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Abstract

The article defines the features of the medicinal properties and pharmacological qualitative 
indicators of milk thistle.
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Milk thistle (Silybum marianum (L.) Gaertn.) is a medicinal plant belonging to the genus of the 
same name of the family Asteraceae or Compound flowers (Asteraceae Dumort.). The homeland 
of milk thistle is considered to be the territory of the Mediterranean Sea, but until now it has been 
cultivated and spread all over the world. Scientific evidence indicates more than two thousand years 
of history of the medicinal properties of milk thistle seeds. There are 2 species of this plant found all 
over the world, and 1 in Turkmenistan (Berdimuhamedov, 2010; Durdyyev, Danatarov, Akmyradov, 
2023; Никитин, Гельдиханов, 1988).

Milk thistle seeds are considered a unique source of biologically active compounds. Flavolignan 
compounds, organic and fatty acids, proteins and resins were found in their composition. The use of 
the plant in the treatment of diseases of the liver, spleen and gastrointestinal tract, as well as its use 
as a hepatoprotector for various poisoning and damage in medicine and the pharmaceutical industry 
depends on flavonolignan compounds in its composition (Росихин, 2018).

Depending on the ability to create genotype features and growing conditions, each plant contains 
from 10 to 50 fruits, each fruit contains 65-190 seeds, the weight of 1000 seeds is 20-30 g. One plant 
is able to produce about 6000 seeds with a germination rate of up to 94%. The plant considered 
moderately resistant to drought and cold, it can be grown in regions where the duration of the cold 
season does not exceed 150 days on average.  At temperatures below –10°C, the plant dies. The fruit 
is harvested from the end of August to the beginning of October. The average yield is 10-15 kg/ha 
(Росихин, 2018; Щекатихина, Гавриленко, Курченко, 2010; Ancuta Cristina Raclariu-Manolică et 
al., 2023).

According to scientific data, ripe milk thistle seeds contain about 7% water, 20-30% lipids, 
20-30% proteins, 0.038% tocopherol, 0.63% sterol and flavonolignan compounds (Ancuta Cristina 
Raclariu-Manolică et al., 2023).

The oil content in the seeds is on average 20-30%, they contain oleic acid (23-36.7%), linolein 
(39.7-54%), palmitin (7-10.2%), stearin (6.9%), arachidin (3.6%) and begenic acids (2.5%), including 
and residues of linolenic and eicosenic acids. Phospholipids, phytosterols and vitamin E were also 
found in the composition of the oil (Щекатихина, Гавриленко, Курченко, 2010).

The main responsible for the manifestation of the physiotherapeutic and pharmacological 
properties of milk thistle is a silymarin bioactive compound. This flavolignan compound is formed 
from the components of flavonoids such as: silicristine, silidianin, silybin and isosilybin. In terms 
of quantity, silybin is contained in 50-70% of the mixture and is the main constituent of silymarin, 
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followed by silicyrin, silidianin and isosibilin. The flavonoid part consists of taxifolin flavonone. 
They formed because of the free radical addition of taxifolin and coniferyl alcohol in a plant cell 
(Bijak, 2017; Gulden Dogan et al., 2022).

According to the results of long-term studies, it has been confirmed that silymarin dietary 
supplement obtained from milk thistle seeds does not cause any side effects, except for minor disorders 
of the gastrointestinal tract, and its very low overall toxicity has been revealed. Due to the high degree 
of safety and medicinal properties of milk thistle, in 1970 the World Health Organization approved the 
silymarin flavolignan complex of milk thistle as a medicinal product with hepatoprotective properties 
(Щекатихина, Гавриленко, Курченко, 2010).

According to the pharmacopoeias of Europe and the USA, the norm is the content of 1.5-2% 
silymarin in milk thistle fruits. Nevertheless, there is ample scientific evidence that the amount of 
silymarin in seeds may vary depending on the genotype and growing conditions of the plant. According 
to some data, its number reaches up to 0.62-2.25%, 2-4%, and sometimes 4.2-6%. According to 
research conducted in our country, there is scientific data with indicators of 4.09% when extracting 
plant seeds with acetone (Durdyyev, Danatarov, Akmyradov, 2023).

Due to the increased demand for silymarin-based hepatoprotectors, pharmaceutical companies 
need to produce medicinal preparations from milk thistle seed extracts. It is very important in our 
country to work out the quality indicators of the raw materials used to obtain extracts from local 
medicinal plants.

Purpose of the work. Determination of the qualitative parameters of milk thistle seeds by 
pharmacognostic studies. Milk thistle seeds were brought from the Sumbar gorge of Makhtumkuli 
district of the Balkan Region for research.

Used devices: shredder, analytical scales, drying cabinet, muffle furnace, Soxlet apparatus, 
magnetic stirrer, rotary evaporator, vacuum filter, separator, light microscope, spectrometer, liquid 
chromatograph.

