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ABSTRACT

Background. Extracts of milk thistle, particularly from seeds, are used as a valuable source of natural anti-
oxidants in different industries, for example pharmaceutical and cosmetic. The leaves and flowers are also
known to be a source of biologically active compounds, as well as those with an antioxidant capacity. The
selection of the extraction parameters, such as type and concentration of extractant, and extraction time, have
an impact on the antioxidant capacity of the obtained extracts. The aim of this study was to evaluate the anti-
oxidant activities of extracts obtained using different parts of raw material. The impact of different parameters
of extraction on antioxidant capacity was also assessed.

Materials and methods. The seeds, flowers and leaves were extracted using a Soxhlet apparatus, ultrasound
and shaking. 96% (v/v) and 70% (v/v) ethanol, concentrated methanol, acetone and petroleum ether were
applied as solvents. The impact of the extraction time was also evaluated. The extracts were evaluated using
DPPH, ABTS, FRAP and Folin-Ciocalteu techniques.

Results. The obtained extracts, except for the samples in petroleum ether, showed the antioxidant capacity.
Soxhlet extraction, especially that which uses ethanol, methanol and acetone, seems to be a valuable extrac-
tion method.

Conclusion. To sum up, many factors could affect the antioxidant capacity and the total polyphenol content
of Silybum marianum L. extracts. The solvent and an appropriately selected extraction method seem to be
important factors in the effective isolation of active substances and could lead to the more effective applica-
tion of this valuable plant material in different industries.
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INTRODUCTION

Milk thistle (Silybum marianum L.) is a plant be-
longing to the Asteraceae family. This plant is rich
in phenolics, including flavonolignans (silibinin,
isosilybin, silydianin and silychristin) and taxifolin.
These compounds are of pharmacological importance
due to their hepatoprotective properties (Skottové et
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al., 2004). The antioxidant capacity of milk thistle
has been confirmed by many authors, however, most
studies have only been based on the evaluation of its
fruits extracts (Chambers et al., 2017; Lucini et al.,
2016; Malinowska, 2017). Extracts of various parts
of the plant, such as the leaf and the flower, also show
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radical scavenging abilities, but their application as
therapeutics is rather limited (Ahmad et al., 2012; An-
drzejewska et al., 2015). The antioxidant capacity of
raw material may depend on the chemical structure
of biologically active compounds in plants, as well as
on the scheme of extract preparation, i.e. the method
of extraction including applied extractants (Pawlak
and Sielicka, 2016; Rababah et al., 2010; Wang and
Weller, 2006). The chemical composition and polarity
of the solvent are important factors in a determination
of the antioxidant capacity because they can affect
the mechanism of single electron (SET) or hydrogen
atom transfer (HAT) (Pawlak and Sielicka, 2016). In
the methods of the SET mechanism, the working solu-
tion consisted of oxidant color changes during the re-
duction initiated by the addition of antioxidants. The
method of determining the oxygen radical absorbance
capacity is based on the HAT mechanism (Cybul and
Nowak, 2008). The extraction of raw material can be
carried out using both classic and recently developed
methods (Wang and Weller, 2006). The Soxhlet ex-
traction is a standard technique used for decades and
is frequently applied as a reference to assess the ef-
fectiveness of other methods. It is considered to be
efficient, however, its disadvantages are its relatively
large solvent consumption and rather long extraction
time (Wang and Weller, 2006). Another method to ob-
tain valuable plant extracts is continuous mixing of
the raw material with a solvent, for example using
a magnetic stirrer. This procedure allows the entire
content of the vessel to be mixed to increase the con-
tact area to break the mechanical barrier, i.e. the cell
wall, and then to isolate the active substances (Kumar
et al., 2017). Another, relatively modern method to
obtain plant extracts, classified as the so-called green
extraction technique, is ultrasound-assisted extrac-
tion. Due to its economical, ecological and efficiency
characteristics, it is often used in the cosmetic and
pharmaceutical industries to obtain valuable plant
extracts. The extracts are obtained faster (Chemat et
al., 2012; Drouet et al., 2019) and the method is con-
sidered to be less polluting due to the saving of sol-
vents and energy (Wang et al., 2008). The aim of this
study was to evaluate the antioxidant capacity of ex-
tracts of different parts of milk thistle obtained with
different extraction methods and solvents applied
as extractants.
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MATERIALS AND METHODS

