25
t

leaves

Fig. 2.8. Results of quantitative determination of hydroxycinnamic acids in

milk thistle flowers and leaves.




31

2.6. Determination of anthocyanins

The presence of anthocyanins was detected only in milk thistle flowers,
which is confirmed by the corresponding qualitative reactions.

The determination of anthocyanin content in milk thistle flowers was carried
out according to the SPU 2.0, Vol. 3 presented in “Bilberry fruits, fresh”,
monograph. Anthocyanins were determined using a Mecasys Optizen POP
spectrophotometer [2].

The results of the determination of anthocyanins in milk thistle flowers are
presented in Table 2.5 and Fig. 2.9.

Table.2.5
Results of determination of anthocyanin content in milk thistle flowers, %.
X 9 T (P, | Confidence

m | n X mr?a S S mean P n) interval e, %
0,19
0,20

54| 026 |020| 00012 | 0,0432 | 0,95 | 2,78 | 0,20+0,42 | 2,40
0,28
0,30

The quantitative content of anthocyanins in flowers of milk thistle is
0,20+0,42%.

HHi

0
leaves

flovers

Fig. 2.9. Results of quantitative determination of anthocyanins in flowers

and leaves of milk thistle.
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2.7. Determination of polysaccharides

The study of polysaccharides in milk thistle flowers and leaves was carried
out using a reaction with copper tartrate reagent, as a result of the reaction in two
tubes, a brick-red precipitate was formed. In addition, the presence of
polysaccharides was determined in aqueous extracts from milk thistle flowers and
leaves by adding a threefold amount of 96 % ethanol, as a result of this reaction,
the formation of white precipitates was observed.

The identification of polysaccharides in milk thistle raw materials was
carried out using PC. The scheme of the chromatogram for the study of plant

carbohydrates is shown in Fig. 2.10.

Fig. 2.10. Schematic of the chromatogram for the study of the
polysaccharide composition of milk thistle flowers and leaves: 1 — water extract of
flowers; 2 — water extract of leaves; 3 — ribose; 4 — glucose; 5 — galactose, 6 —
arabinose

Mobile phase: acetone — butanol — water in the ratio (7:2:1).

Development reagent: aniline phthalate.

Chromatography method: descending.
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As a result of the chromatographic study of the polysaccharide composition
in milk thistle leaves and flowers, the following were identified: ribose (Fig. 2.11.),

glucose (Fig. 2.12.), galactose (Fig. 2.13.).

Fig. 2.12. Structural formula of glucose.

OH OH

o)
HO Z

OH OH

Fig. 2.13. Structural formula of galactose.

Determination of the quantitative content of polysaccharides in milk thistle
flowers and leaves was carried out according to the method described in SPU 2.0,
Vol. 3, “Plantain large leavesN” using the gravimetric method [3].

The results of the quantitative determination of polysaccharides in milk
thistle flowers and leaves are shown in Table 2.6 and Fig. 2.14.
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Table.2.6

Results of quantitative determination of polysaccharides in milk thistle

leaves and flowers, %.

min| X; [Xmean| §? Smean | P (P-,rn) C?:Jei?\?glce e, %
leaves
6,40
6,80
54| 770 | 7,70 | 0,0048 | 0,0299 |0,95| 2,78 7,70+0,50 4,35
7,80
7,90
flowers
3,45
3,50
5 | 4 3,56 | 3,50 | 0,0013 | 0,0150 [0,95| 2,78 3,50+0,17 2,50
3,60
3,70

The presence of polysaccharides in milk thistle leaves was found to be
7,704£0,79 %, and in flowers 3,50+0,17 %.

flowers

'S

H n

7,70

leaves

HH

Fig. 2.14. Results of quantitative determination of polysaccharides in

flowers and leaves of milk thistle.
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2.8. Determination of flavonoids

Identification reactions and chromatography were used for the qualitative
detection of flavonoids in milk thistle leaves and flowers. In particular, the
following identification reactions were used:

1. The cyanidin reaction resulted in the formation of a red-pink color in the
ethanol extract of milk thistle flowers and leaves.

2. When plumbum acetate solution was added to the tubes, a gradual
formation of a yellow precipitate was observed in the tubes with flowers and leaves
of the plant.

