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ABSTRACT

In this study, it was aimed to determine fatty acid profile and the antimicrobial activity of the seed oil
obtained from the seed of Siybum marianum L. and silymarin which was extracted through methanol
extraction of Siybum marianum L. seed. The antimicrobial activity of extracts was determined by testing
against the microorganisms of Enterococcus faecalis, Staphylococcus anreus, Bacillus subtilis, Lactobacillus plantarum,
Lactobacillus  pentosus, Escherichia coli, Protens mirabilis, Pseudomonas aeruginosa, and Candida albicans. Gas
Chromatography-Mass Spectrometry was used to determine the fatty acid profile of the seed oil. The main
components of the seed oil were detected as octadecadienoic acid (44.06 %), octadecenoic acid (20.18 %),
hexadecenoic acid (14.63 %) and octadecanoic acid (7.75 %). Seed oil revealed antimicrobial effect on P.
mirabilis, P. aeruginosa and 1. pentosus E1LB41 and silymarin had antimicrobial effect on L. plantarum ELBTS5,
L. pentosus ELB37 and B. subtilis.
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Silybum marianum L. TOHUMLARININ YAG ASIDI KOMPOZISYONU ILE
TOHUM YAGI VE SILYMARIN EKSTRAKTININ ANTIMIKROBIYAL ETKISI

oz

Bu calismada Meryemana dikeni (Silybum marianum L.) tohumlarindan elde edilen tohum sabit yagt ile
metanol ckstraksiyonuyla elde edilen silmarin etken maddesinin antimikrobiyal aktivitesinin
belirlenmesi amaglanmistir. Ekstrelerin, Enterococcus faecalis, Staphylococcus aurens, Bacillus subtilis,
Lactobacillus plantarum, Lactobacillus pentosus, Escherichia coli, Protens mirabilis, Psendomonas aeruginosa ve
Candida albicans mikroorganizmalarina karst antimikrobiyal aktiviteleri belirflenmistir. Bununla birlikte
bitki tohumlarindan elde edilen yagin, yag asitleri kompozisyonunun belirlenmesi icin Gaz
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Kromatografisi-Kiitle Spektrometresi (GC-MS) yontemi kullandmistir. Yagin ana bilesenleri;
oktadekadienoik asit (% 44.00), oktadekenoik asit (% 20.18), hekzadekanoik asit (% 14.63) ve
oktadekanoik asit (%o 7.75) olarak saptanmistir. Calismamizda; tohum yag1 ekstraktinin P. mzrabilis, P.
aernginosa ve Lactobacillus pentosus ELB41 tzerine; silmarinin ise Lactobacillus plantarum ELBT5,
Lactobacillus pentosus ELB37 ve B. subtilis’ e karst antimikrobiyal etkisinin oldugu saptanmistir.

Anahtar kelimeler: Silybum marianum L., meryemana dikeni, yag asidi kompozisyonu, silymarin,

antimikrobiyal aktivite

INTRODUCTION

The medical and aromatic plants are rich in terms
of phytochemical materials like tannins,
terpenoids, alkaloids and flavonoids (Dorman and
Deans, 2000) and their usage in the treatment of
the disease dates back to old times. World health
organization reports 20 thousand plants that are
used as a spice and other medical purposes, and
25 percent of the pharmaceutical medicines used
today are produced from the medical plant
(Acibuca and Bostan Budak, 2018). Around the
wortld, there is about 900 medical and aromatic
plant that is cultured. In recent years, there is an
increase in usage of the medical plants for health
protection against the increase of the diseases,
side effects of chemical medicines, and health
concerns. According to FAO, the 30 percent of
the medicines sold around the world consist of

components produced through plant material
(FAO, 2005; Acibuca and Bostan Budak, 2018).