Reagents

2,4,6-tripyridyl-s-triazine (TPTZ), 2,2-diphenyl-1-pic-
rylhydrazyl (DPPH) and 2,2-azino-bis(3-ethylbenzo-
-thiazoline-6-sulphonic acid) (ABTS) were purchased
from Sigma-Aldrich, USA; iron(III) chloride hexahy-
drate, Folin-Ciocalteu phenol reagent — from Merck,
Darmstadt, Germany; 99.5% acetic acid, sodium ace-
tate anhydrous, potassium persulfate, 36% hydrochlo-
ric acid, sodium carbonate anhydrous, ascorbic acid
and applied solvents, i.e. ethanol, methanol, acetone
and petroleum ether, were from Chempur, Piekary
Slaskie, Poland. All reagents were of analytical grade.

Plant material

The raw material consisted of the fresh leaves, flowers
and seeds of milk thistle, which were harvested from
July to September in 2015 from a natural state, i.e. an
agricultural wasteland near the city (53°40°39.6”N,
14°49°44.2”E). The plants were collected during the
flowering and fructification periods.

The raw material was identified by the first author
(doctor of agricultural sciences, specialist in plant
physiology). The harvested material was dried at room
temperature until it was a constant weight.

Sample preparation

The dry material was extracted using three methods:
ultrasound-assisted extraction at a frequency of 40
kHz for 15, 30 or 60 min with a temperature set be-
tween 30-35°C (ultrasound bath — Sonic-2, Polsonic
Palczynski); extraction in a Soxhlet apparatus of five
full cycles; and being shaken on a reciprocating plat-
form (Chem-Land SK-0330-PRO) for 240 min at 500
rpm. Ethanol (96% and 70% (v/v)), methanol, acetone
and petroleum ether were applied as extractants. The
5% (w/v) extracts of the plants in each of the above-
mentioned solvents were prepared and stored at +4°C
until analysis. Three individual samples were made
from each extract.

Determination of DPPH, ABTS, FRAP

and total polyphenol content

To evaluate the antioxidant capacity, the DPPH, FRAP
and ABTS methods were applied, whereas the total
polyphenol content was measured using the Folin-
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-Ciocalteu technique. The antioxidant capacity of
the extract was evaluated using the DPPH method as
previously described (Nowak et al., 2017; Zielonka-
-Brzezicka et al., 2018). In this method, an aliquot of
150 pl of the tested extract was mixed with 2850 pl
of properly diluted DPPH solution in 96% (v/v) etha-
nol (absorbance of the working solution at 517 nm
in 1 cm cuvettes was 1.00 £0.02). After 10 min in-
cubation at room temperature, the absorbance was
measured in 1 cm glass cuvettes at a wavelength of
517 nm using a Hitachi U-5100 spectrophotometer.
The activity of scavenging ABTS radicals was evalu-
ated according to the previously described procedure
(Nowak et al., 2018). In this method, a stock solu-
tion was prepared by dissolving 7 mM 2,2-azino-bis-
(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) in
2.45 mM potassium persulfate aqueous solution, fol-
lowed by incubation in the dark at room temperature
for 24 hours. To get the working solution, the stock
solution was diluted with 50% (v/v) methanol to ob-
tain an absorbance of 1.00 +£0.02 at 734 nm. 25 ul
of the examined extract was added to 2500 pl of the
working solution, thoroughly mixed and, after 6 min
incubation at room temperature, the absorbance was
measured at 734 nm. The ferric ion reducing power
(FRAP) was determined as previously described
(Florkowska et al., 2018). The working solution was
prepared by mixing 1 volume of 10 mM TPTZ (in 40
mM HCI), 1 volume of 20 mM FeCl, and 10 volumes
of acetate buffer (pH 3.6). 2320 ul of working solu-
tion was mixed with 80 pl of extract. The absorbance
of the extracts was measured at a wavelength of 593
nm. The total polyphenol content (TPC) was deter-
mined as described previously (Nowak et al., 2017).
In this method, to 150 pl of the extract, 150 pl of ten-
fold diluted Folin-Ciocalteu reagent, 1350 ul 0.01 M
sodium carbonate solution and 1350 pl of water were
added and thoroughly mixed. The absorbance was
measured at 750 nm.

