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ABSTRACT
This study was conducted using two different varieties of milk thistle, var. marianum, and var.
albiflorum. The plant samples were collected from the Sulaimani region to determine
silymarin content, bioactive constituents, and antioxidant activity. HPLC analysis showed that
var. marianum contains a high amount of silymarin (365.680+3.815 mg/g). Silybin B,
Silychristin A, and Silybin A were the major flavonolignans in these varieties—the var.
marianum contains silybins B, silychristin A, and silybin A (174.880+6.495, 86.720+2.113, and
54.960+£2.483 mg/g) respectively. The hexane extract analysis of milk thistle seeds of the
marianum and albiflorum varieties identified 26 (95.229+£1.318) and 19 (94.547+6.541)
phytochemical compounds, respectively. Both varieties contain a higher amount of oleic acid,
which was found to be 14.800+0.481 and 31.940+0.726 in both varieties, respectively. This
study evaluates the scavenging effect of milk thistle plants using a DPPH assay. The result
indicated that the var. marianum had a maximum scavenging effect of 72.944% compared to
the var. albiflorum, (61.846%). The stronger IC50 was obtained by var. marianum with
17.027+0.064 pg/mL.

Keywords: medicinal plants, Silybum marianum, var. marianum, var. albiflorum, antioxidant,
HPLC, GC-MS.

Q9 Al 2aa) 1686-1676:(5)55:2024 -438) al) &ue 31 a glal) ddaa

G e B (IS (e cptial Linslon Aadl cilSall Aijlia A

taaf wdy Jf< My dasa Pl Gulall sana Jlax Sl taa) hbiaa Iy,
Qe Uy Qe K'Y PO .At\ui

Filosd aals = due 0 dunsigh psle 2l — Lial) Juualaal psle 5 Ayganll LSE aud

saldiual)
A lly axstil g aillall Laa (Silybum marianum sl @l (e cpilida Galia alaiiuly duball oda s
dalad gl Bansdl sliaall Baladlly Laglan Aadill cligfally olasbiad) (Ggine yaatl Luiladad) dihie b Legaas
B bl OIS . (a2fabikse 365.680+3.815) culashsaal] (a Aille AuaS o (sgiay albjlel) i HPLC
B Ganbidll Ao ailylall chiva (55ia) . cphial) (pia A dandl) Cuinalgi Bl liSie o A Cpmlaadly A Gl Sl
M Ao atfalile 54.960+2.483 5 86.720+ 2.113 174.880 + 6.495 A (anliadly (A iy Silad) ¢
19 5 (95.229+1.318) 26 agslally asibylall e o oSl il luSgl) (aliiuwe Jiad con
caly ¥ Gaala e Dlle LS Lo cpiiall NS ggiag gl o il WikaS U (94.547+6.541)
SRR aladiuls Sl @il il awdty dubs e gl o (opiiall 38 4 31.940+0.726 514.800+0.481
(£61.846) a5, sl Ciias Lijlia (£72.94) 08 uadl g 150 A1 IS alljlal) i of ) @il ,uasDPPH
afales S 17.027£0.064 2 agilslal) Ciia ddanlss (55881 IC50 Ao Jguanl) a3

.GC-MS (HPLC (saums¥) claliaa ca)sldnl) Ciina cailijla lina < Silybum marianum ddal) Ll s dalidal) clalst)

Received:22/4/2023, Accepted:23/7/2023
1676


mailto:rozhgar.ahmad@univsul.edu.iq

Iragi Journal of Agricultural Sciences —2024:55(5):1676-1686

Rozhgar & et al.