It is reported that antioxidant, anti-inflammatory,
immunomodulatory, anti-lipid, and
hepaprotective effects of Silybum marianum 1.
which is a member of Compositae family and is
widely used for the medical purpose since the
ancient ages as. The composition of Silybum
marianum L. seed contains 1.5-3%  of
flavonolignan which is a therapeutic agent (Bijak,
2017). Flavonolignans consist of 70-80 % of
silymarin flavonolignans, 20-30 % of them are
formed  through  polymeric and  oxide
polyphenolic components which cannot be
chemically  identified  fractions  (Sanchez-
Sampedro et al, 2007). Silymarin is a plant
secondary metabolite and composed of a mixture
of four different flavonolignans isomers as silybin
(60-70%), silychristin (20%), silydianin (10%) and
isosilybin (5%) (Shaarawy et al., 2009; Rasool et
al., 2014). Silymarin is a lipophilic extract that is
obtained from seeds after removing the seed oil
through the extraction (Ramasamy and Agarwal,

2008). Silymarin concentration of seed is higher
than the content of leaf and fruit (Duke, 1999).
Dried seed extracts contain 60% silymarin (50-
60% silybin, 5% isosilybin, 20% silychristin and
10% silydianin) (Burgess, 2003). Silybin which is
found of high amounts in silymarin, is known as
the most active phytochemical in it and it is said
that it is the most important component which
provides the health benefit of silymarin (Dixit et
al., 2007). It is reported that Silybum marianum L.
seeds contain simple flavonoids like taxifolin,
quercetin, and dihydrokaempherol besides
flavonolignans (Montebianco et al., 2010). It is
reported that the aboveground parts of the plant
have apigenin, kaempherol, apigenin 7-glycoside,
B-sitosterol, B-sitosterol 3-glycosides (Mericli,
1984). The oil content of seeds is 20-30 of whole
seed and it consists of 60% of linoleic, 30% of
oleic and 9% of palmitic acids (Wagner et al.,
1968). Seeds contain betain, trimetilglisin and
essential fatty acids and it is known that these
components contribute to the hepaprotective and
anti-inflammatory effects of silymarin (Dixit et al.,
2007; Ghosh et al., 2010). In different literatures,
it is reported that Silybum marianum 1. has an
antimicrobial effect on bacteria (Lee et al., 2012),
fungus (Rakelly de Oliveira et al., 2015), virus
(McClure et al., 2012) and behaves as a stimulant
(Alidoost et al., 2006) on the immune system.

In this study, it was aimed to determine the
antimicrobial activity of seed oil and silymatin
extract of Silybum marianum 1. collected from
Tekirdag province (Turkey) on Enterococcus faecalis
ATCC 29212, Staphylococcus anrens ATCC 43300,
Bacillus  subtilis NRRIL. NRS-744, Lactobacillus
Plantarnm ELBT5, Lactobacillus pentosus ELB41,
Lactobacillus pentosus ELB37, Escherichia coli ATCC
25922, Proteus mirabilis NTCC 12453, Pseudomonas
aernginosa ATCC 27853 and Candida albicans ATCC
10231. In addition to antimicrobial activity, the
fatty acid profile of the seed oil was determined.
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MATERIAL AND METHOD

Plant material

Seeds of Silybum marianum L. was harvested at
Tekirdag location (40°58'52.0"N 27°33'58.6"E)
when the harvest time comes and was dried by
having cleaned after the foreign matter was
separated for 5 hours at 50%1 °C. Dried seeds
have waited under controlled conditions until the
analysis.

Seed oil extraction

Due to the high lipid content in Silybum marianum
L., the Buropean Pharmacopoeia (European
Pharmacopoeia, 2010) recommends a two-step
process of its extraction. First, the seeds were
defatted using #-hexane; second, silymatrin was
extracted with methanol. The cleaned seeds were
dried for 5 hours at drying-oven (EN 400, Niive,
Turkey). After grinded until total
homogeny, 5 g of powdered material were
weighed in each Soxhlet cartouche and 250 ml of
n-hexane added into each Soxhlet balloons. The
oil of seed was extracted for 8 hours at Soxhlet
extractor. Then the solvent flask containing the
seed oil and #-hexane was separated by rotary
evaporator  (Heidolph  Hei-Vap  Precision).
Afterward, the seed oil was kept at the oven (FN
400, Nuve, Turkey) for 1 hour at 105+1°C in
order to separate from residual z-hexane. It was
weighted after cooled at ambient temperature at
desiccator. The obtained oil was kept under
controlled conditions until the analysis.

it was

Silymarin extraction

After drying the oil-free cake, it was transferred
back to the Soxhlet extractor for silymarin
extraction (Wilanowska and Wisniewski, 2015).
The oil-free cake was subjected to methanol
extraction in an automatic extractor at 1751 oC
for silymarin extraction. After 30 min of
immersion and 180 min of washing, respectively,
recovery was performed for 15 min. In this way,
methanol was recovered. The obtained silymarin
extract was kept in a moisture-free condition at
47£1 oC untl analysis.