3. When adding ferric (I11) chloride solution to milk thistle flower and leaf
extracts, the formation of a dark green color of the plant raw material extracts was
observed.

The identification reactions used indicate the presence of flavonoids in the
milk thistle raw materials under study. Also, for the identification of flavonoids in
the raw materials of the plant, we used TLC chromatography.

Fig. 2.15. Scheme of the chromatogram

-------------------------------------- for the detection of flavonoids in milk

thistle flowers and leaves: 1 — aqueous
O O O extract of milk thistle flowers, 2 —
O O O aqueous extract of milk thistle leaves; 3
— hyperoside; 4 — quercetin; 5 — rutin; 6
O — myricetin.

O O O Mobile phase: n-butanol P — acetate ice
acid P — purified water P, in a ratio of

4:1:2.

T Y O ST

1 2 3 4 5 6 Development reagent: 5% ethanol

solution of AICIs.



36

Using the TLC method (Fig. 2.15), hyperoside (Fig. 2.16), quercetin (Fig.

2.17), rutin (Fig. 2.18), were identified in milk thistle leaves and flowers.

OH

OH 0

Fig. 2.18. Structural formula of rutin.

According to the methodology given in Appendix 1, (“Sophora flowers”)
according to the SPU 2.0, the quantitative content of flavonoids in milk thistle
flowers and leaves was determined by the spectrophotometric method [1].

The results of the quantitative content of flavonoids in milk thistle raw

materials are shown in Table 2.7 and Fig. 2.19.
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Table.2.7
Results of quantitative determination of flavonoids in milk thistle leaves and
flowers, %
m|n| X | Xmean S? Smean| P |T(P,n) Confidence e, %
interval -
leaves
1,30
1,50
514(160 170 0,0027 |0,0228 |0,95]| 2,78 1,70 £0,15 3,27
1,70
1,90
flowers
0,80
0,90
541,10 | 1,20 0,0180 |0,0698 |0,95]|2,78 1,20+0,10 4,15
1,20
1,30

The presence of flavanoids in milk thistle leaves was found to be 1,70+0,15

%, and in flowers 1,20+0,10 %.

flowers

._.
H 1o
(=

leaves

Fig. 2.19. Results of quantitative determination of flavonoids in flowers and

leaves of milk thistle.




38

2.9. Determination of tannins

Various identification reactions were used to detect tannins in milk thistle
raw materials:

1. A gelatin solution was added to the extracts of milk thistle flowers and
leaves to form a cloudy precipitate in tubes of plant material.

2. With a quinine chloride solution — due to the addition of quinine chloride
to the tubes, a white amorphous precipitate was formed in the tubes with flowers
and leaves of milk thistle.

3. With a solution of ferric (111) ammonium sulfate — the formation of black-
green color in test tubes with leaves and flowers of milk thistle was observed.

The quantitative determination of tannins in the leaves and flowers of milk
thistle was determined by the spectrophotometric method [2].

The results of the quantitative determination of tannins in milk thistle
flowers and leaves are shown in Table 2.8 and Fig. 2.20.

Table.2.8

Results of quantitative determination of tannins in milk thistle flowers and

leaves
T Confidence
m n| X;i | Xmean S2 Smean P _ e, %
(P, n) interval
flowers
1,99
2,01
5 41204 | 207 0,0074 | 0,0369 | 0,95 2,78 | 2,07+0,10 & 480
2,11
2,15
leaves
3,28
3,39
S 41 342 | 344 0,0064 | 0,0257 | 0,95 2,78 3.44+0,09 | 2,97
3,46
3,50
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It was found that the tannin content in flowers is 2,07+0,10%, and in leaves
— 3,44+ 0,09%.

flowers

leaves

Fig. 2.20. Results of quantitative determination of tannins in milk thistle

flowers and leaves.
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CONCLUSIONS

The qualitative composition of milk thistle leaves and flowers was studied
using identification reactions, chromatography on paper and in a thin sorbent layer.

The presence of organic and hydroxycinnamic acids, polysaccharides,
flavonoids, anthocyanins, arbutin, flavolignans and tannins in the flowers and
leaves of the plant was established.