INTRODUCTION

In flowering plants, the Asteraceae family is
considered to be the largest family and
contains about 1900 genera, including milk
thistle Silypbum marianum L. Gaertn, which is
one of the family members (14,24). Milk
thistle, a traditional medicinal herb, includes
two varieties: the most widespread variety is
marianum, which has a purple corolla, and the
white corolla is the variety albiflorum. The
fruits of the two varieties are achenes,
characterized by an oblong shape and the
presence of a lengthy white pappus fused at its
base, which is subsequently shed. There exists
diversity in seed coloration and size: seeds
(achenes) of var. marianum are black, 8 mm
and 4 mm in length and width, respectively,
while those of var. albiflorum are brown with
mottling, 6 mm and 3 mm in length and width,
respectively(9). Milk thistle is an annual plant,
sometimes known as a biennial plant (29),
native to Asia and southern Europe (31). In
2016, the plant achieved respective sales
figures of approximately $9.968 million and
$17.077 million, positioning it as the 6"
highest-selling herbal dietary supplement
within the natural and health food sectors, and
16 within the mainstream multi-outlet channel
market in the United States (34). All plant
parts were consumed, like stalks, roots, and
flowers. The leaves were used in salads, and
the roasted seed was used as coffee (10). The
fruits of both  wvarieties accumulate
flavonolignans (1). Silybin A and B, silychritin
A, isosylibin A and B, isosilychristin, and
silydaianin are the major active flavonolignans
extracted from milk thistle fruit (5). Milk
thistle leaves also contain silymarin, but the
seeds contain a higher concentration (8). Milk
thistle plants have been used as herbal
medicine to treat liver disorders for centuries.
Silymarin, the bioactive extract from milk
thistle in preclinical studies, has been
documented as having hepatoprotective and
antioxidant properties (25). Silymarin can
prevent and reduce the degeneration of liver
cells, promote the purification of the liver,
improve detoxification, and repair damaged
liver cells (21). The plant exhibits attributes
encompassing photoprotection, antidepressant
properties, antihypertensive effects, and
antimetastatic potential, and primarily acts as a
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hepatoprotective agent (7, 12, 35) Silymarin
has been shown to boost glutathione synthesis
in hepatocytes and superoxide dismutase
activity in erythrocytes, in addition to its
capacity to scavenge free radicals (18,30).
Milk thistle is widely distributed in our region,
and people have traditionally used it as a wild
plant since ancient times without any
knowledge about the useful content of plants,
so this current study is important and aims to
compare two milk thistle varieties grown
naturally in the Sulaimani region in terms of
phytochemical contents using HPLC and GC-
MS technigues and its antioxidant capacity.
MATERIALS AND METHODS

Plant collection and identification

Silybum marianum var. marianum and Silybum
marianum var. albiflorum plant samples were
collected at the full bloom stage for
identification in the 2022-2023 season.
Sample specimens were identified and
deposited in the University of Sulaimani,
College of Agricultural Engineering Science
Herbarium (SUFA, acronym according to
Thiers, 2021) for references and further
investigation. The fruits (achene) of the two
varieties were collected from the Sulaimani-
Bakrajo field in late May 2023 (4).

Sample preparation for HPLC analysis
Twenty grams of seed powder from the milk
thistle were dissolved in 60 mL of acetonitrile
and subjected to agitation in an ultrasonic bath
(40 min). Subsequently, the extracted samples
were filtered through Whatman filter paper
(0.5 pm) to eliminate fibers and undissolved
particulates. The extracts were then subjected
to pre-concentration via a stream of N, until
reaching a volume of approximately (0.5 mL),
and the volume was then adjusted to (1 mL)
using the mobile phase. Subsequently, 2 uL of
the aqueous filtrate was injected into the
HPLC column under optimized conditions for
the effect of separation(4).

Sample preparation for GC-MS analysis
Two grams of each variety of milk thistle
seeds were finely powdered using an electric
blender and subsequently transferred into
separate conical flasks. To each flask, 200 mL
of hexane was added, and the mixture was
then kept at room temperature for 72 hours to
facilitate solvent extraction. Following the
extraction period, the resulting mixture was
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subjected to filtration using Wittman filter
paper to separate the solid residues from the
solvent extract. The solvent extract was stored
at -2°C until used in chromatographic analysis
(3).

HPLC analysis

The standard silymarin utilized in the study
was procured from Sigma-Aldrich. The
standards for various components of silymarin
including silybin A, silybin B, silychristin A,
silychristin B, silydaianin, Isosylibin A, and
Isosylibin B were prepared according to the
methods described in previous studies (11,26).
Quantitative analysis was conducted using a
monolithic  Chromolith RP-C18 column
(100x3 mm) with a guard cartridge
Chromolith RP-18e (5%4.6 mm; both from
Merck, Darmstadt, Germany) employing
binary gradient elution (mobile phase: A = 5%
acetonitrile, 0.1% formic acid; B = 80%
methanol, 0.1% formic acid; gradient: 0 min
30% B, 12 min 60% B, 13 min 60% B, 14 min
30% B, 16.5 min stop), at a flow rate of 1.1
mL/min, with an increased flow rate of 1.5
mL/min during 14-16 min for faster re-
equilibration of the column, at a temperature
of (25 °C). Photodiode array (PDA) data in the
(200-400 nm) range were collected with a rate
of 40 Hz and, the time constant of 0.025 s, and
signals at 285 nm were analyzed. The volume
injection was maintained at (2 pL).