Determination of antimicrobial activity
In order to determine the antimicrobial activity of
seed oil and silymarin extract, Enterococcus faecalis

(ATCC 29212), Staphylococens  aurens (ATCC

43300), Bacillus subtilis (NRRL NRS-744) as gram-
positive bactetia; Lactobacillus plantarnm (ELBT5),
Lactobacillus  pentosus (ELB41) and  Lactobacillus
pentosus (ELB37) as lactic acid bacteria; Escherichia
coli (ATCC 25922), Proteus mirabilis (ATCC 12453),
Psendomonas aernginosa (ATCC 27853) as gram-
negative bacteria and Candida albicans (ATCC
10231) were used as yeast strain.

Antimicrobial activity of extracts was studied by
modifying of agar well diffusion method. The
stock culture of bacteria was inoculated into
Nutrient Agar and MRS agar (for Lactobacillus
spp.) and incubated at 37 = 1 °C for 24 h. Yeast
stock culture was inoculated into Sabouraud 2%
Dextrose Agar and incubated at 30 £ 1 °C for 48
h. After incubation, colonies growing on the
medium were transferred into Mueller Hinton
Broth, MRS Broth and Sabouraud 2% Dextrose
Broth. Bacteria and yeast suspensions were
prepared as 0.5 McFarland which are
approximately 108 CFU/ml and 1-5X106 cell,

respectively and  densitometer (Den 18,
McFarland  Densitometer) was used for
adjustment.  Prepared  suspensions  were

inoculated into Mueller Hinton Agar, MRS Agar
and Sabouraud 2% Dextrose Agar using sterile
ecuvion sticks. 10 pl of extracts were inoculated
into well in agar medium. Inoculated petri dishes
for bacteria and yeast were incubated at 37 + 1 °C
for 24 h and at 30 + 1 °C for 48 h, respectively.
Ciprofloxacin (CIP, 5 npg/disc) and methanol
were used as negative and positive controls,
respectively. After incubation zone diameters
were measured to determine the microbial growth
and expressed as mm (CLSI, 2012).

Gas Chromatography-Mass
(GC-MS)

The fatty acid composition of Silybum marianum L.
seeds was performed using Gas chromatography-
mass spectrometry (GC-MS, Hewlett Packard
6890) at Central Research Laboratory in Tekirdag
Namik Kemal University (Tekirdag, Turkey). The
samples were diluted at a ratio of 1:100 to analyse
with 7z-hexane. An HP-5MS column (coated with
(5 %-phenyl)-methylpolysiloxane phase) (30 m X
0.25 mm, 0.25-pm film thicknesses) was used as
the stationary phase. Helium was used as carrier
gas at a flow rate of 0.8 ml/min. The samples were

Spectrometry
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injected with a splitting 40:1 to 1 pl. The injector
temperature was 250 °C. The GC-MS interface
temperatures were maintained at 250°C. The
oven temperature was programmed from 40 °C
(5 min), 10 °C/min ramp rate to 280 °C. Mass
spectra were recorded at 70 eV. Mass range was
from m/z 30 to 450. While providing the
components the data of WILEY and OIL
ADAMS libraries were based. Considering the
results, the percentages of components were
obtained using of FID detector and the

identification of the components were carried out
with MS detector.

RESULTS AND DISCUSSION
Fatty acid profile by
Chromatography

The fatty acid composition of oil extracted from
seeds of Silybum marianum L. was performed by
using Gas Chromatography-Mass Spectrometry
(GC-MS). The fatty acid composition of extracted
oil was shown in Figure 1 and Table 1.

using  Gas

TIC

10,758,956 g
3 43 3 3 =
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Figure 1. Fatty acid composition of Silybum: marianum L. seed oil
Table 1. Fatty acid composition of the seed oil of Silybunz marianum L.