Microscopic examination. The study of milk thistle seeds was carried out using a Carl Zeiss 
Imager M2 microscope (Figure 1). The images were processed using ZenLite software.

Figure 1. Appearance and cross-sectional view of milk thistle seeds (x 100)

Humidity. The moisture content of the raw materials was investigated according to the 
methodology of the RF-XIII state pharmacopoeia (Meghreji. Moin. et al., 2010; Государственная 
Фармакопея РФ, 2015). In short, 2 samples of crushed raw materials with an exact weight of 3 g are 
placed in porcelain crucibles and dried in a drying cabinet at a temperature of 105°C for three hours. 

T. Durdyyev, A. Akmyradov Determınatıon of the phytochemıcal composıtıon and qualıty ındıcators of mılk thıstle seeds 
ın an ınnovatıve way



49

Then they are cooled in a desiccator and, upon reaching a constant mass, the samples are weighed. 
The moisture content of the raw material is calculated by the formula:

X =
−( ) ( )M M

M

1 100*
% .

Where M – mass of the raw material before drying; M1 – mass of the raw material after drying.
Common ash. The determination of total ash was carried out according to the methodology of 

the state pharmacopoeia RF-XIII (Государственная Фармакопея РФ, 2015). Dried and crushed milk 
thistle seeds in an amount of exactly 3 g are evenly distributed along the bottom of a pre-prepared 
crucible. The test samples are carefully heated at a temperature of 100-105°C for one hour, then 
the remains of the samples are burned at a temperature of 550-650°C. The crucible is cooled in a 
desiccator, then weighed. The total ash as a percentage of milk thistle seeds is calculated using the 
formula:

X m
m

=
×1
2

100
.

Where m1 – mass of ash, g, m2 – mass of raw materials, g.
The ash is insoluble in hydrochloric acid. The determination of ash insoluble in hydrochloric acid 

was carried out according to the methodology of the RF-XIII state pharmacopoeia (Государственная 
Фармакопея РФ, 2015). In short, 15 ml of water and 10 ml of hydrochloric acid are added to the 
crucible containing the residue after determining the total ash, the solution is covered with a watch 
glass, gently boiled for 10 minutes and cooled. Filtered through a decontaminated filter, the filter is 
rinsed with hot water until the filtrate becomes neutral, then the filter is dried and burned at a low red-
hot temperature, after which it is cooled in a desiccator and weighed. The percentage of insoluble ash 
in 10% HCL in dry raw materials is calculated by the formula:

X
m m
m W

=
−( )× ×

−( )
1

2

100 100

100
.

Where m1 – total ash weight, g; m2 – weight of raw materials, g; m – filter ash weight, g; W – loss 
in weight of raw materials during drying, %.

Thin-layer chromatography. About 1.0 g of crushed raw materials with a particle size passing 
through a sieve with holes with a diameter of 1 mm are placed in a 50 ml flask and 10 ml of 96% 
alcohol is poured, then boiled moderately in a water bath for 30 minutes. The resulting sample is 
cooled and filtered through a paper filter (experimental solution). Next, 10 µl of the experimental 
solution is dripped onto the silica gel layer of the chromatograph plate and 20 µl of the standard 
sample of silybin solution is dripped next to it. The plate is dried in the air. Then it is placed in 
a chromatograph chamber with a solution of 4-chlorine carbon-acetonitrile in a ratio of 6:4. After 
passing the solvent flow through a plate measuring 20x20 cm, the samples are removed from the 
chamber, dried until traces of solvents completely disappear and observed in the wavelength range of 
254 nm at UV. The chromatogram is processed with a freshly prepared diazo reactive and kept in a 
drying cabinet at a temperature of 105°C within 5 minutes. In the chromatogram of the test solution, 
the absorption zone was determined at the level of the sallying absorption zone.

Extractive substances. The determination of the amount of extractive substances of raw materials 
is carried out according to the methodology of the state pharmacopoeia RF-XIII (Государственная 
Фармакопея РФ, 2015). In short, exactly 1.0 g of crushed raw materials is placed in a conical flask 
with a volume of 250 ml and 50 ml of 80% alcohol is boiled for two hours. Filtered through a 
paper filter into a 200 ml flask, after which 25 ml of the filtrate is poured into a porcelain stand and 
evaporated in a water bath. Then the stand is dried in a drying cabinet at a temperature of 105°С to a 
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constant weight, cooled and weighed. 2 parallel studies are being conducted. The amount of extractive 
substances as a percentage is calculated by converting into unchanged raw materials according to the 
formula:

X m
m W

=
× ×
× −( )
200 100

1001

.

Where m is the mass of the dry residue, g, m1 is the mass of the raw material, g, W is the loss in 
mass of the raw material during drying, %.