GC-MS analysis

The Agilent Technologies (7890A) gas
chromatograph with a mass selective detector
and Agilent Technologies (5975C) inert XL
MSD mass spectrometer were used to analyze
the seeds powder of Milk thistle plant samples.
The Agilent 190915-433:325 °C (30 m x 250
pm x 0.25 pm) GC-MS column was organized
to begin at (40 °C) and increase by (10 °C) per
minute to a maximum temperature of (280 °C).
The heater front inlet temperature was (250
°C), the injector port was also set to (290 °C),
and the carrier gas was helium at a flow rate of
(1 mL/min). The injection mode was split at a
ratio of 5:1. At 70 eV, mass spectrometry was
used in the electron impact mode (EI). Using
the normalization of the GC peak areas, the
percentages of the phytochemical components
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were calculated. The software automatically
normalized the peaks by dividing each peak
area by the total area and then multiplying by
100. Using the Wiley library, the relative
proportions of the constituents were calculated
7).

Antioxidant properties

The DPPH (2,2-diphenyl-1-picrylhydrazyl)
radical scavenging activity assay is a method
used in chemistry and biochemistry to evaluate
the antioxidant properties of various
compounds. DPPH is a stable free radical
compound with a deep violet color. The free
radical scavenging activity of both milk thistle
varieties was examined using previously
reported  procedures  (30,32). Different
concentrations (25, 50, 75, and 100 pg/mL) of
both milk thistle varieties ethanolic extract
were prepared. Ascorbic acid was used as a
positive control with the same concentrations.
The concentrations were mixed with 1mL of
0.1 mM DPPH. The solution was kept in a
dark place for 30 minutes, and then the
absorbance was measured at A=517 nm. The
following equation was used to measure the
radical scavenging activity:

Scavenging Effect (%)

[(As17nm control — Agq7,., Sample) « 100

As17,m control

The 1C50 value of the sample, which is the
concentration of sample required to inhibit
50% of the DPPH free radical, was calculated
using an inhibition curve. The lower
absorbance of the reaction mixture indicated
higher free radical activity. A linear graph of
concentration versus percentage inhibition was
prepared using various concentrations of
ascorbic acid, and 1C50 values were calculated
(Figure 1)(22).

Statistical analysis

The tests were conducted three times, and
SPSS software was utilized to analyze the
data, calculating average values and standard
deviation (averagestSD). A one-way ANOVA
was employed to assess differences among the
varieties, followed by LSD tests to compare
means at significance levels of p<0.01 and
p<0.05 (33).
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Figure 1. DPPH free radical scavenging affects the positive control (Ascorbic acid)

RESULTS AND DISCUSSION

HPLC analysis

A potential advantage of HPLC is the ability to
separate and quantify the main silymarin
components (2). For comparison, the two milk
thistle fruits undergo the same extraction
process. According to the HPLC analysis
(Table 1 and Figure 2) var. marianum contains
a higher total silymarin (365.680+3.815)
compared to var. albiflorum (245.400+3.220).
Silymarin content quantified through the

HPLC ranged from 1669.5+1.05 to
1624.7+0.75 for var. marianum and
1653.7+1.71 to 1607.6+0.99 for \var.