Fatty acids Area % R. time*
1 Cis2 Linoleic acid 44.06 56.100
2 Cisa Oleic acid 20.18 54.052
3 Cis0 Palmitic acid 14.63 47.924
4 Ciso Stearic acid 7.75 52.854
5 Ca00 Arachidic acid 3.04 57.249
6 Ca01 Gondoic acid 2.64 58.441
7 Ca20 Behenic acid 1.80 62.100
8 Cis Vaccenic acid 1.37 54.214
9 Cie2 Conjugated Linoleic acid 0.60 76.479
10 Ca02 Eicosadienoic acid 0.52 60.549
11 Cis2 7,10-Octadecadienoic acid 0.42 76.044
12 Ci7o Margaric acid 0.40 50.330
13 Cig1 Palmitelaidic acid 0.39 49.736
14 Cia0 Mytistic acid 0.33 42.511
15 Ca40 Lignoceric acid 0.31 68.073
16 Cig1 Lycopodic acid 0.19 49.395
17 Ci94 9-Oxononanoic acid 0.12 53.409
18 Cie1 Hypogeic acid 0.07 49.160
19 Cis0 Pentadecanoic acid 0.07 45.239
20 Co21 Erucic acid 0.05 63.467
21 Ca1.0 Heneicosylic acid 0.05 59.579
22 Cso Caprylic acid 0.04 23.123
23 Ci90 Nonadecyclic acid 0.04 55.018

* R. time, retention time.
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30 different compounds were detected in the
results of the fatty acid composition. Fatty acids
which were found in high amounts were shown in
Table 1. It was found that 67 % of fatty acids were
unsaturated. 4532 % of them formed
polyunsaturated and 21.59 % of the composition
formed monounsaturated fatty acids. Major fatty
acids of S. marianum seed oil was found as
octadecadienoic acid (44.06 %, Cisz, linoelic acid),
octadecenoic acid (20.18 %, Cisa, oleic acid),
hexadecanoic acid (14.63%, Cieo, palmitic acid)
and octadecanoic acid (7.75%, Cis., stearic acid).
Others were eicosadienoic acid (3.04 %, Caoy,
arachidic acid), 11-eicosenoic acid (2.64 %, Caou,
gondoic acid) and docosanoic acid (1.80 %, Cazy,
behenic acid). Similar to our results (Mhamdi et
al., 20106) it was reported that the predominance
of linoleic (50.5 %) and oleic (30.2 %) acids in dry
matter of extracted oil from S. marianum seeds. In
addition to this, they also detected the presence of
palmitic acid (Ciex), stearic acid (Ciso), arachidic
acid (Cao.), y-linolenic acid (Cis3, n-6) and Cis-11-
eicosenoic acid (Czo.1, n-9). It has been shown that
(Hasanloo et al., 2008) the main fatty acids
detected in the lranian S. marianum seeds were:
linoleic acid (45.36%) and oleic acid (31.58%).
Similatly, it was reported that (Nasrollahi et al.,
2016) linoleic (43.57-54.78 %), oleic (28.68-
35.85 %) and palmitic acid (7.99-9.26 %) were
detected in the oil of S. marianum which were
collected from four regions of Iran (Ahvaz,
Lorestan, Kazeroon and Zarghan). It was also
reported that fatty acid compositions of different
varieties remained the same, but the amount of
fatty acid compositions differed according to
regions. Similar to our results, it was reported
(Celik and Kan, 2013) that arachidic, stearic, and
palmitic acid as saturated and linoleic acid as
major unsaturated fatty acid of S. marianum seed
oil. In addition to this, a lower amount of different
fatty acids was also found in seed oil.

In summary, the fatty acid profile of seed oil
includes pentadecanoic acid (Cis0) which is found
rare in nature and found a rate of 1.2 % in cow
milk, vaccenic acid and hypogeic acid which were
found in human milk and ruminant milk. In
addition to this, oleamide which accumulates
cerebrospinal fluid and has been searching its

potential for sleeping disorders treatment was
detected in the seed oil of S. marianum.