The content of biologically active substances in milk thistle flowers and
leaves — organic and hydroxycinnamic acids, polysaccharides, arbutin,
flavolignans, flavonoids, tannins and anthocyanins for the flowers of the plant —

was determined.



CHAPTER 3

MARIANUM

3.1. Determination of total ash content
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DETERMINATION OF QUALITY INDICATORS OF SILYBUM

The quantitative content of total ash in the flowers and leaves of milk thistle

was studied by the method “Total ash” included in SPU 2.0, Vol. 1 [2]. The results

of determination of total ash in flowers and leaves of milk thistle are presented in

Table 3.1 and Fig. 3.1.

Table.3.1
Results of determination of total ash content in milk thistle leaves and flowers, %.
nn X g S smen P O %
leaves
3,10
3,20
54330 330 00006 @ 00641 | 095 278 3,30:0,17 |3,50
3,40
4,05
flowers
2,10
2,20
5 429 290 000210 | 00752 | 095 2,78 2,90+0,20 | 4,20
2,70
2,90

3,30+0,17 %, in leaves it is 2.90+0,20%.

It was found that the mass loss during drying in milk thistle flowers is



flowers

leaves

8]

b0

Fig. 3.1. Results of quantitative determination of total ash in milk thistle

flowers and leaves.

3.2. Determination of mass loss during drying
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The loss in weight during drying in milk thistle flowers and leaves was

determined according to the method given in SPU 2.0, Vol. 1, according to the

monograph “Loss in weight during drying” using the gravimetric method [2, 3].

The results of the study are presented in Table 3.2 and Fig. 3.2.

Table.3.2
Results of determination of weight loss during drying of milk thistle leaves and
flowers, %.
mlnl x X . S mean 5 T(P, | Confidence ¢,
mean n) interval %
leaves
5,10
5,20
5 4]530| 519 | 0,045360 | 0,09524 0,95 @ 2,78 | 5,19+0,20 | 5,25
5,40
5,50




43

Continuation of table 3.2

mlnl x X < S mean . T(P, Cc-)nfidence €,
mean n) interval %
flowers
4,30
4,50
5 4]470| 4,40 | 0,04536 | 0,09524 0,95 2,78 | 4,40+0,30 | 4,20
4,90
5,50

It was found that the mass loss during drying in milk thistle flowers is
4.40+0,30 %, in leaves it is 5.19+0,20 %.

5’119

4,40
T
i

flowers leaves

Fig. 3.2. Results of quantitative determination of loss in masa during drying

of milk thistle flowers and leaves.
CONCLUSIONS
For leaves and flowers of milk thistle, we quantified the loss in mass during

drying and total ash, which can be used to develop quality control methods for raw

materials.
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GENERAL CONCLUSIONS

1. A detailed review of the literature on the botanical characteristics,
geographical distribution, chemical composition and use of milk thistle raw
materials in medicine was carried out.

2. The qualitative composition of milk thistle flowers and leaves was
studied.

Using chromatographic methods of analysis in milk thistle flowers and
leaves, the following were determined organic acids (ascorbic, citric, oxalic and
salicylic acids); hydroxycinnamic acids (caffeic, chlorogenic, non-chlorogenic and
p-coumaric acids); polysaccharides (glucose, galactose, ribose); flavonoids
(hyperoside, quercetin, rutin).

3. Quantitative determination of the content of hydroxycinnamic and organic
acids, flavolignans, arbutin, polysaccharides, flavonoids, tannins in leaves and
anthocyanins in flowers of milk thistle was carried out.

