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Summary

Introduction: Milk thistle (Silybum marianum (L.) Gaertn.) is an important medicinal plant, its achenes 
contain a silymarin, which has a regenerating and stabilizing effect on liver cells. The milk thistle based 
dietary supplements are among the best-selling plant pharmaceuticals in the US and the UE. 
Objective: The goal of the experiment was to determine which – if any – fungi contaminated either the 
whole or ground milk thistle achenes, available on the Polish market. 
Methods: The mycological analyses were performed on 200 achenes, using deep-freeze blotter method. 
Ground material was assessed using agar test method. For each sample, 10 Petri dishes were used. The mate-
rial was applied in five places per one Petri dish, with a micro scoop laboratory spatula. Then, Petri dishes 
with achenes and ground material were incubated at 20°C under alternating cycles of 12 h NUV light and 
12 h darkness. The identification of fungi was performed using stereo microscope and compound micro-
scope, if necessary. 
Results: The milk thistle achenes were infested with following fungi: Alternaria alternata, Alternaria sp., 
Aspergillus flavus, Aspergillus spp., Bipolaris sp., Cladosporium spp., Epicoccum nigrum, Fusarium spp., 
Melanospora simplex, Mucor spp., Penicillium spp., Phoma sp., Rhizopus stolonifer, Sarocladium strictum, 
Stemphylium botryosum, Trichothecium roseum, Ulocladium consortiale and Verticillium sp. Among them A. 
alternata predominated. Whereas, milled milk thistle achenes were occupied by Aspergillus flavus, A. niger, 
Aspergillus spp., Fusarium sp., Mortierella spp., Mucor spp., Penicillium spp. and R. stolonifer. 
Conclusion: Considering the significant fungal contamination of milk thistle achenes-based dietary sup-
plements, it seems reasonable to introduce a system of achene control due to possible microbiological con-
tamination.
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INTRODUCTION

Milk thistle (Silybum marianum (L.) Gaertn.) have 
been known and used as a medicinal plant since an-
tiquity. The Greek naturalist Theophrastus was the 
first to desribe the plant in the 6th century BC, call-
ing it “Pternix”. Later references can be found in Di-
oscurides’ Materia Medica and in the works of Pliny 
the Elder (1st century AD), among others [1]. 

Milk thistle is an annual plant belonging to 
Asteraceae family, native to the Mediterranean re-
gion. Among European countries, Poland and 
Czech Republic are the most important producers 
of raw material and medicinal preparations based 
on thistle achenes extract. The cultivation covers 
1500–2000 ha area in Poland, and 700–4000 ha in 
Czech Republic [2, 3]. The herbal raw material of 
milk thistle is achene, which contains silymarin. In 
recent years, healthy properties of milk thistle – or 
more accurately – silymarin contained in achenes, 
have been extensively studied. Silymarin is a com-
plex of flavonolignans, compounds classified as fla-
vonoids. The main component of silymarin is sily-
bin, which exists in two diastereoisometric forms 
A and B. Moreover, the complex includes other fla-
vonolignans: isosylibin, also in two diastereoisomet-
ric forms A and B, sylichristin and silydianin [1, 4]. 

Flavonolignan complex, shows a  regenerating 
and stabilizing effect on liver cells. The protective 
effect of silymarin is based on several mechanisms. 
Silymarin acts as an antioxidant and stabilizes the 
intracellular environment and subcellular struc-
tures. It inhibits the uptake of toxins by liver cells 
(hepatocytes) by binding to proteins and membrane 
receptors. It also has anti-inflammatory effects and 
inhibits fibrosis processes in liver [5].

Bijak et al. [6] reported that silybin, silychristin 
and silydianin in concentrations of up to 100 µM do 
not cause any cytotoxicity and genotoxicity effects 
on cells, and that is why they protect cellular mito-
chondria. However, supplements based on thistle 
achenes can be colonised by microscopic fungi that 
produce mycotoxins. Alternaria alternata, Fusarium 
spp. and Penicillium spp. are among the most com-
monly detected fungi [7]. 

Dietary supplements with thistle achene extract are 
among best-selling pharmaceuticals of plant origin in 

the United States and the European Union [8]. The 
quality of achenes is very important, we can only talk 
about health benefits of milk thistle in the diet when 
they are free of microbiological contaminations.

The goal of the experiment was to determine 
which, if any, fungi contaminated either whole or 
ground milk thistle achenes available on the Polish 
market.

MATERIAL AND METHODS

The experimental material consisted of thistle 
achenes bought in retail stores in Poznań. Five dif-
ferent samples of achene (marked as 1A, 2A, 3A, 4A 
and 5A) were chosen. Additionally, three samples 
of ground thistle fruit (marked as 1G, 2G and 3G) 
available in pharmacies were used. Each sample was 
bought from a different company, all of them were 
distributed as a dietary supplements.