Determination of antimicrobial activity in
seed oil and silymarin extract

It was determined that the extracts obtained from
the seeds of Silybum marianum 1. has an
antimicrobial effect against different types of
microorganisms (Table 2). Antimicrobial effect of
the Silybum marianum L. seed oil was detected on
P. mirabifis (inhibition zone, 11 mm), P. aeruginosa
(inhibition zone, 12 mm) and L. pentosus (ELB41)
(inhibition zone, 13 mm). However, the effect on
the other microorganisms could not be
determined. The methanol extract of silymarin
was found to be more effective on L. plantarum
(inhibition zone, 14 mm) and L. pentosus (ELB37)
(inhibition zone, 13 mm) species. Besides, it was
detected that there was antimicrobial effect
against B. subtilis (inhibition zone, 12 mm). It was
detected that silymarin extract has no antibacterial
effect against Gr (-) bacteria. Both seed oil and
silymarin extract were found to ineffective against
C. albicans, therefore antifungal activity was not
detected in our study. This result was probably
due to the cell structure of the fungus, mainly the
chitin cell walls of C. albicans (Rakelly de Oliveira
et al.,, 2015).

In a study (Shah et al., 2011), inhibition zone (i.z.)
of 17,15 and 21 mm diameters were detected for
the seed oil of blue capitulum of Siybun marianum
plant against B. subtilis, P. vulgaris and S. aurens,
respectively. However, the inhibition zone of 22,
13 and 19 mm were detected for the seed oil of
white capitulum of Silybum marianum plant against
B. subtilis, P. vulgaris and S. awreus, respectively.
Similarly, the results of the antimicrobial activity
of silymarin correlated with the findings of
Mojgan and Roya (2016), who reported no
significant effect on Gr (-) bacteria. Mohammed
et al. (2019) reported that antibacterial effects of
S. marianum extracts were higher than antifungal
effects and ethanol extracts have higher
antimicrobial activity than methanol extracts.
Unlike the results of our study, plant extracts have
a higher antimicrobial effect against Gr (-)
bacteria (Mohammed et al., 2019). Similatly,
neither silymarin nor seed oil has antifungal
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activity. It was reported that #-hexane extract of
8. marianum seed had antimicrobial effect on both
Gr (+) and Gr (-) bacteria (Yaldiz, 2017). It was
reported that (Zaouia et al., 2010) antimicrobial
activity of water and methanol extracts of S.
marianum, which was collected from Algeria, was
detected against E. coii (.z. 12 mm, 8§ mm), P.
aernginosa (1.z. 12 mm, 11 mm), S. aurens (1.z. 11
mm, 10 mm) and C. albicans (1.z. 9 mm, 11 mm),
respectively. In our study, similarly, antibacterial
effect of seed oil was observed and detected as it
was effective on P. mirabilis, P. aernginosa and L.
pentosus. The inactivation activity of S. marianum
seed oil could be related to its content of
phenolics and tocopherols (Andrzejewska et al.
2015). Radhika et al. (2017) reported that
silymarin had no antibacterial effect on S. aureus

and E. feacalis which is parallel to findings in our
study. The inactivation activity of S. marianum
could be related to antimicrobial action of
silymarin ~ flavonolignans  and  polymeric
flavonoids which contain hydroxyl phenolic
groups that interfere with the bacterial synthetic
processes by enzyme inhibition (Avila et al., 2008;
Li et al,, 2012). It is also believed that phenolic
compounds possess the capacity to form
complexes with extracellular soluble proteins that
bind to bacterial cell wall (Tsuchiya et al., 1996;
Rakelly de Oliveira et al., 2015). Although not
noted as seed oil, in a study where the extraction
and agar diffusion methods overlapped (Kareem
and Ali, 2005), it was reported that seed oil did
not have any antibacterial activity on the studied
strains.

Table 2. The antimicrobial activity (zone of inhibition) of different extracts of S. marianum L.

Zone of inhibition (mm) of different extracts

Organisms Seed oil (10 pL)  Silymarin (10 pL) Ciprofloxcacin (5 pg)
E. faecalis (ATCC 29212) NZ* NZ 17
S. anrens (ATCC 43300) NZ NZ 20
B. subtilis NRRL NRS-744) NZ 12 35
L. plantarnm (ELB75) NZ 14 9
L. pentosus (ELBA41) 13 NZ 8
L. pentosus (ELB37) NZ 13 10
E. coli (ATCC 25922) NZ NZ 25
P. mirabilis (ATCC 12453) 11 NZ 27
P. aernginosa (ATCC 27853) 12 NZ 27
C. albicans (ATCC 10231) NZ NZ ND**

*NZ: No zone detected; **ND: Not detected.

