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Summary

Introduction: Pathogenic fungi decrease the quality of commercially available medicinal plants and pack-
aged seeds. Some of fungal pathogens can produce mycotoxins harmful to human health. 
Objective: To evaluate the health status of commercially available medicinal plants and check if packaged 
seeds of these plants are free from pathogenic fungi. 
Methods: An experiment was conducted on potted plants of lemon balm, peppermint and sweet basil, 
commercially available and intended for direct use by consumers. For microbiological analyses, 100 stems 
and leaves of each species were randomly taken. Furthermore, the health of 100 seeds of each species was 
examined using agar plate method. 
Results: Ten species and genera of pathogenic fungi were isolated from shoots, leaves and seeds of investi-
gated plants. Some of them are toxin-forming species. Lemon balm was the most infected species. 
Conclusion: Bearing in mind the health of consumers, more attention should be paid to the microbiological 
purity of commercially available medicinal plants and packaged seeds.
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INTRODUCTION

Plants have been utilized as medicines throughout 
human history. Nowadays, people have been search-
ing for natural products supplementing and improv-
ing their diet. Medicinal plants (MPs) are used as 
a source of biologically active compounds with thera-
peutic properties. The most popular herbs are lemon 
balm (Melissa oficinalis L.), mint (Mentha piperita 
L.), and sweet basil (Ocimum basilicum L.), belong-
ing to Lamiaceae family. They are extensively applied 
to cure neurological diseases [1] and digestive system 
problems [2].

M. officinalis is a  herbal remedy used to treat 
anxiety and insomnia, attention deficit-hyperactiv-
ity disorder (ADHD), elevated blood pressure and 
irregular heartbeat due to nervousness [3]. Fresh 
herbs contain phenolic compounds, l-ascorbic acid, 
carotenoids, flavonoids and terpenoids. Due to the 
high content of flavonoids in leaves this herb has an-
tioxidant properties. Lemon balm due to its health 
promoting properties, apart from medical use, is 
also increasingly used as an ingredient in supple-
ments and functional foods [4] 

M. piperita is one of the most widely consumed 
single ingredient of herbal teas used in traditional 
medicines. The phenolic constituents of the leaves 
include rosmarinic acid and several flavonoids. The 
main volatile components of the essential oil are 
menthol and menthone [5]. Peppermint has a relaxa-
tion effect on gastrointestinal tissue, analgesic and an-
aesthetic effects in the central and peripheral nervous 
systems, immunomodulating actions and chemopre-
ventive potential. Studies in humans concerning the 
respiratory tract and analgesic effects of peppermint 
oil and its constituents have been reported [6]. 

O. basilicum is a popular herb due to its pleasant 
aroma and taste but it also has a beneficial effect in 
gastric diseases. Sweet basil contains functional in-
gredients such as phenolic acids (chlorogenic, p-hy-
droxybenzoic, caffeic, ferulic, vanillic, cinnamic and 
rosmarinic) and flavonoids (quercetin,  naringenin, 
rutin) [7]. This herb is commonly used for stomach 
problems such as spasms, loss of appetite and intesti-
nal gas. Recent scientific research has investigated the 
health benefits associated with essential oils of basil. 
Studies reveal the antioxidant, anti-microbial, anti-
viral, and anti-cancer properties of the oils [8].

People often buy commercially available ready-
made herb seedlings or grow them as amateurs on 
balconies or in home gardens. Therefore, the qual-
ity of the seeds and seedlings is very important. We 
can only talk about the health benefits of herbs in the 
diet if they are free of microbiological contamination, 

especially of pathogenic fungi. Fungal pathogens, 
while overgrowing plant tissues, damage secretory 
tissue, which cause a decrease in the amount of essen-
tial oil contained in infected plants and changes the 
composition of volatile fractions in plants [9]. Some 
microscopic fungi mainly these belonging to genera 
Fusarium, Aspergillus, Penicillium and Alternaria can 
strongly decrease the quality of MPs by biosynthesiz-
ing mycotoxins [1]. Mycotoxins are highly toxic sec-
ondary metabolic products of fungi, harmful to hu-
man health. 

Today, potted lemon balm, mint and sweet basil 
plants as well as seeds for their production are read-
ily available in various hypermarkets. However, the 
health of these plants is sometimes questionable, they 
often show symptoms of disease or die off and con-
sumers cannot assess the reasons for this phenom-
enon.