4.The quality indicators of milk thistle leaves and flowers were determined,

in particular: weight loss during drying; total ash content.
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Penakuiiina xomerisi: A. A. Kotinpka, I. M. Brnagmmuposa, B. FO. Kysueroga,
B. C. Kucinuenko, O. O. Iocumienko
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© H®ay, 2025
© Konexmue asmopis, 2025

53



Continued appendix A

pure MCT oil, oxidation took place in 6.52 hours, but in the sample with lyophilized
extract it took up to 157.56 hours. Determination of the content of fatty acid methyl
esters showed that MCT oil primarily consists of 4 fatty acids. The ascending
contents of the acids were as follows: caprylic acid, decanoic acid, lauric acid and
caproic acid. The percentage content of these acids is minimally affected by the
extracts, so their presence does not change the chemical structure of the oils. When
determining the micro and macro elements, the presence of ten elements was found,
the content of which varied depending on the sample, but calcium dominated.
Antimicrobial activity showed that pure MCT coconut oil has high antimicrobial
activity, especially against bacterial pathogens except for Escherichia coli CCM
3988, which was resistant to all tested samples. Antiradical activity showed
significantly increased activity after the addition of extracts. Pure MCT oil reached a
value of 7.35 +2.55 mg TEAC.I", oil with encapsulated extract 84.59 +7.77 mg
TEAC.I", oil with lyophilized extract 45.84 +2.93 mg TEACI" and oil with
encapsulated extract 31.61 +6.75 mg TEAC.I"". Sensory analysis revealed that MCT
oils are new to consumers, and they perceive them positively: from a 9-point hedonic
scale, the sample with encapsulated extract received a minimum of 3.3 points and the
sample with pure MCT oil received a maximum of 5.0 points from the overall
impression after consumption.

Conclusions: The study concluded that the shelf life of oils is significantly
influenced by the type and amount of extract added. Peroxide values were low,
indicating minimal oxidation, while acid numbers varied, with encapsulated extracts
leading to higher acidity. MCT oil primarily consists of four fatty acids, with the
extracts not altering their chemical structure. The analysis revealed the presence of
essential micro and macro elements, particularly calcium. Pure MCT oil exhibited
high antimicrobial activity, although it was ineffective against Escherichia coli. The
addition of extracts significantly increased antiradical activity. Sensory evaluation
indicated a generally positive consumer perception of MCT oils, with varying scores
based on the extract type.

Acknowledgements: This work was supported by the project APVV-22-0348
Potential anticancer effect of MCT coconut oil conditioned by the addition of extracts
from selected Capsicum spp.

IDENTIFICATION OF BIOLOGICALLY ACTIVE COMPOUNDS IN RAW
MATERIALS SILYBUM MARIANUM (L.) GAERTN.
Nouamane Nouhaila, Popyk A. L
National University of Pharmacy, Kharkiv, Ukraine

Introduction. Milk thistle (Silybum marianum (L.) Gaertn.) is a well-known
medicinal plant of the Asteraceae family, whose fruits are widely used in many
countries as a hepatoprotective, choleretic, anti-inflammatory, antioxidant and
immunomodulatory agent [1]. They contain flavolignans, flavonoids, fatty oils,
tannins and biogenic amines. However, the leaves and flowers of the plant have been
little studied, so a detailed phytochemical study of them is relevant.
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The aim of our work was to identify the main groups of biologically active
compounds in Silybum marianum flowers and leaves.

Materials and methods. To prepare the aqueous extracts, 5.0 g of the studied
raw materials were poured with water in a ratio of 1:5 and heated in a water bath for
60 minutes, shaking occasionally. The obtained extracts were filtered through a
pleated filter into a 200 ml flask. The extraction of raw materials was repeated twice
more with new portions of extractant under the conditions described above. The
combined extracts were concentrated and used for the determination of
polysaccharides, amino acids, and tannins. Aqueous-ethanol extracts from Silybum
marianum flowers and leaves were obtained with 70% ethanol according to the
method described above. The obtained extracts were used for the detection of
flavonoids. For the identification of polysaccharides, a fourfold volume of 96%
ethanol was used, which was added to the extracts from Silybum marianum flowers
and leaves, and the formation of an amorphous precipitate was observed. The
presence of flavonoids and tannins in the extracts was determined using well-known
chemical reactions: cyanidin reaction (pink color), with 10% solution of ferric (III)
chloride (black-green color), with 2% solution of aluminum chloride (green-yellow
yellow-green color), with 10% potassium hydroxide solution (yellow-green color)
and 1% quinine hydrochloride solution (amorphous precipitate), with 1% gelatin
solution (turbidity appeared), with ferric (III) ammonium sulfate (black-green color).
The detection of amino acids was performed by reaction with a freshly prepared 0.2%
ninhydrin solution in isopropyl alcohol (violet-red color) [2].