For the DPPH, ABTS and FRAP methods, ascor-
bic acid was used as a reference, and the activity was
expressed as VCEAC (vitamin C equivalent antioxi-
dant capacity) in mg of vitamin C/g of raw material.
For the Folin-Ciocalteu method, gallic acid was ap-
plied as a reference and the results were expressed as
gallic acid equivalents (GAE) in mg gallic acid/g raw
material.
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Statistical analysis

The results are presented as arithmetic means +stand-
ard deviations (SD). The statistical analysis of the
results was carried out using a one-way analysis of
ANOVA, with the significance level p < 0.05. Differ-
ences between the used solvents were determined by
Tukey’s test (n = 3). The significance of differences
between the extraction methods was evaluated with
the Wilcoxon test (o < 0.05). Pearson’s linear correla-
tion between the results obtained by individual meth-
ods was also determined. All calculations were done
using Statistica 12PL software (StatSoft).

RESULTS

Tables 1-3 present the mean (£SD) antioxidant capac-
ity of the extracts of milk thistle leaves, flowers and
seeds evaluated using three methods: DPPH, FRAP
and ABTS, while the total polyphenol content was
evaluated using the Folin-Ciocalteu technique.

The antioxidant activity of the leaf extracts evaluat-
ed using the DPPH method was higher for the samples
obtained by Soxhlet extraction in 70% (v/v) ethanol
than for the extracts in 96% (v/v) ethanol, methanol
and acetone. Also, high levels of activity were found
for the extracts prepared in 96% (v/v) ethanol using
ultrasounds for 60 min. The extracts of Silybium ma-
rianum leaves showed high ferric ion reducing power
when assessed with the FRAP method. In this case, the
highest results were found for the extracts prepared by
Soxhlet extraction in 70% ethanol. The highest anti-
oxidant capacity of leaf extracts evaluated using the
ABTS method were found for the extracts in 70%
ethanol prepared using a Soxhlet apparatus — Table 1.
Similarly, the highest polyphenol content was ob-
served for leaf extracts in 70% (v/v) ethanol obtained
by Soxhlet extraction (Table 1).

The mean (+SD) antioxidant capacity of the milk
thistle flower extracts are summarized in Table 2. The
highest activity obtained using the DPPH and FRAP
methods, was found for extracts prepared in acetone,
methanol and 96% ethanol, using one-hour ultrasound-
assisted extraction. In the case of the FRAP method,
the highest antioxidant capacity of flowers was also
found for their acetonic extract after a one-hour ap-
plication of ultrasound. The antioxidant capacity of
the flower extracts measured using the ABTS method,
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Table 1. Antioxidant capacity of milk thistle leaf extracts (mean =SD)

VCEAC (vitamin C equivalent antioxidant capacity)