The amount of seed oil. The determination of the fat-and-oil composition of milk thistle seeds 
was carried out by the Soxlet extraction method. Milk thistle seeds are crushed in a shredder, 5.0 g 
of a sample with a particle size passing through a sieve with holes with a diameter of 1 mm is placed 
in a paper bag. Then it is placed in a Soxlet extractor and 200 ml of petroleum ether is poured into it. 
Extraction is carried out in a flask heater at a temperature of about 80°C for 12 hours. Then the bag is 
taken out and after complete weathering of the ether, it is dried in a drying cabinet at a temperature of 
80°C for 2 hours. Next, the sample is cooled and weighed on an analytical scale. The percentage of 
fatty oil (A) in the unchanged dry residue of the raw material is calculated by the formula:

X
a a
a W

=
−( )× ×
× −( )

1 2 100 100

100

where a is the mass of the raw material before extraction, g; a1 is the mass of the raw material together 
with the bag before extraction, g; a 2 is the mass of the raw material together with the bag after 
extraction, g; W is the moisture content of the raw material, %.

Determination of the amount of flavonolignans. The determination of the amount of 
flavonolignans in the composition of raw materials is carried out according to the methodology of the 
state pharmacopoeia RF-XIII (Государственная Фармакопея РФ, 2015).

A solution of the standard sample of silybin. In a 100 ml flask of about 0.02 g. (exact weight), 
sallying is dissolved in 80 ml of 96% alcohol, heated in a water bath at a temperature of 70-80°C. 
After cooling, the solution is topped up with 96% alcohol and mixed (silybin A solution).

Milk thistle seeds are crushed in a grinder and exactly 1.0 g of raw materials with a particle size 
passing through a sieve with holes with a diameter of 1 mm are placed in a flask with a 250 ml slot and 
50 ml of 96% alcohol is added. The sample flask is heated in a water bath for 30 minutes. The sample 
in the flask is then cooled to room temperature and filtered through a paper filter into a 200 ml flask. 
The extraction is repeated three times. After cooling of the filtrate, the volume of the solution in the 
flask is supplemented to the mark and mixed (solution A). 1 ml of solution A - placed in a 25 ml flask; 
the volume supplemented to the mark with 96% alcohol solution and mixed (solution B).

The optical density of experimental solution B is measured on a UV spectrometer in the 
wavelength range of 289 nm in a cuvette with a layer thickness of 10 mm (Figure 2). 96% alcohol 
was used as a comparison solution. The content of the sum of flavolignans in terms of silybin as a 
percentage in unchanged dry raw materials is calculated by the formula:

X A a P
A a W

=
× × × × × × ×
× × × × × −( )×

0

0

25 200 1 100 100

25 1 100 100 100
.

Where A – B is the optical density of the test sample; A0 is the optical density of the standard 
sample of silybin, a is the mass of the raw material, g; ao is the mass of the standard sample of silybin, 
g; P – amount of the basic substance in the standard sample of silybin, %; W – moisture content of 
the raw material, %.
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Figure 2. The ultraviolet spectrum of silymarin in milk thistle seed

The data obtained from the results of studies to determine the quality indicators of milk thistle 
seeds are shown in the table.

Table

Qualitative indicators of milk thistle seeds

Indicators Quantity, % Pharmacopoeia Standards
Humidity 4.9 not more than 12 %
Total ash 5.5 no more than 6 %
Insoluble ash in 10% hydrochloric acid 3.8 no more than 4 %
Seed Oil 20.12 at least 15 %
The total number of flavolignans 3.2 at least 2.4 %

Thus, the phytochemical composition and quality indicators of milk thistle seeds have proven 
compliance with State Pharmacopoeia standards.

CONCLUSION

1. According to the analysis of the literature data, an increased polymorphism was found in the 
shells of milk thistle seeds, as well as a change in their color from light brown to brown and black.

2. Microscopic examination of the longitudinal and transverse sections of the milk thistle 
achene shows cotyledons surrounded by a thick layer of densely fused sclereids, noticeable by their 
natural yellow color. The pericarp on the cross section consists of layers: the cuticle covering, an 
inhomogeneous epidermal layer, which from the base of the achene is represented by small thick-
walled weakly porous cells. There are no stomata in the epidermis.

3. Directly behind the epidermis there is a pigment layer in a row of thin-walled, loose cells 
with brown contents. Behind it is a layer of fibrous mesocarp cells from 1 to 10 rows. Further behind 
the layer of fibrous cells is the seed peel, represented by a thick layer of elongated sclereids with 
thickened walls. 
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4. Behind the sclereid layer in the shell of the achene is the fetal parenchyma, represented by the 
dilapidated remaining cells. The peel is fused with the parenchyma of the inner part of the fetus and 
consists of several rows of decayed cells of the parenchyma of the seed peel, as well as the endosperm 
residue soldered to it, represented by one row of large cells filled with aleuronat grains.
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