Results and discussion. The results of the experiment confirmed the presence
of polysaccharides, amino acids, flavonoids and tannins in the flowers and leaves of
Silybum marianum. The data obtained will be used for further phytochemical study of
this raw material.

References:

1. Milk thistle in liver diseases: past, present, future / L. Abenavoli, R. Capasso, N.
Milic, F. Capasso. Phytotherapy Research. 2010. Vol. 24(10). P. 1423-1432.

2. Pharmacognosy: textbook for students of higher schools / V. S. Kyslychenko, L.
V. Lenchyk, I. G. Gurieva, et al. Kharkiv: NUPh: Golden Pages, 2019. 584 p.

DETERMINATION OF DRY RESIDUE IN PHYTOSUBSTANCES FROM
THE HERB OF ZINNIA ANGUSTIFOLIA KUNTH.
Ohar V.R., Budniak L.I.
Ivan Horbachevsky Ternopil National Medical University of the Ministry of
Health of Ukraine, Ternopil, Ukraine

Introduction. Species of the genus Zinnia exhibit a range of biological
activities, including antioxidant, antibacterial, antifungal, antiviral, hepatoprotective,
antimalarial, cytotoxic, and insecticidal properties [3].

Zinnia angustifolia Kunth. (also known as Zinnia linearis) is less commonly
found in gardens compared to Zinnia elegans Jacq., but it is gradually gaining
popularity. Additionally, this plant has smaller solitary flowers and narrower leaves [2].
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REVIEW

of scientific supervisor for the qualification work of the level of higher

education master of the specialty 226 Pharmacy, industrial pharmacy
Nouhaila NOUAMANE
on the topic: «Phytochemical study of Holy thistle flowers and leaves (Silybum

marianum (L.) Gaertn)»

Relevance of the topic. Nouamane Nouhaila's work is devoted to the
phytochemical study of milk thistle (Silybum marianum). Since this plant is widely
cultivated in many countries and in Ukraine as a well-known medicinal plant, since
the study of the chemical composition of the leaves and flowers of the plant is
poorly understood, the topic of the of the qualification work is relevant.

Practical value of conclusions, recommendations and their validity. Nouamane
Nouhaila's conducted a review of the scientific literature on the botanical
characteristics, chemical composition and use of milk thistle. In the practical part,
the master's student carried out a considerable amount of work - studied the
qualitative composition, determined the quantitative content of BAS and
established the quality indicators of raw materials according to the requirements of
the State Pharmacopoeia of Ukraine of the raw materials under study.

Assessment of work. The qualification work of Nouamane Nouhaila's was
performed at a high scientific level with the use of modern methods of analysis:
chemical reactions, chromatographic and instrumental methods research. The
results of the quantitative content of biologically active substances are statistically
processed in accordance with the requirements of the State Fiscal Service of
Ukraine.

General conclusion and recommendations on admission to defend. The
qualification work Nouamane Nouhaila's “Phytochemical study of Holy thistle
flowers and leaves (Silybum marianum (L.) Gaertn)” can be submitted for defense
to the Examination commission.

Scientific supervisor Andrey POPYK

«13» of May 2025
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REVIEW
for qualification work of the level of higher education master, specialty

226 Pharmacy, industrial pharmacy
Nouhaila NOUAMANE
on the topic: «Phytochemical study of Holy thistle flowers and leaves (Silybum

marianum (L.) Gaertn)»

Relevance of the topic. Phytochemical study of wild plants used in folk medicine
used in official and folk medicine is a promising and relevant area in
phytochemistry. Milk thistle belongs to such plants, and the study of this plant is
devoted to.

Theoretical level of work. Nouhaila NOUAMANE analyzed and summarized the
sources of literature on the botanical characteristics, chemical composition
composition, use in medicine of milk thistle (Silybum marianum).

Author’s suggestions on the research topic. Nouhaila NOUAMANE conducted
phytochemical analysis of the leaves and flowers of milk thistle, which can be
further used in the development of relevant sections of quality control methods for
this type of raw material.

