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Prevalence of microscopic fungi in bee pollen
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One of the  problems with storing bee products  –  pollen  –  is 
their microbiological pollution. With high levels of pollen con-
tamination by microscopic fungi, toxins synthesized by the fungi 
of some genera can have a  negative impact on human health. 
During the  experiment, the  prevalence of microscopic fungi 
in pollen was evaluated, and their genera and species were 
identified. Pollen samples were collected at different times of 
the year – spring and summer – in order to ascertain the abun-
dance and diversity of different fungal genera and species. The di-
lution method (CFU/g) was used to determine the  number of 
fungal strains per sample and their amount. The  total number 
of fungal strains in the pollen collected in spring ranged from 
1.3 to 5.7 × 10–3 CFU/g, in summer –1.0 to 5.8 × 10–3 CFU/g. In 
the  pollen, 11 genera and six species of fungi were identified. 
The number of fungal genera and species in pollen collected in 
spring and summer varied insignificantly. In spring, ten genera 
and six species of fungi were isolated from pollen, and in sum-
mer 11 genera and six species were identified. Penicillium and 
Alternaria fungi dominated the bee pollen.
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INTRODUCTION

Plant pollen collected by bees is considered 
one of the  most complete food items in nature 
(Petrovic  et  al., 2014). According to the  struc-
tural components of pollen, there is no other 
product that could substitute them (Gendro-
lis, 2012). Pollen contains about 200 different 
substances (including proteins, carbohydrates, 
flavonoids, enzymes, trace elements, abundant 
amino acids and vitamins (Deveza  et  al., 2015; 
Kieliszek et al., 2018)). Bee pollen is delivered as 
a healthy food supplement and a dietary product 
(Hassan, 2011).

An important criterion of the  standard of 
pollen quality is microbiological contamination. 
The quality of pollen collected by bees is highly 
dependent on environmental factors that affect 
the  activity of microscopic fungi and bacteria 
(Xue et al., 2014). Microscopic fungi, which are 
always abundant in the  environment, begin to 
develop as soon as favourable humidity and tem-
perature conditions are formed. They are capable 
of growing at a  temperature of 10–40°C when 
water activity (aw) ranges from 0.62 to 1 (Petro-
vic  et  al., 2014). Fresh pollen collected by bees 
has high humidity level because it is highly hy-
groscopic. Under favourable conditions, pollen 
may become a  rich medium for the multiplica-
tion of microorganisms that utilize amino acids 
of pollen as the main source of carbon for energy 
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production during their growth (DeGrandi-
Hoffman et al., 2013).

Microscopic fungi are a very diverse, viable, 
and active group of microorganisms that are 
capable of active synthes and release of toxic 
metabolites of various chemical nature into 
the  environment (Lugauskas, 2006). There is 
a  growing concern about contamination of 
food by mycotoxins, and pollen is not an ex-
ception. Mycotoxins are secondary metabolites 
produced by a number of fungal species: Fusar-
ium, Aspergillus, Alternaria and Penicillium 
(Akond et al., 2012). Each type of fungi is char-
acterized by its specific metabolites, the inten-
sity of synthesizing of which is determined by 
the nature of the  individual, and the environ-
ment in which the  processes of toxin synthe-
sis take place (Lugauskas, 2006). The cause of 
the occurrence of mycotoxins depends on such 
factors as humidity, temperature, storage time, 
level of contamination, presence of impurities, 
and transport (Birck et al., 2006). Since the my-
cotoxins formed cannot be eliminated, it is very 
important to avoid food contamination with 
mold (Gompa, 2013).

Microscopic fungi under natural condi-
tions are very difficult to control (Finola et al., 
2007). They are very widespread in nature and 
have different spores resistant to various en-
vironmental influences that pollute not only 
pollen, but can also enter honey together 
with the pollen (Popa et al., 2009). Therefore, 
it is very important to find out which spe-
cies of fungi predominate in pollen, because 
some fungi are potential mycotoxin produc-
ers, while others, although not producing 
toxic metabolites, can cause allergic reactions 
(Estevinho  et  al., 2011). Often the  impact of 
fungi on the environment is negative. There-
fore, in order to achieve a  balance beneficial 
to humans in nature, their activity needs to be 
limited, regulated, and directed towards being 
useful (Lugauskas et al., 2002).