According to the result of the studies, it was
observed that antibacterial activities were
different from one another. It was thought that
the difference caused different antibacterial effect
is based on different extraction solvents, the
harvest territory of S. marianum, the usage of the
plants flowers, seeds, or all parts at extraction.

CONCLUSION

The antimicrobial activity of the seed oil and
methanol extract of silymarin obtained from the
seeds of the milk thistle (Siybum marianum L.)

collected at Tekirdag province was investigated
against different types of microorganisms and
extracts were found to be effective against some
of the microorganisms. Seed oil was found to be
effective on P. mirabilis, P. aernginosa and L. pentosus
while the antibacterial activity of silymarin extract
was detected on L. plantarum, L. pentosus and B.
subtilis. Infections caused by pathogens have a
high prevalence, where they are responsible for
the increase in wotldwide morbi-mortality. The
antimicrobial activity of natural products such as
oil or extracts of seeds like Szybunm: marianum L. has
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been conducted with the aim of generalizing the
spectrum of antimicrobial therapy. Popularity of
use of plants and their derivatives for infections
caused by various microorganisms has been
increasing in recent years. Silybunz mariannm L. has
been traditionally used in treating diseases for
many years and silymarin is an active component
of the plant which has a major component called
silybin. In recent years, studies investigating the
pharmacological effects associated with these
compounds have increased.

Results show that Silybum marianum L. has a
potential to be used as food preservatives and
pharmaceutical ~ treatments, as a natural
antibacterial agent, together with the fact that the
use of silymarin and silybin is considered safe. In
addition to this, it was also possible to enrich the
fatty acid content of food in terms of
polyunsaturated and monounsaturated fatty acids
which is known with health benefits. It was
thought that the higher concentration levels of
seed oil and silymarin extracts could be further
studied in order to detect the antimicrobial
activity of different concentrations. Silybum
marianum L. seed oil and silymarin extract might
be a potential alternative to the food applications
in order to reduce using synthetic chemicals in
food industry. The authenticity of the results is
important in terms of no other study with the
indigenous  Siybum  marianum 1. of Tekirdag
province was encountered in literature.

ACKNOWLEDGMENTS

We thank Professor Muhammet ARICI and
Lecturer Rusen METIN YILDIRIM for sharing
their lactic acid bacteria collection.

CONFLICT OF INTEREST
The authors express no conflict of interest
associated with this work.

AUTHORS CONTRIBUTIONS

Sila Barut G6k was responsible for experimental
design. Mine Aydin Kur¢ and Sila Barut Gék
performed the microbiological analysis. ELf
Ceren Pehlivan, Yasemin Erdogdu and Sila Barut
Gok were responsible for extracting of silymarin
and seed oil. Yasemin Erdogdu and Sia Barut

GOk were evaluated on fatty acid composition of
seed oil. All authors were responsible for
interpretation and discussion of the results. All
authors approved the submitted version.

REFERENCES

Acibuca,V., Bostan Budak, D. (2018). Place and
importance of medicinal and aromatic plants in
the world and Turkey. Cukurova J. Agric. Food
Sci,, 1, 37-44.

Alidoost, F., Gharagozloo, M., Bagherpour, B.,
Jafarian, A., Sajjadi, S.E., Hourfar, H., MoayediB.
(20006). Effects of silymarin on the proliferation
and glutathione levels of peripheral blood mono
nuclear cells from B— thalassemia majoér patients.
Int. Immunopharmacol., 6, 1305-1310.

Andrzejewska J., Martinelli T., Sadowska, K.
(2015).  Silybum  marianum:  non-medical
exploitation of the species. Awn. Appl. Biol. 167,
285-297.

Avila, H.P., Smania, E.D.F.A., Monache, F.D.,
Smania, A. (2008). Structure-activity relationship
of antibacterial chalcones, Bioorg. Med. Chem., 16
(22), 9790-9794.