The deep-freeze blotter method, recommended 
by Rosińska et al. [9], was used to carry achene 
health. Mycological analysis was performed on 
200 achenes (four replicates of 50) from each sam-
ple. Achenes were placed in Petri dishes on six layers 
of moist blotting paper, 10 per dish, for two days, 
at 20°C in darkness, then transferred in –20°C for 
24 h and then incubated for next seven days at 20°C 
under alternating cycles of 12 h NUV light and 
12 h darkness. Alternating periods of dark and NUV 
light promoted the sporulation. 

Fungal colonization of ground thistle achenes 
was assessed using the agar test. For each sample, 
10 Petri dishes were used. The ground material was 
applied on the surface of agar with a  micro scoop 
laboratory spatula. A single application was 0.005 g. 
The material was applied in five places per one Petri 
dish. Ground achenes were placed on the surface 
of solidified PDA (potato dextrose agar medium, 
Merck) with addition of 100 ppm of streptomycin 
sulphate to prevent the development of bacteria. 
Petri dishes with ground material were incubated 
for 7 days under alternating cycles of 11 darkness 
and NUV light at 20°C.

In deep-freeze blotter test method the fungi 
were identified on the basis of their growth and 
sporulation characteristics. In agar test method, 
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identification of fungi was based on the appearance 
of their colonies and sporulation [10-12]. The iden-
tification was performed using stereo microscope 
and compound microscope, if necessary.

Ethical approval: The conducted research is not 
related to either human or animal use.

RESULTS AND DISCUSSION

Milk thistle achenes were infested with numerous 
fungi: Alternaria alternata (Fr.) Keissler, Alternaria 
sp., Aspergillus flavus Link, Aspergillus spp., Bipola-
ris sp., Cladosporium spp., Epicoccum nigrum Link, 
Fusarium spp., Melanospora simplex (Corda), Mucor 
spp., Penicillium spp., Phoma sp., Rhizopus stoloni-
fer (Ehrenb.) Vuill, Sarocladium strictum (W. Gams) 
Summerb., Stemphylium botryosum Wallr., Tricho-
thecium roseum (Pers.) Link ex S.F. Gray, Ulocladium 
consortiale (Thüm) E. Simmons and Verticillium sp. 
Among them A. alternata predominated (tab. 1). All 
mentioned saprotrophic and potentially pathogenic 

fungi were previously isolated from the milk thistle 
sowing material [9, 13, 14]. The studies mentioned 
above indicated that the fungus A. alternata was 
found in the majority of samples. Whereas, ground 
milk thistle achenes were occupied by Aspergillus 
flavus, A. niger (Tiegh.), Aspergillus spp., Fusarium 
sp., Mortierella spp., Mucor spp., Penicillium spp. 
and Rhizopus stolonifer (tab. 2, fig. 1). Addition-
ally, on the sample 2G bacteria were observed. The 
achenes differed in quantitative abundance of previ-
ously mentioned fungi. A. alternata was present on 
the achenes of all tested samples, at the level from 
17.5 to 99%. Sample 1 A  was also highly infested 
with Cladosporium spp. (40.5%), E. nigrum (47.5%) 
and Verticillium spp. (65.5%). These fungi infest 
seeds or fruit during vegetation season and harvest. 
However, the abundance of fungi decreases during 
storage. The amount of these fungi is reduced due 
to the change in the relative humidity of the seeds. 
They are usually replaced by typical storage fungi 
as Aspergillus spp. and Penicillium spp. [15]. In the 
case of sample 2A, the achenes were colonized by 
the storage fungi A. flavus (74.5%) and Penicillium 

Table 1.
Occurrence of fungi, non-sporulating hyphae and achenes free of fungi (%)

Fungus
Achene sample

1A* 2A 3A 4A 5A
Alternaria alternata (Fr.) Keissler 99.0 37.0 27.5 98.5 17.5
Alternaria sp. – 2.5 15.0 – 2.0
Aspergillus flavus Link – 74.5 – – 1.5
Aspergillus spp. – – – – 9.5
Bipolaris spp. – – 0.5 – 0.5
Cladosporium sp. 40.5 1.5 2.0 16.5 2.5
Epicoccum nigrum Link 47.5 1.0 – 4.0 2.0
Fusarium spp. 9.5 1.5 0.5 3.0 –
Melanospora simplex (Corda) 10.5 – – 6.0 0.5
Mucor spp. 2.5 25.5 24.5 – 3.5
Penicillium spp. – 62.5 2.5 1.0 11.0
Phoma spp. – 1.0 – 2.5 –
Rhizopus stolonifer (Ehrenb.) Vuill 0.5 – – – 0.5
Sarocladium strictum (W. Gams) Summerb – 0.5 – 0.5 –
Stemphylium botryosum Wallr. 1.5 – – – –
Trichothecium roseum (Pers.) Link ex S.F. Gray – 5.5 1.0 1.5 –
Ulocladium consortiale (Thüm) E. Simmons – 16.5 – – 0.5
Verticillium spp. 65.5 – 0.5 – –
Non-sporulating hyphae 12.0 – 13.0 1.0 16.0
Achenes free of fungi – – 26.5 – 42.0