Extraction time mg of vitamin C/g of raw material

Solvent

GA
mg of gallic acid/g
of raw material

min
DPPH FRAP ABTS F-C
Soxhlet extraction
96% (v/v) ethanol - 1.84£0.27 b 85.48 +0.39 b 9.76 £0.20 b 1.89+0.142 b
70% (v/v) ethanol - 2.62+0.02 a 127.52+£0.49 a 10.37 £0.20 a 4.14 £0.08 a
Methanol - 1.70 £0.16 b 80.06 £0.40 ¢ 443 +0.15¢ 1.72£0.109 b
Acetone - 1.32+0.39b f 64.83 £0.39d 1.43+0.19d 0.95+0.075 ¢
Petroleum ether - n.a. 6.18 £0.27 ¢ n.a. n.a.
Shaking
96% (v/v) ethanol 240 0.77 £0.06 b 71.68 +0.53 b 3.39+0.29b 2.20+0.02 a
70% (v/v) ethanol 240 0.16 £0.02 ¢ 43.51+0.40 ¢ 422+0.19a 0.94+0.10 ¢
Methanol 240 0.81+0.05¢ 83.38 +0.53 ¢ 4.21+034a 2.22+045a
Acetone 240 1.07 +0.03 a 7428 £0.27 a 4.64+020a 1.76 £0.02 b
Petroleum ether 240 n.a. 6.86+0.32d n.a. n.a.
Ultrasound-assisted extraction
96% (v/v) ethanol 15 0.57 +£0.06 ab 26.33 £0.39 ee 1.66 £0.34 ¢ 0.61 £0.02 cd
30 0.42 +0.03 be 22.51+0.38 ef 1.80 £0.26 ef 0.59 +0.09 cd
60 1.34+0.01 a 56.21+0.27b 3.49+0.23 ¢ 1.75+0.04 a
70% (v/v) ethanol 15 0.11+0.00d 18.20+0.39 2.43 +£0.15 de 0.54 £0.02 de
30 0.32 +0.02 cd 31.32+0.38d 2.54+0.11d 0.58 £0.02 de
60 0.92 +0.04 ab 60.70 £0.33 a 422 +0.19 ab 1.68 £0.103 a
Methanol 15 0.60 +0.03 bc 48.75 +0.48 be 3.83 +0.63 be 1.25+0.10 b
30 0.79 +£0.4 ab 50.00 +£0.53 be 457+0.13 a 1.25+0.76 b
60 0.97 +£0.01 a 69.36 £0.61 a 4.67+0.13 a 1.82+0.87 a
Acetone 15 0.60+0.09 a 44.1540.73 a 1.14+0.23 f 0.76 £0.57 ¢
30 0.44 +0.06 bc 42.30 +0.27 be 1.18+0.18 f 0.67 +0.78 cd
60 0.85+0.09 be 65.83 +0.38 a 3.51+0.19 bc 1.36 £0.11 cd
Petroleum ether 15 n.a 3.18+0.43 1 n.a. n.a
30 n.a 10.21+031 g n.a. n.a
60 n.a 7.21£1.24h n.a. n.a

The values marked with different letters differ significantly between the used solvents (p < 0.05, n = 3).

n.a. — no antioxidant capacity.
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Table 2. Antioxidant capacity of milk thistle flower extracts (mean £SD)

Extraction fime VCEAC (vitamig C eguivalent antioxidar_lt capacity) mg of ggﬁc acid/g
Solvent o mg of vitamin C/g of raw material of raw material
DPPH FRAP ABTS F-C
Soxhlet extraction
96% (v/v) ethanol - 2.09+0.03 b 147.70 £0.43 a 14.1740.23 a 2.84+043a
70% (v/v) ethanol - 2.27 +£0.14 ab 97.39+0.43 ¢ 11.16 £0.26 ¢ 2.39+0.04 b
Methanol - 2.34+0.05a 110.62 £0.32 b 12.48 +0.10 b 2.20+0.10 ¢
Acetone - 1.21+0.01 ¢ 94.39+0.59d 10.88 £0.20 d 1.52+0.10d
Petroleum ether - n.a. 7.28 £0.37 ¢ 2.25+40.14 ¢ n.a.
Shaking
96% (v/v) ethanol 240 2.28 +0.08 a 80.99 £0.32 b 3.53+0.28 ¢ 0.85+0.08 ¢
70% (v/v) ethanol 240 0.23 +£0.00 ¢ 1534 +031 ¢ 2.00+0.16d 0.50 +0.04 d
Methanol 240 2.31+0.05a 82.56 +0.31 b 4.67+0.27b 1.23 +0.09 b
Acetone 240 1.68 £0.05 b 92.29+0.38 a 529+030a 1.45 +0.06 a
Petroleum ether 240 n.a. 7.00+0.27 d n.a. n.a.
Ultrasound-assisted extraction
96% (v/v) ethanol 15 1.82+0.02 ¢ 71.50+0.45d 7.27+0.18 ¢ 1.14 +0.05d
30 1.12+0.00 d 45334034 ¢ 8.35+0.33 b 0.65+0.04 f
60 2.71 £0.06 a 110.15+0.43 b 8.67+0.20 b 225+0.11b
70% (v/v) ethanol 15 0.15+0.01 f 16.52+0.22 h 0.61 +0.21 h 0.54+0.02 g
30 0.47+0.01 ¢ 27.54+0.5 f 0.75+0.11 h 0.76 £0.01 e
60 0.41+0.03 ¢ 23.62+4043 g 1.07+0.12 g 0.99 £0.03 de
Methanol 15 2.15+0.11¢ 72.68 £0.34 d 3.86+0.18 f 1.57+£0.03 ¢
30 2.14+0.01 b 78.31 +£0.39 4.18+0.16 ¢ 1.51+£0.10 ¢
60 2.75+0.10b 105.27 £0.43 d 7.20+0.24 ¢ 2.28+0.11b
Acetone 15 1.93+0.04 a 99.03 +0.33 b 524+0.26d 1.65+0.08 ¢
30 1.86 £0.08 c 94.07 £0.54 ¢ 5.41+0.11d 1.57 +0.14 ¢
60 2.77+0.13 a 177.44 £0.63 a 9.49 +0.16 a 3.48+0.01 a
Petroleum ether 15 n.a. 4.19+0.60 1 n.a. n.a
30 n.a. 4.93+£0.391 n.a. n.a
60 n.a. 6.68 +£0.40 i n.a. n.a