Bijak M. (2017). Silybin, a Major Bioactive
Component of Milk Thistle (S#ybun: marianum L.
Gaernt.)-Chemistry, Bioavailability, and
Metabolism. Molecules (Basel, Switzerland), 22(11),
1942.

https://doi.org/10.3390 /molecules22111942.

Burgess, C.A. (2003). Silybum marianum (Milk
Thistle). J. Pharm. Soc. Winconsin, 92, 3-40.

CLSI, (2012). Clinical and Laboratory Standards
Institute. Performance standards for
antimicrobial  disk susceptibility tests;
Approved Standard—Eleventh Edition. CLSI
document M02-A11; Wayne, PA.

Celik, AS., Kan, Y. (2013). Konya Ekolojik
Sartlarinda  Yetistirilen Meryemana  Dikeni
Bitkisinin  (Silybum  marianum) Tohum Verimi,
Silimarin ve Sabit Yag Bilesenlerinin Belirlenmesi.
Selguke Tarim ve Guda Bilim. Derg., 1, 24-31.

Dixit, N., Baboota, S., Kohli, K., Ahmad S., Ali, J.
(2007). Silymarin: A review of pharmacological



Evaluation of milk thistle extracts

aspects and  bioavailability = enhancement
approaches, Indian | Pharmacol, 4, 172-179.
Dorman, HJ.D., Deans S.G. (2000).

Antimicrobial agents from plants: antibacterial
activity of plant volatile oils. J. Appl. Microbiol, 2,
308-316.

Duke, J. (1999). The herbal sling vs. the magic
bullet. J. Med. Food, 2, 73-76.

European Pharmacopoeia, (2010). Council of
Europe. 7th ed. European Directorate for the
Quality of Medicines. Strasbourg, France.

FAO, (2005). Trade in medicinal plants, Raw
Materials, Tropical and Horticultural Products
Service Commodities and Trade Division
Economic and Social Department Food and
Agriculture Organization of the United Nations,
Rome.

Ghosh, A., Ghosh, T., Jain, S. (2010). Silymarin-a
the pharmacodynamics and
bioavailability enhancement approaches. PDA |
Pharm Sci Technol., 2(10), 348-355.

Hasanloo, T., Sepehrifar, R., Bahmany, M.,
Kalantary, F. (2008). Tocopherols, antiradical
activity and fatty acids in seeds of Silybum
marianum (L.) Gaertn. 362-365 In 4th Kuala
Lumpur International Conference on Biomedical
Engineering.

Kareem, KA., Ali, W.D.A. (2015). In-Vitro
Evaluation of Antibacterial Activity of Silybum
marianum Seeds Oil, Ethanolic Extract and
Antibiotics Against Isolated Bacteria.
Best: ITHAMS, 3(12), 43-48.

Lee, Y.S., Jang K., Cha, J.D. (2012). Synergistic
antibacterial ~ effect between silibinin  and
antibiotics in oral bacteria. | Biomed Biotechnol., 1-7.

Li, Y., Luo, Y., Y. Hu, Y. (2012). Design, synthesis
and antimicrobial activities of nitroimidazole
derivatives containing 1,3,4-oxadiazole scaffold as
FabH inhibitors, Bioorg. Med. Chem., 20(14), 4316—
4322,

McClure, J., Lovelace, E.S., Elahi, S., Maurice,
N.J., Wagoner, J., Dragovan, J., Polyak, J. (2012).
Silibinin Inhibits HIV-1 Infection by Reducing

review  on

Cellular Activation and Proliferation. PLoS Oze, 7,
1-9.

Merigli, AH. (1984). Turkiye'nin degisik
bolgelerinde yetisen Silybum marianum titlerinin
meyvelerinin flavonolignan bilesikleri yoniinden
incelenmesi, Doga Bilim Der., 2, 203-208.

Mhamdi, B., Abbasi, F., Smaoui, A., Abdelly, C.,
Marzouk, B. (2016). Fatty acids, essential oil and
phenolics composition of Silybum marianum seeds
and their antioxidant activities. Pak. J. Pharm. Sci.,
3,951-959.