*achene samples
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Table 2.
Occurrence of fungi and bacteria (%) on ground achene material after 7 days of incubation

Fungus
Sample 

1G* 2G 3G
Alternaria alternata (Fr.) Keissler – 2.0 –
Aspergillus flavus Link 6.0 6.0 6.0
Aspergillus niger (Tiegh.) – 4.0 26.0
Aspergillus spp. 12.0 2.0 40.0
Cladosporium sp. – 2.0 2.0
Fusarium spp. 2.0 – –
Mortierella spp. – – 52.0
Mucor spp. 56.0 – 2.0
Penicillium spp. 52.0 – 4.0
Rhizopus stolonifer (Ehrenb.) Vuill 32.0 – 14.0
Bacteria – 96.0 –

*ground achene material samples  

   

Figure 1.
Fungi on the ground achene material after 7 days of incubation

spp. (62.5%). The presence of these fungi in such 
high quantities may indicate that inadequate storage 
conditions. The storage fungi develop when humid-
ity in the store is in the range from 65% to 90%. The 
source of the storage fungi inoculum can be seeds 
themselves, infected with these fungi, mechanical 
impurities or infected plant residues found in the 
mass of seeds [16]. 

Tournas et al. [17] determined the mycological 
quality of the milk thistle dietary supplements from 
the US market. They reported that 88% of whole 

achenes, 100% of ground achenes, 57% of cut herb 
and 100% of herb powder samples were contami-
nated with potentially toxigenic fungi. The most 
frequently isolated fungi belonged to Aspergillus 
genus and Alternaria alternata. In present experi-
ment, ground achenes are also colonised by fungi to 
a greater extent. This may indicate a secondary fun-
gal contamination during technological processes, 
i.e. handling, processing and packing.

In this study, fungi of the Aspergillus and Peni-
cillium genera were also found in ground thistle 
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achenes. Aspergillus flavus was present in all tested 
samples of ground achenes and two samples of 
whole achenes. This fungus produces a  second-
ary metabolite called aflatoxin B1, highly toxic and 
carcinogenic for humans and animals. In herbal 
products, the permissible maximum level of afla-
toxin B1 is 2.0 μg∙kg1 and 4.0 μg∙kg-1 of the sum of 
aflatoxins: B1, B2, G1 and G2, according to the Com-
mission Regulation (EC) No. 1881/2006 [18] and 
European Pharmacopoeia [19]. Tournas et al. [20] 
tested 83 different milk thistle-based dietary sup-
plements, such as whole and powdered achenes 
obtained from organic cultivation, ground and 
powdered thistle herb, teas, alcohol and oil extracts 
of achenes. The high-performance liquid chroma-
tography (HPLC) revealed the presence of aflatox-
ins in 19% of the supplements tested, at concen-
trations ranging from 0.04 to 2.0 μg∙kg1. However, 
these values do not exceed the permissible maxi-
mum level of the aflatoxin B1 for wheat kernels. 

Arroyo-Manzanares et al. [21] used ultrahigh 
performance liquid chromatography (UHPLC) and 
detected trichothecenes (toxins HT-2 and T-2 tox-
ins) and zearalenone produced by fungi belonging 
to Fusarium genus in thistle achenes and their ex-
tracts. These mycotoxins were the most frequently 
found in the milk thistle dietary supplements [22]. 
HT-2 toxin, T-2 toxin and zearalenone were found 
in 92, 96 and 89% of analyzed supplements, respec-
tively. In present experiment the incidence of Fusar-
ium spp. was not higher than 9.5% for achenes and 
2% for ground achenes.

Determination of bacterial species composition 
was not the aim of the experiment, but in sample 
2G up to 96% of grounded thistle achenes were 
contaminated with some bacteria. Such high con-
tamination was a probable cause of reduced fungal 
growth on PDA medium. It could be interesting to 
find out which species of bacteria contaminated 
the achenes.

CONCLUSIONS

The fungal contamination of the achenes varied de-
pending of sample. The high colonisation of whole 
and ground achenes by toxigenic fungi, i.e. Alter-
naria alternaria, Aspergillus spp., and Penicillium 
spp., can be disturbing. The secondary metabolites 
of these fungi should not be present in food or di-
etary supplements because of their harmful effects 
on human health. Dietary supplements available on 
the Polish market include valuable silymarin, but it 

should be noticed that the present of toxigenic fungi 
significantly reduce health benefits. Considering 
the significant fungal contamination of milk thistle 
achenes based dietary supplements, it seems reason-
able to introduce a system of achene’s control due to 
possible microbiological contamination.
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