The aim of the research was to investigate 
the  occurrence of microscopic fungi at dif-
ferent times of the year in pollen collected by 
bees and to identify the genera and species of 
the fungi.

MATERIALS AND METHODS

In the  study, 46 pollen samples collected in 
spring and summer from the same apiary fami-
lies were investigated. Spring pollen was col-
lected in the third decade of May, and summer 
pollen in the third decade of August. The col-
lected pollen samples (50 g) were placed in ster-
ile plastic bags. The pollen, dried down to 8.0% 
humidity, was stored in the  freezer at –15°C 
until the mycological analysis.

The dilution method (CFU/g) was used to 
determine the  number and amount of fungi 
on the surface and inside the sample (LST ISO 
6611: 2004). Microscopic fungi were isolated 
by adding 10  g of ground pollen to 90  ml of 
physiological saline (NaCl, 8.5 g/l) and shaking 
in a  shaker for 15  min (at 400  rpm). A  series 
of dilutions were prepared from the  resulting 
suspension. One millilitre of 10–2, 10–3, and 
10–4 suspensions were dispensed in Petri dishes 
(8 cm diameter) on which the Potato Dextrose 
Agar (PDA) medium was infused. For extract-
ing the yeast, 0.1 ml of 10–1, 10–2, and 10–3 sus-
pensions were spread in Petri dishes over a sus-
pended Sabur Dextrose Agar (SDA) medium 
and dispersed with a Drigalski lens.

All cultures were performed in triplicate. 
Petri dishes with cultures were maintained for 
5–7 days in a  thermostat at 26 ± 2°C, and for 
the  isolation of yeast the  plates with cultures 
were maintained for 2–4 days. The grown fungi 
were counted and evaluated as colony-forming 
units per gram of bee pollen (CFU/g). Mor-
phological features of the colonies of the raised 
fungi were evaluated macroscopically (colony 
occurrence) and examined by light micros-
copy. Separate fungal colonies were purified to 
monocultures and identified by cultural and 
morphological features based on various de-
scriptors (Domsch et al., 1980; Ellis, 1971; 1976; 
Gerlach et al., 1982; Nelson et al., 1983).

The number of colony-forming units (CFU) 
per 1 g of product were determined as follows: 
N = ΣC/(n1 + 0.1 n2) xd, where: ΣC – the amount 
of colonies counted on all plates selected 
for evaluation; n1  –  number of the  first dilu-
tion plates with 10 to 300 colonies counted; 
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n2 – number of the second dilution plates with 
10 to 300 colonies counted; d – the dilution fac-
tor corresponding to the first dilution, the plates 
of which were selected for colony counting (LST 
ISO 6611: 2004).

RESULTS AND DISCUSSION

In spring and summer, nine genera of micro-
scopic fungi of the mitochondrial fungi (Deu-
teromycota, Hyphomycetes class) prevailed in 
the pollen collected by bees: Acremonium, Al-
ternaria, Aspergillus, Botrytis, Cladosporium, 
Fusarium, Mucor, Penicillium, Mycelia sterilia. 
Among the identified fungi, at one of the iden-
tified genera belonged to the classes of Zygomy-
cetes (Mucor, Rhizopus  spp.) and Ascomycetes 
(yeast) (Table 1).

During the  study, the  dependence of pol-
len contamination by fungi at the  time of its 
collection (spring, summer) was determined. 
The total number of microscopic fungal strains 
in the  pollen collected in spring and summer 
was similar, ranging from 1.3 to 5.7 and 1.0 
to 5.8  ×  10–3  CFU/g–1, respectively (Table  1). 
Fresh pollen collected by bees contains a lot of 
moisture (Gendrolis, 2012), and the amount of 
microscopic fungi in the  substrate is depend-
ent on its amount (Logrieco, 2004). According 

to research carried out in Lithuania (Virketis, 
1993), the greatest amount of moisture in fresh-
ly collected pollen was found in summer, and it 
was the driest in autumn.