The values marked with different letters differ significantly between the used solvents (p < 0.05, n = 3).

n.a. — no antioxidant capacity.
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Table 3. Antioxidant capacity of milk thistle seed extracts (mean =SD)

Extraction time

Solvent

VCEAC (vitamin C equivalent antioxidant capacity)
mg of vitamin C/g of raw material

GA

mg of gallic acid/g

of raw material

min
DPPH FRAP ABTS F-C
Soxhlet extraction
96% (v/v) ethanol - 0.85+0.02 ¢ 149.02 £0.39 b 17.13+£0.15b 438+023a
70% (v/v) ethanol - 2.04+0.14 a 195.59 +£6.28 a 18.70 £0.17 a 4.75+0.08 a
Methanol - 1.20+£0.07 b 143.39 £0.38 b 15.01 £0.38 ¢ 3.54+0.03 b
Acetone - 0.26 +0.05 d 91.33 £0.27d 8.34+0.18d 2.67+0.09 ¢
Petroleum ether - n.a. 12.45+0.45d 0.58 £0.20 e n.a.
Shaking
96% (v/v) ethanol 240 - 58.52+0.39 b 3.12+0.15¢ 2.80+0.11 ¢
70% (v/v) ethanol 240 0.94+0.05 a 99.35+1.56 a 13.14+022 a 2.98+0.103 b
Methanol 240 0.42 +£0.03 b 92.43 +£0.49 a 10.83 £0.21b 2.78 +0.076 b
Acetone 240 0.07 £0.01 ¢ 101.77 £0.54 a 1.33+£0.07d 3.134+0.26 a
Petroleum ether 240 n.a. 10.24 +0.48 ¢ n.a. n.a.
Ultrasound-assisted extraction
96% (v/v) ethanol 15 n.a 30.35+0.40 g 3.67 £0.08 cd 1.01 +0.13 g
30 n.a 38.73 £0.60 f 5.1040.11 ¢ 1.44+0.05h
60 n.a 55.35+0.65d 5.60+0.17 d 2.50+0.10d
70% (v/v) ethanol 15 0.14 £0.03 ¢ 4797 +£0.65 ¢ 3.49+0.18d 1.11+0.45 g
30 0.30+0.03 b 62.67 £2.69 ¢ 5.45+0.26 be 2.64 +£0.08 d
60 0.74+0.03 a 86.73 £0.27 a 7.744+0.21 a 3.71 £0.06 b
Methanol 15 0.08 £0.04 d 51.43+£0.54d 3.1740.19 ¢ 1.76 £0.13 ¢
30 0.35+0.05b 78.78 £0.22 b 5.35+0.18 be 2.65+0.08d
60 0.20 +0.08 bc 89.58 +£0.40 a 581+021e¢ 3.17+0.11 ¢
Acetone 15 0.15+0.09 ¢ 65.16+0.91 ¢ 1.07+0.21 h 2.70+0.103 d
30 0.18 £0.09 be 80.99+0.21 b 223+0.12 ¢ 3.18£0.09 ¢
60 0.19 +£0.12 be 88.97 +0.55 a 2.74 +0.18 f 3.2840.15a
Petroleum ether 15 n.a 11.67 £0.49 i n.a. n.a
30 n.a 15.16 £0.65 h n.a. n.a
60 n.a 15.31+0.21 h n.a. n.a

The values marked with different letters differ significantly between the used solvents (p < 0.05, n = 3).

n.a. — no antioxidant capacity.
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was the highest for the samples prepared by Soxhlet
extraction in 96% ethanol, methanol, 70% cthanol and
acetone. The highest polyphenol content in the flower
extracts was observed for the extracts in acetone pre-
pared using one-hour ultrasound-assisted extraction
(Table 2).