albiflorum (8). In a study conducted by Friese
et. al (20) who analyzed milk thistle plants
from different locations in Egypt, the results
illustrated that the var. marianum contained a
higher amount of silymarin with 21.92+0.67

compared to var. albiflorum with 15.91+2.76.
Silybin B, Silychristin A, and Silybin A were
the major flavonolignans in these two
varieties.  Interestingly, var. marianum
contains silybins B, silychristin A, and silybins
A (174.880+6.495, 86.720+2.113, and
54.960+2.483 respectively) which were higher
than  var. albiflorum  (131.040+8.142,
47.340+1.866, and 43.860+3.631
respectively). Silychristin B was the minor
flavonolignan produced by both varieties, var.
marianum and var. albiflorum (6.080+1.023
and 3.900+1.069, respectively). The analysis
of different samples of milk thistle plants
indicated that silybin B, silybin A, and
isosylibin A were the most abundant among
other detected silymarin, and var. marianum
exhibited higher amount of var. albiflorum
(20).
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Figure 2. HPLC chromatogram standard for Silymarin content in seed extract of Milk thistle
varieties
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Table 1. Concentrations of Silymarin and its components in Milk thistle varieties

Phytochemical Retentic_)n Time Coniﬂg;’;tions
compounds (min.) Var. marianum Var. albiflorum
Silychristin A 2.05 86.720+2.113 47.340+1.866
Silychristin B 2.88 6.080+1.023 3.900+1.069
Silydaianin 4.14 9.600+0.629 6.300+1.080
Silybin A 6.03 54.960+2.483 43.860£3.631
Silybin B 6.66 174.880+6.495 131.040+8.142
Isosylibin A 8.33 20.480+1.596 12.000+£1.818
Isosylibin B 9.11 12.960+1.480 9.960+0.903
Total Silymarin 365.680+3.815 245.400+3.220
GC-MS analysis arachidic acid. Heptanal aldehyde compound
The most widely used method for was identified in both varieties with
phytoconstituent separation is gas (4.388+£0.674) in marianum and a higher

chromatography-mass spectra. The analysis of
Silybum marianum var. marianum and Silybum
marianum var. albiflorum seed hexane extract
identified 26 (95.229+1.318) and 19
(94.547+6.541) phytochemical compounds,
respectively as shown in Tables (2), (3) and
Figures (3), (4). The major compounds in var.
marianum were 5-Hexenenitrile, and 2-
methyl- (15.419+0.840), which were not
detected in var. albiflorum. It is a byproduct of
the production of trifluoromethyl compounds,
more details about the trifunctionalization of 5
hexennitriles caused by cyano-group migration
and  photoredox-catalyzed trifluoromethyl
radicals. The unsaturated fatty acid oleic acid
was found to Dbe (14.800+0.481) and
(31.940+0.726) in milk thistle plants in both
var. marianum and var. albiflorum
respectively. A study by Eldalawy and Al-Ani
(16) reported that the Iragi milk thistle plant
seeds contain oleic acid with a concentration
of 33.7%. The GC-MS analysis of milk thistle
fatty oil showed the presence of a high
percentage of oleic acid with a concentration
of 31.94%. Saturated fatty acid arachidonic
acid was detected only in a marianum variety
with a concentration of 11.246+0.362.
Ciocarlan et al.(15), reported that the GC-MS
analysis of milk thistle seed contains 2.63%
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amount in var. albiflorum with
(11.397+0.494). Heptanal is an aliphatic
aldehyde, which has a wide range of odors and
flavors (6,35). Nerolidol identified in var.
albiflorum with a mount of (9.200+0.887) was
not identified in var. marianum. Nerolidol is a
sesquiterpene alcohol compound found in a
wide range of plants that possess a floral odor
(13). D-Mannose was identified in var.
albiflorum with (8.700+£0.156). A naturally
occurring C-2 epimer of glucose, D-mannose
is found in many plants and fruits (28) and
previous research reported that these two
varieties are different in morphological and
chemical content. The chemical analysis of
silymarin in two varieties, var. marianum and
var. albiflorum, revealed concentrations of 4.3
pg/ml and 2.0 pg/ml, respectively. Both
varieties exhibited high levels of total
carbohydrates, phenolics, and crude protein in
their seeds. Linoleic acid and oleic acid were
identified as the major fatty acids, with var.
marianum containing 46.7% and 28.6%, and
var. albiflorum containing 42.5% and 27.1%,
respectively. Amino acid analysis indicated
elevated levels of phenylalanine, lysine, and
valine in both varieties (9).
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Table 2. Phytochemicals content of Silybum marianum var. marianum analyzing by GC/MS

Peaks Compounds Chemical RT Abundance Similarity”