In the collected spring pollen, ten genera and 
six species were isolated, and fungi belonging 
to 11 genera and six species were identified at 
the end of summer. Penicillium (33.33%), Alter-
naria (18.18%), Mucor (15.15%) and Aspergil-
lus (10.03%) genera prevailed in the pollen col-
lected in spring, while the summer pollen was 
dominated by Alternaria (38.89%), Penicillium 
(21.88%), Mucor (12.5%), and Cladosporium 
(12.5%). The amounts of Acremonium, Botrytis, 
and Fusarium fungi were the lowest in different 
seasonal samples.

In the  spring samples of pollen, the  most 
frequently occurring was the  Penicillium ge-
nus – 33.33%. Contamination of pollen samples 
by this genus amounted to 5.7 × 10–3 CFU/g and 
was the highest in comparison to other identi-
fied fungal genera. Studies by Gonzales  et  al., 
2005; Finola et al., 2007, showed that the fungi 
of the  genus Penicillium were predominant in 
pollen. The Penicillium genus was not so abun-
dant in the pollen collected in the summer: its 
occurrence amounted to 21.88%, which com-
prised 4.5  ×  10–3  CFU/g. Penicillium spp. is 
found wherever organic material is available. 

Table  1 .  The levels of fungal contamination of bee pollen (CFU/g)

Fungi
Fungal contamination (CFU/g–1)

Spring pollen Summer pollen
Acremonium spp. 1.3 × 104 1.2 × 104

Alternaria spp. 3 × 103 5.8 × 103

Aspergillus spp. 1.9 × 103 2.0 × 103

Botrytis spp. 1.3 × 104 1.0 × 103

Cladosporium spp. 1.6 × 104 2.5 × 104

Fusarium spp. 1.6 × 103 1.4 × 103

Mucor spp. 2.7 × 103 2.5 × 103

Penicillium spp. 5.7 × 103 4.5 × 103

Rhizopus spp. – 1.0 × 103

Yeast 2.3 × 103 1.5 × 103

Mycelia sterilia 1.0 × 103 1.4 × 103

* Cfu/g−1 – colony forming units per gram of bee pollen
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It was found that this genus is most commonly 
detected in honey (Kačaniova, 2007). Low aw 
may explain the  frequent occurrence of this 
fungus in pollen (Gonzalez, 2005).

Penicillium verrucosum is a  species of the 
Penicillium genus that is most frequently found 
in spring pollen (Table  2). This species was 
found in 27.27% of pollen samples examined. 
However, this species was not characterized by 
the most frequent occurrence in the pollen col-
lected in summer. P. verrucosum was isolated in 
16.78% of pollen and was the third most abun-
dant fungus. Penicillium isolates in food raw 
materials should be considered as potential my-
cotoxin producers (Leistner, 1984). Consider-
ing the potential mycotoxin producing species, 
P. verrucosum is one of those producing ochra-
toxin A, which has carcinogenic, teratogenic, 
and immunosuppressive properties. Ochra-
toxin also has an effect on the immune system, 
reproductive function, and the activity of genes 
(Bucheli, Taniwaki, 2002).

Studies have shown that the fungi of the As-
pergillus genus in the pollen collected in spring 
and summer were not abundant. They were 
identified in 10.03% of spring and in 10.10% of 
summer pollen samples.

Aspergillus flavus was found in 9.09% of 
spring pollen, and in 8.02% of summer samples. 
The species of the Aspergillus genus – A. fumi-
gantus and A. flavus – produce aflatoxins, which 
are among the most harmful mycotoxins. They 
are toxic, carcinogenic, and mutagenic (Ben-
nett, 2010; Krnjaja  et  al., 2013). Examination 
of pollen samples collected in summer showed 

that contamination by A.  niger fungus com-
prised 1.0%. Apart from aflatoxin, A. niger can 
also produce fumonisin B2. Fumonisins cause 
toxicosis and are considered carcinogens (Mo-
gensen et al., 2010).