The antioxidant capacity of milk thistle seeds
evaluated using the DPPH technique, was the high-
est for extracts prepared in 70% ethanol and methanol
by Soxhlet extraction. The antioxidant capacity of the
extracts prepared using other extraction methods was
lower, below 1.00 VCEAC, while that of the seed ex-
tract obtained by shaking and using ultrasound-assist-
ed extraction in concentrated ethanol and petroleum
ether was negligible. The highest total polyphenol

content in the seed extracts was observed for the ex-
tracts in 70% (v/v) ethanol obtained by Soxhlet extrac-
tion (Table 3).

The Pearson correlation coefficients between the
capacity of the extracts of all parts of the milk thistle
obtained using different applied methods are presented
in Table 4. In most cases, highly significant relation-
ships were found between the antioxidant capacities
determined using different methods (Table 4).

Statistical analysis of the differences between the
antioxidant capacities of the extracts obtained using
the studied extraction methods is presented in Table 5.
In most cases, statistically significant differences were
found between the Soxhlet and two other extraction
methods applied (Table 5).

Table 4. Correlation coefficients between the activities determined with the applied methods

Leaves Flowers Seeds
r p p r p
DPPH/FRAP 0.874 p <0.0001 0.837 p <0.0001 0.862 p <0.0001
DPPH/ABTS 0.758 »<0.001 0.578 p<0.01 0.885 »<0.0001
DPPH/F-C 0.578 p<0.05 0.160 NS 0.604 p<0.05
FRAP/ABTS 0.779 »<0.0001 0.767 »<0.0001 0.680 p <0.0001
FRAP/F-C 0.419 p<0.05 0.176 NS 0.583 »<0.001
ABTS/F-C 0.731 p<0.001 0.743 »<0.001 0.569 p<0.05

r — correlation coefficient, p — probability value.
NS — not statistically significant (p > 0.05).

Table 5. Differences of antioxidant capacity between Soxhlet and two other extraction methods evaluated

using the Wilcoxon test

Soxhlet vs. ultrasound assisted

Method of antioxidant

Soxhlet vs. shaking

extraction
capacity determination
z p z p
DPPH 1.647 p=0.099 (NS) 2431 p=0.015
ABTS 2.745 p=0.006 2.902 p=0.003
FRAP 2.196 p=0.028 2.353 p=0.018
Folin-Ciocalteu 0.862 p=0.388 (NS) 0.356 p=0.721 (NS)

NS — non-significant differences.
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DISCUSSION