Mohammed, F.S., Pehlivan, M., Sevindik, M.
(2019). Antioxidant, antibacterial and antifungal
activities of different extracts of Silybum marianum
collected from Duhok (Iraq). Int. |. Second., 4,317—
322.

Mojgan, O., Roya, S. (2016). Evaluation of
antibacterial activity of silymatin against enteric
bacterial pathogens. Int. J. Herb. Med., 4(5): 44-45.

Montebianco Abenavoli, L., Capasso, R., Milic,
N., Capasso, F. (2010). Milk thistde in liver
diseases: past, present, future. PHYRE, 10,1423-
1432.

Nasrollahi, I., Talebi E., Nemati, Z. (2016). Study
on Silybum marianum seed through fatty acids
comparison, peroxide tests, refractive index and
oil percentage. Pharmacogn. Mag., 6, 595-597.

Radhika, M.L., Ezhilarasan, D., Gopinath, P.
(2017). Antimicrobial efficacy of silymarin and
silibinin against oral microorganisms. JMID, 7 (3),
139-143.

Rakelly de Oliveira, D., Relison Tintino, S.,
Morais Braga, M.F.B., Boligon, A.A., Linde
Athayde, M., Douglas H., Melo Coutinho H. de
Menezes, L.R.A., Fachinetto, R. (2015). In vitro
antimicrobial and modulatory activity of the
natural products silymarin and silibinin. BioMed
Res. Int., 2015, 1-7.

Ramasamy K., Agarwal, R. (2008). Multitargeted
therapy of cancer by silymarin. Cancer Lett., 2,352-
362.

Rasool, M., Igbal, J., Malik, A., Ramzan, H.S,,
Qureshi, M.S., Asif, M. and Gan, S.H. (2014).
Hepato protective effects of Silybum marianum

117



118

S. Barut Gok, E.C. Pehlivan, M. Aydin Kurg, Y. Erdogdu

(Silymarin) and Gheyrrbiza glabra (Glycyrrhizin) in
combination: a possible synergy. Evid Based
Complement Alternat Med, 2014, 1-9.

Sanchez-Sampedro, A., Kimb, H.K., Choi, Y.H.,
Verpoorte R., Corchete, P. (2007). Metabolomic
alterations in elicitor treated Silybum marianum
suspension cultures monitored by nuclear

magnetic resonance spectroscopy. I
Biotechnol. 130, 133-142.

Shaarawy, S.M., Tohamy, A.A., Elgendy S.M., et
al. (2009). Protective effects of garlic and
silymarin on NDEA-induced rats hepatotoxicity,
Int. J. Biol. Sei., 6,549-557.

Shah, S.M.M., Khan, F.A., Shah, S.M.H., Chishti,
K.A., Pirzada, S.M.S.S., Khan, M.A. Farid, A.
(2011). Evaluation of phytochemicals and
antimicrobial activity of white and blue capitulum
and whole plant of Silybum marianum. World App!.
Sei ], 8,1139-1144.

Tsuchiya, H., Sato, M., Miyazaki, T., Fujiwara, S.,
Tanigaki, S., Ohyama, M., Tanaka, T., linuma, M.
(1996). Comparative study on the antibacterial
activity of phytochemical flavanones against

methicillin-resistant  Staphylococcus
Ethnopharmacol., 50 (1), 27-34.

Wagner, H., Horhammer, L., Munster, R. (1968).
On the chemistry of silymarin (silybin), the active
principle of the fruits from Sihybunm marianum (L.)
Gaertn. (Carduns marianus L)

ARZNEIMITTEILFORSCH, 6, 688—696.

Wilanowska D., Wisniewski, M. (2015). Simplified
procedure of silymarin extraction from Silybum
marianum L. Gaertner. . Chromatogr. Sei., 2, 366-
372.

Yaldiz, G. (2017). Effects of potassium sulfate
[K2SO4] on the element contents, polyphenol
content, antioxidant and antimicrobial activities
of milk thistle [Siybum marianum|. Pharmacogn.
Mag., 49, 102-107.

Zaouia, K., Segni, L., Noureddine G. and Redha,
O.M. (2010). Antimicrobial activity of nine

medicinal plants growing in the south of Algeria.
Ann. Biol. Res., 4,145-147.

anreus. |