Practical value of conclusions, recommendations and their validity. Nouhaila
NOUAMANE determined the quality indicators of the raw materials under study,
analyzed the following classes of BAS: polysaccharides, organic acids, phenolic
compounds, in particular hydroxycinnamic and organic acids, flavolignans,
flavonoids, arbutin, anthocyanins, and tannins.

Disadvantages of work. In the work there are bad expressions, spelling mistakes.

General conclusion and assessment of the work. The proposed work is of
practical importance and meets the requirements for qualification work.
Qualification work of Nouhaila NOUAMANE on the topic: “Phytochemical study
of Holy thistle flowers and leaves (Silyjpum marianum (L.) Gaertn)” can be
submitted for defense to the Examination Commission

Reviewer prof. Sergii KOLISNYK

«15» of May 2025
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3 IPOTOKOJIY 3acizaHHsa Kadeapu papmMakorsosii Ta HyTpuIioJIorii
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B.B., Hosocen O.M., ITonuk A.I., IIpoupska B.B., Pomanosa C.B.,
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Hopsinoxk neHHMi:
1. Ilomo gpomycky 3a00yBayiB  BMINOI  OCBITH /O  3aXHUCTY

kBamidikamiitHux po0iT y Ex3aMmenariitHiii KoMicii.

CIHIYXAJIN: npo mpeAcTaBieHHsS 10 3axucty B Ex3aMmenaniiiHiii komicii
kBamidikamiitHoi podotu Ha temy «Phytochemical study of Holy
thistle flowers and leaves (Silybum marianum (L.) Gaertn)»
3100yBauKM BHILOI OCBITH BUIYCKHOTO Kypcy ®m20(4,101) aHrmu-
03 rpynu Hyaman Hyxainu.

HayxoBuii kepiBHuk: noreHT Anapiii [IOTTUK.
Petiensent: 3aBimyBau kadeapu 3araabHoi Ximii, 1.hapM.H.,
npodecop Cepriit KOJIICHUK.

YXBAJIMJIMA: pekoMmeHayBaTd 10 3axucTy B Ek3aMmenariitHii  komicii
kBamidikaiiiiHy po6oTy 3a00yBauku BHIIOi ocBiTH ®M20(4,107)
anrn-03 rpynu Hyaman Hyxainu Ha temy «Phytochemical study of

Holy thistle flowers and leaves (Silybum marianum (L.) Gaertn)».

3aBigyBauka kadeapu hapMakorHosii

Ta HYyTPULI0JIOT1i, mpodecop Bikropis KUCJIIMYEHKO

Cexkpetap kadeapu, npodecop Hanis BYPIIA
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crneniaibHicTiO 226 Papmartist, mpomuciaoBa dhapmaitis
OCBITHBO-TIpO(eciitHoro mporpamoro Dapmairist
Ha Temy: «DiTOXiMiYHEe BUBUYCHHS KBITOK Ta JIMCTS po3roporniui mssmuctoi (Silybum marianum
(L.) Gaertn)».

Ksamigikariiina po6oTa i pereHsist 101at0ThCs.

JlexaH ¢akynbTery / Muxona ['OJIIK /

BucHoBoOK KepiBHMKa KBaJi(ikaniiHoI po6oTn

3no0yBauka Bumoi ocBiT Hyaman Hyxaina mosxe OyTu AomyIieHa 10 3aXUCTy AaHoi
kBamidikaiiiHoi podorn B Exk3amenariiinii komicii.

KepiBHuk kBanidikauiiHoi podoTu

Amngpiit TIOTIUK

«13» TpaBus 2025 p.

BucHoBok kadgenpu npo kpajiidikaniiiny podory

Kpamigikauiiiny poboTy posrisHyro. 3xo00yBauka Buiioi ocBith Hyaman Hyxaina
JIOTTYCKA€EThCS J10 3aXMCTy JIaHOi KBaiidikaiiifHoi podoTu B Ex3aMeHaniiiHii Komicii.

3aBingyBauka kadenpu
(apMakorHo3ii Ta HyTPULIIOJIOT1i Bikropis KNUCJIIMYEHKO

«16» TpaBHs 2025 poky
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