Silybum marianum L. is a plant with a known anti-
oxidant capacity used as an anti-inflammatory and
hepatoprotective agent (Chambers et al., 2017; Shaker
etal., 2010). In our study, all the extracts of the studied
parts of the milk thistle showed an antioxidant capac-
ity, however, this parameter depended on the solvent
and the extraction method applied as well as the part
of the plant used. In the case of the DPPH method,
the radical scavenging activity was usually higher in
the flowers than in the leaves and seeds. Ahmad et al.
(2012) also observed a higher antioxidant capacity for
milk thistle flower extracts compared to leaves when
evaluated with the DPPH method. Milk thistle seeds
are known to be a source of antioxidants (Harrabi et
al., 2018; Lucini et al., 2016). In our study, the anti-
oxidant capacity of this raw material, measured using
the DPPH method, was the highest for extracts in 70%
ethanol obtained by Soxhlet extraction. Harrabi et al.
(2018) also reported a high antioxidant capacity in
milk thistle seed oil measured using the DPPH method.
The authors stated that the antioxidant capacity of this
plant depended on the maturity of the raw material,
where the highest level was observed in the immature
seeds, then the intermediate ones, while the lowest was
observed in those with full maturity. Polyphenols are
plant components of high antioxidant capacity (Klens-
porf-Pawlik and Przybylski, 2015) and could play an
important role in hepatoprotective activity (Madani et
al., 2008). In addition, the concentration of polyphe-
nols can highly correlate with the antioxidant capacity,
as demonstrated in Silybum marianum fruits and seeds
(Lucini et al., 2016; Malinowska, 2017). In our study,
in most cases, highly significant relationships were
found between the antioxidant capacity determined
using different methods. No correlation between
DPPH and F-C or between FRAP and F-C methods for
flower extracts may be due to the different antioxidant
compositions of this plant part, other than polyphe-
nols. The DPPH and FRAP methods are used for total
antioxidant potential analysis whereas the F-C method
is based on polyphenol antioxidants. In our study, the
total polyphenol content differed in the individual ex-
tracts, which might depend, among other things, on
the extraction solvent. The highest concentrations
were observed in seeds extracted in acetone using
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a shaker. The extraction method, the used solvent and
its polarity in particular, can affect the effectiveness of
the extraction of active substances from plants and, as
a consequence, their antioxidant capacity (Drouet et
al., 2019; Gawlik-Dziki and Kowalczyk, 2007; Mo-
rales et al., 2020; Wianowska and Wisniewska, 2015).
This observation was confirmed by Pawlak and Sie-
licka (2016). They suggested that the differences in
antioxidant capacity of extracts prepared using vari-
ous extractants are related to their different polarities.
These authors found higher contents of phenolic com-
pounds in chokeberry extracts in diluted solvents than
in concentrated ones. The most effective extractant in
their study was an acetone:water mixture (50:50, v/v).
According to Wianowska and Wisniewska (2015), ac-
etone used to extract silymarin from seeds by Soxhlet
extraction was more effective than methanol and ethyl
acetate. They highlighted that a significant content of
lipids in seeds could be an obstacle to extraction of
some active substances. In the present study, a high
antioxidant capacity was found in extracts prepared in
all the solvents used, except for the extracts in non-
polar petroleum ether, which had a negligible antioxi-
dant capacity. Gawlik-Dziki and Kowalczyk (2007)
reported a high content of phenolic compounds in
wheat germ extracts in 50% methanol. A higher total
polyphenol content in oregano and thyme extracts pre-
pared in undiluted methanol, compared to 70% etha-
nol and water, was found by Rababah et al. (2010). In
their study, extraction was performed at two different
temperatures (20°C and 60°C). The higher tempera-
ture was more effective for all the solvents used. The
other factor which could affect antioxidant capacity is
the extraction method. In our study, Soxhlet extraction
was found to be the most optimal method in the ma-
jority of cases. Such extracts showed a higher antioxi-
dant capacity and total polyphenol content compared
to those obtained using other techniques. High results
were also observed in some samples prepared by ul-
trasound assisted extraction, however, a longer extrac-
tion time had to be applied and optimization of this
parameter seems to be of importance. In our study, the
length of the ultrasound-assisted extraction was 15, 30
or 60 min. The highest antioxidant capacity was usu-
ally found in a long-lasting process (60 min). Howev-
er, Drouet et al. (2019) stated that the most favorable
extraction time for isolation of active substances from
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milk thistle is 45 min, while a longer extraction could
lead to degradation of active substances in the raw
material. According to Wianowska and Wisniewski
(2015), the content of silymarin in the milk thistle
seeds decreased when the extraction time was pro-
longed from 5 to 20 min. Wang et al. (2008) found
that the optimum ultrasound-assisted extraction time
to obtain the highest total polyphenol content in wheat
bran extracts was 25 min if 64% ethanol was applied
at a temperature of 60°C. In our study, different results
were obtained. In most cases the higher total polyphe-
nol content was found during the longest extraction
(60 min) regardless of the solvent used. However, in
our study, extraction was performed at 40°C and this
parameter could also have had an impact on the isola-
tion of active ingredients.

CONCLUSION

To sum up, many factors could have an influence on
the antioxidant capacity and the total polyphenol con-
tent of Silybum marianum L. extracts. A properly se-
lected extraction method and the applied solvent seem
to be important factors in the effective isolation of ac-
tive substances and could lead to the more effective
application of this valuable plant material.
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