Formula (min.) (%) (%)
1 4-Penten-1-ol, 3-methyl- CgH1,0 2.678 3.086+0.144 72
2 (+)-2-Bornanone Cy3H50 2.884 4.829+0.566 96
3 -Hexenenitrile, 2-methyl-5 C,HuN 3.338 15.419+0.840 69
4 Heptanal C;H4,0 4.139 4.388+0.674 96
5 Glucitol, 6-O-nonyl- C15H3,06 5.953 2.405+0.196 90
6 R-Limonene C1oH1603 6.088 2.335+0.281 96
7 Dodecane CoHog 7.476 1.137+0.066 95
8 Oleic Acid C1sH340, 7.532 14.800+0.481 86
9 I-Gala-I-ido-octose CgH 1605 7.723 1.669+0.261 80
10 3-Hydroxy-a-ionene C13H500, 8.144 1.283+0.040 96
11 Phytol CyoH10 8.413 0.553+0.110 90
12 Desulphosinigrin C1oH17NOgS 8.693 0.833+0.023 82
13 9-Tetradecen-1-ol, acetate, (E)- C1sH300, 9.027 3.200+0.353 83
14 d-Mannose CeH1,0¢ 9.105 2.407+0.290 81
15 Maltose C1,H20p 9.245 1.83340.110 90
16 Lactose C1,H2%0p 9.308 1.923+0.096 79
17 Arachidic acid CooH400, 10.502 11.246+0.362 92
18 2-Hexadecanol CsH3,0 11.159 1.215+0.133 84
19 Guanosine C1oH13NsO 11.211 1.058+0.053 93
20 Dodecanal CyoH5,0 11.388 2.081+0.195 98
21 Nerolidol Ci5H20 11.579 2.846+0.099 92
22 Estradiol C1gH20; 12.24 0.63+0.121 99
23 Isopulegol CsH3,0 13.147 1.567+0.094 84
24 Trans-I1soeugenol C1oH120, 13.486 5.225+0.192 87
25 Erucic acid CoH10, 14.072 4.544+0.189 90
26 Nonanal CoH150 15.716 2.717+0.205 83

Total Components 95.229+1.318

* 06 of similarity relative to the reference library in the GC/MS
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Figure 3. The GC-MS analysis of Silybum marianum (var. marianum)
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Table 3. Phytochemicals content of Silybum marianum var. albiflorum analyzed by GC/MS

Peaks Compounds ggimtﬁ? RT (min.) Ab“(ﬁ,‘/f');" nee S'm('l/"’(‘) ;'ty
1 Rhodopin C4oHss0 2.227 3.703+0.479 83
2 Heptanal C,H,,0 2.643 11.397+0.494 79
3 (+)-2-bornanone CioH160 2.863 1.828+0.325 96
4 2-a-l1somethyl ionone C1H»,0 3.328 2.167+0.182 100
5 Bioallethrin C1oH 203 4.136 1.071+0.099 83
6 2-Decen-1-ol, (E)- C1oH20 4.272 1.870+0.010 78
7 Santolinatriene CioHis 5.134 2.484+0.307 69
8 Trans-11-Tetradecenyl acetate C1sH300, 5.316 0.334+0.042 92
9 d-Mannose CeH 1,06 5.936 8.700+0.156 78
10 Isopulegol CyoH150 6.079 0.670+0.062 85
11 Diglycolic acid C4H¢O5 7.363 5.275+0.184 66
12 Phytol CoH40 7.468 3.407+0.369 99
13 Oleic acid C1sH3,0, 7.533 31.940+0.726 92
14 Erucic acid CxH 40, 8.4 1.320+0.075 88
15 dodecanal CyoH,0 9.025 1.970+0.240 90
16 Nerolidol Ci5H20 10.227 9.200+0.887 96
17 Cis-vaccenic acid CisH3.0, 10.455 0.250+0.048 97
18 Stearic acid CisH360, 11.596 1.681+0.178 93
19 Estradiol C1gH20; 15.939 5.280+0.221 85

Total components 94.547+6.541

* 06 of similarity relative to the reference library in the GC/MS
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Figure 4. The GC-MS analysis of Silybum marianum (var. albiflorum)