The aim of this study was to evaluate the species 
composition of fungi infecting commercially avail-
able peppermint, lemon balm and sweet basil, as well 
as to check if packaged seeds of these plants are free 
from pathogenic fungi.

MATERIAL AND METHODS

An experiment was conducted on potted medicinal 
plant species commercially available in hypermar-
kets and intended for direct use by consumers. Three 
medicinal species were investigated as follows: sweet 
basil (Ocimum basilicum L.), peppermint (Mentha x 
piperita L.) and lemon balm (Melissa officinalis L.). 
For microbiological analyses, 20 pots (of 10 from 
2 different batches) with plants of each species were 
used. First, plants were visually assed for the presence 
of the disease symptoms such as: leaf wilting, discol-
orations and etiological sings on aboveground part 
of plants. Then, 5 stems and 5 leaves were randomly 
taken from each pot, one hundred stems and leaves of 
each species in total.

For the test of the seed material of the abovemen-
tioned species, packaged seeds from one German and 
one Polish seed company, commonly used in amateur 
crop breeding, were used. 

Plant material used for mycological analysis was 
disinfected by soaking in 1% solution of sodium hy-
pochlorite for 1 min. and finally rinsed with distilled 
water. The disinfected leaves were cut into 2-3 mm 
long pieces and the stems into 0.5 mm long frag-
ments. Sections of tissues were placed into Petri dish-
es containing potato dextrose agar (PDA) medium 
amended with streptomycin at 100 µg ml-1 and incu-
bated within 5 days at 25°C. The mycelium growing 
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out from the plant fragments was transferred to fresh 
PDA medium in order to obtain pure cultures. Syn-
thetic nutrient-poor agar (SNA) medium was used 
for Fusarium species identification.

To assess the health of seeds, agar plate method was 
applied. One hundred seeds (of 50 from two different 
companies) of each species was surface disinfected 
with 1% sodium hypochlorite for 5 min., rinsed with 
distilled water and placed into Petri dishes containing 
PDA medium. The plated seeds were incubated for 
7 days at 25°C under 12 alternating cycles of light and 
darkness. The Petri dishes were monitored every day 
to check the growth of fungal colonies from seeds and 
to obtain pure cultures.

Fungi growing out from stems, leaves and seeds 
were identified based on colony characters and 
morphology of sporulating structures according to 
available monographs [10, 11].

Ethical approval: The conducted research is not re-
lated to either human or animal use.

RESULTS AND DISCUSSION

The analysis of commercially available potted me-
dicinal plants showed that some of these plants 
should be withdrawn from the market. The health 
of packaged seeds intended for sowing by amateurs 
was also questionable. 

Visual evaluation of the stems and leaves of basil, 
mint and lemon balm plants showed the presence of 
brown discolorations, mycelium and spores on some 
plants. Isolates of fungi representing 10 species and 
genera were obtained from examined parts of medic-
inal plants. The greatest number of isolates came from 
leaves, while slightly fewer from stems (tab. 1, 2, 3). 

Table 1.
Fungal species isolated from lemon balm and percentage of infected plant parts 

Fungal species
Percentage of plant parts infected by pathogenic fungi [%]

stem leaves seeds
Alternaria alternata 16 27 18
Botrytis cinerea 1 8 13
Fusarium culmorum 4 – 9
Fusarium equiseti 9 – –
Septoria melissae – 4 –
Ulocladium atrum 5 3 3

Table 2.
Fungal species isolated from peppermint and percentage of infected plant parts

Fungal species
Percentage of plant parts infected by pathogenic fungi [%]

stem leaves seeds
Alternaria alternata 9 16 8
Botrytis cinerea – 3 6
Fusarium culmorum 4 – –
Fusarium oxysporum 6 – –
Puccinia menthae – 2 –

Table 3.
Fungal species and genera isolated from sweet basil and percentage of infected plant parts 

Fungal species
Percentage of plant parts infected by pathogenic fungi [%]

stem leaves seeds
Alternaria alternata 5 9 8
Botrytis cinerea 4 6 2
Cladosporium sp. 4 5 –
Fusarium oxysporum 6 – –
Penicillium sp. – – 3
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All three studied species and their seeds were in-
fested by polyphagous fungi: Alternaria alternata, 
Botrytis cinerea and also stems of different species of 
Fusarium genus. The scientific literature lacks data 
on the health of commercially available MPs and 
packaged seeds but in the field experiments similar 
results were obtained [12].