Antioxidant activity of milk thistle varieties
DPPH is commonly utilized as a reagent to
determine free radicals. To form a stable
diamagnetic molecule, it must receive an
electron or hydrogen radical. Antioxidant
activity was defined as the antioxidant's ability
to eliminate DPPH radical absorption at 517
nm. Figure. (5) indicates that the result of the
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scavenging effect of milk thistle varieties was
statistically significant (p<0.01). The var.
marianum had a maximum scavenging effect
of 72.944% in comparison with the var.
albiflorum, (61.846%). The variations in
silymarin and their content of bioactive
compounds may be explained by the many
antioxidant types found in the extracts, each of
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which has a unique reaction with the applied
radicals (19). According to a study by Serce et.
al (30), milk thistle seeds can stop lipid
peroxidation and have good DPPH free radical
scavenging ability. As a result, milk thistle has
the potential to be a rich source of food
preservatives and antioxidants. Hadaruga and
Hadaruga (23) was reported that the milk
thistle plant extract had a high antioxidant
potential. The scavenging effect between the

two milk thistle varieties concentration and
DPPH radical, which linearly increased as the
concentration increased from 25 to 100
pg/mL. The milk thistle seed extracts with 100
pg/mL exhibited 84.904 % activity, whereas
the 25 pug/mL exhibited 49.816 % inhibition.
The same result was obtained by Mishra et. al
(27), who reported that by increasing
concentration,  the  scavenging  effect
percentage increased.

L.S.D (p<0.05)=3.776 L.S.D (p<0.01)=5.202
100
90
80 72.944
N 70 61.846
)
2 60
5
2 50
=
) 40
[
S
= 30
[&]
» 20
10
0
Var. marianum var. albiflorum
Varieties
Figure 5. Milk thistle seed extracts scavenging effect (%0)
L.S.D (p=0.05)=5.340 L S.D (p=0.05)=7.357
100
90 84.904
® 80 75.274
]
% 70 59.586
%,; 60 49.816
i) 50
g
v 40
S 30
w
20
10
0
25 50 75 100
Concentrations pg/mL

Figure 6. Milk thistle seed extracts scavenging effect (%) based on different concentrations

The interaction between varieties and seed
extract concentrations on the scavenging effect
is illustrated in Figure (6). The result indicated
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that the interaction effect was not statistically
significant. At the same time, the highest
scavenging effect was recorded by the
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interaction between var. marianum and 100
pg/mL. The IC50 were 17.027+0.064 pg/mL,
33.678+£0.618 pg/mL, and 36.922+0.208
pg/mL, var. marianum, ascorbic acid, and var.
albiflorum, respectively. The var. marianum
gained a stronger IC50 than the ascorbic acid
and the var. albiflorum, and it was relatively
less than the ascorbic acid. An investigation
was conducted by Serce et al. (30) who

evaluated the antioxidant capacity of the milk
thistle plant in comparison with butylated
hydroxyanisole and butylated hydroxytoluene
(both used as positive controls) at different
concentrations. The antioxidant capacity of the
interaction between the milk thistle plant and
150 pg/mL was higher than both positive
controls.

Scavenging effects %

var.
Marianim

var.
albiflorum

Figure 6. Milk thistle seed extracts scavenging effect (%) based on the interaction between
varieties and concentrations var. marianum (¥ = 0.5046X + 41.408, R = 0.9698), var.
albiflorum (Y = 0.463X + 23.906,R?> = 0.9889)

CONCLUSIONS

In  conclusion, these findings highlight
morphological and chemical distinctions
between the two milk thistle varieties and
underscore their potential pharmacological and
nutritional  significance. HPLC analysis
revealed var. marianum to contain a higher
total silymarin content compared to var.
albiflorum, with var. marianum also exhibiting
higher levels of major flavonolignans. Gas
chromatography-mass spectra analysis of seed
hexane extracts identified varying
phytochemical compounds between the two
varieties, with notable differences in major
compounds such as 5-hexenitrile and oleic
acid. It was also indicated that antioxidant
activity assays showed var. marianum to
possess a higher scavenging effect on DPPH
radicals compared to var. albiflorum,
indicative of its potential as a rich source of
antioxidants and food preservatives. Overall,
the results could be useful as a good point to
encourage researchers and farmers to cultivate
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different species of milk thistle by using
different culture seasons under controlled
conditions.
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