M. officinalis was the most infected species 
(tab.1). In addition to the species listed above, single 
isolates of S. melissae and U. atrum were obtained in 
this study, while in field crops S. melissae is often the 
dominant species [13].

M. piperita was infested by fungi to a lesser extent 
than lemon balm (tab. 2). Five species of pathogenic 
fungi were isolated from the mint plant material: 
A. Alternata, B. cinerea, F. culmorum, F. oxysporum 
and P. menthae. The A. alternata species was most 
severely observed on the stem, leaves and seeds. The 
leaves were most severely affected by this fungus 
species. The presence of B. cinerea has been demon-
strated on seeds and on mint leaves. The mint leaves 
were also affected by the species Puccinia menthae, 
which causes mint rust. Fusarium fungi were iso-
lated only from stems. The occurrence of these spe-
cies of fungi was found on many mint plantations in 
various regions of Poland [14]. Therefore, it is very 
important to observe the principles of proper agri-
cultural technology (e.g. proper crop rotation, fer-
tilization) in order to eliminate this problem. It is 
important because the spores of fungal pathogens, 
as shown by the conducted research, occur on com-
mercial raw material. 

O. basilicum was the most microbiologically pure 
of the MPs studied. However, there are some patho-
gens that could cause stem and leaf damage espe-
cially in high humidity conditions when sweet basil 
is very sensitive (tab 3). 

The species A. alternata is a  pathogen that can 
infect basil stems, leaves and seeds under favorable 
weather conditions [15]. The tests showed the pres-
ence of this pathogen on all these parts of the plant. 
The B. cinerea species has also been isolated from 
all parts of the plant. The presence of fungi of the 
genus Cladosporium has been observed on leaves 
and stems. Fungi of the species F. oxysporum were 
present on the stems. Transmission of this species by 
seeds has been described in previous studies [16]. In 
addition, the presence of Penicillium fungi was ob-
served on sweet basil seeds. It is a species that may 
have appeared as a  result of inadequate storage of 
the seed material.

The most frequent pathogens isolated from pack-
aged seeds were A. alternata and B. cinerea, which 

is reflected in the literature [10]. Some seeds were 
colonized by two or more pathogens simultane-
ously. Depending on the species of MPs, fungi were 
isolated from 2-18% of the analysed seeds.

Results of mycological analysis showed that stems 
and leaves of examined lemon balm, peppermint 
and sweet basil plants were colonized by a complex 
of pathogens, among which species capable of my-
cotoxin biosynthesis (Fusarium spp., Penicillium sp., 
A. alternata) are of particular concern. Mycotoxins 
are toxic compounds that are naturally produced by 
certain fungi. In MPs, exposure to mycotoxins can 
happen directly by eating infected plant parts or in-
fusions. Most mycotoxins are chemically stable and 
survive food processing. It is known that more than 
300 of these fungal metabolites are toxic to humans.

Some isolates of Fusarium spp. are able to produce 
a range of different toxins, including trichothecenes 
and fumonisins. Isolates of Fusarium oxysporum ob-
tained from sweet basil can form both moniliformin 
(MON) and fumonisin B1 (FB1) [17]. A. alternata 
can produce tenuazonic acid (inhibitor of protein 
synthesis) and alternariol (teratogen and mutagen) 
[18]. In addition, the spores of Alternaria spp. are 
a strong allergen, so in some cases, an apparent al-
lergy to herbs may actually be an allergy to this fun-
gus. Species of the Penicillium genus can biosynthe-
size penicillin acid, citrinin and patulin which can 
have a carcinogenic effect [19].

Studies have shown that in some cases people 
who want to naturally support the treatment of their 
ailments may be exposed to pathogenic fungi and 
their toxins. In view of steadily increasing demand 
of MPs quality and for the health of consumers, 
higher attention should be paid to the microbio-
logical purity of commercially available medicinal 
plants and packaged seeds.

CONCLUSIONS

1. Commercially available potted MPs and package 
seeds can be infected by pathogenic fungi.

2. Some of these fungi are able to biosynthesise my-
cotoxins harmful to the health of consumers.

3. Herbs with visible diseases symptoms should not 
be used.

4. Growing MPs with package seeds on your own 
seems to be a  bit safer than using potted herbs 
available in supermarkets, sometimes badly 
stored and diseased.

Conflict of interest: Authors declare no conflict of 
interest.
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