Fusarium fungi in the examined pollen sam-
ples were not dominant. The number of fungal 
strains in the collected spring pollen samples 
comprised 9.09% (1.6  ×  10–3  CFU/g), and in 
summer samples 8.91% (1.4  ×  10–3  CFU/g). 
Favourable conditions for Fusarium  spp. oc-
currence require a substrate containing about 
60% of the available water (Llorens et al., 2004), 
possibly influencing the spread of this fungus 
in the  dried pollen. In the  study, two most 
common Fusarium spp. species – F. gramine-
arum (5.18%) and F.  sporotrichioides (2.09%) 
were identified. Toxic fungi are divided into 
field and storage fungi. Fusarium is the main 
genus of the  field fungi which produce tox-
ins, while Aspergillus and Penicillium  spp. 
belong to the  storage fungi (Logrieco, 2004). 
The  occurrence of Fusarium spp. was not as 
pronounced as in the  studies conducted in 
2016 by Nardoni et al. Unlike Aspergillus and 
Penicillium, whose occurrence requires atten-
tion in all stages of pollen storage and process-
ing, Fusarium  spp. is not significant at these 
stages (Nardoni, 2016). However, improper 
drying and prolonged storage of pollen may 
provide favourable conditions for the growth 
of Fusarium spp. and the biosynthesis of my-
cotoxins. Rodríguez-Carrasco, 2013, isolated 
Fusarium  spp. mycotoxins from improperly 
dried pollen.

Table  2 .  The occurrence of fungi on bee pollen

Fungi
Occurrence, %

Spring pollen Summer pollen
Alternaria alternata (Fr.) Keissl. 10.18 20.81

Aspergillus flavus Link. 9.09 8.02
Aspergillus niger Tiegh. – 1.0

Cladosporium cladosporioides (Fresen.) G. A. de Vries 6.18 22.22
Fusarium sporotrichioides Sherb. 2.09 4.08
Fusarium graminearum Schwabe 5.18 –
Penicillium verrucosum Dierckx 27.27 16.78
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In the  pollen samples collected in the 
spring of 2008, Alternaria  spp. comprised 
18.18%, whereas in summer pollen its preva-
lence was relatively high: it was the most fre-
quently identified genus with an occurrence 
of 38.89%. The  representative of this genus 
A.  alternata had a  prevalence of 20.81% in 
pollen samples, which was by 10.63% higher 
than in the  spring samples. Alternaria alter-
nata, one of the most commonly encountered 
in the Alternaria genus, is the one which most 
abundantly produces mycotoxin alternariol 
(Kononenko et al., 2015). In 2011, Kačaniova 
found that Alternaria sp., Mycelia sterilia and 
Aspergillus candidus are often found in honey, 
with an occurrence of 1.0  ×  102  CFU/g−1 to 
4.50 × 103 CFU/g−1.

A  higher amount of yeast was detected 
in spring than in summer pollen. Although 
some authors (De-Melo et al., 2015) find their 
amounts ranging from 96.6% to 57.7%, others 
(Nardoni et al., 2016) failed to detect any iso-
lates in the examined specimens.

Fungi of other genera (Acremonium, Mucor 
Cladosporium) were not extensively abundant. 
Almost all of the  samples examined had fun-
gi of the Mucor genus. This is one of the most 
common fungal genera in both spring and 
summer samples, with isolates of 2.7  ×  103 
and 2.5  ×  103  CFU/g–1, respectively. The  oc-
currence of Acremonium genera in the  pollen 
was insignificant. Pollen collected at the  end 
of summer contained a higher amount of Cla-
dosporium  spp. as compared to spring pollen. 
Cladosporium fungi are present in the environ-
ment on substrates of various chemical com-
position, their spores are often found in humid 
air (Deveza et al., 2015). In the studies, C. cla-
dosporioides was one of the  most frequently 
isolated micromycetes in pollen collected at 
the end of summer.

Storage conditions are very important for 
the  quality standards of pollen (Kačaniova, 
2012). Humidity and temperature are the main 
factors that determine the  occurrence and 
the  amount of microscopic fungi in this bee 
product. In freshly collected pollen, humid-
ity ranges from 20% to 30% (Bogdanov, 2004), 

in dried ones from 2% to 9% (Gonzalez et al., 
2005). The humidity of improperly dried or un-
suitably stored pollen promotes fungal activity 
(Bobis et al., 2010).

CONCLUSIONS

In this study, the  majority of isolates were 
classified as saprotrophs that are capable of 
growing on different substrates under favour-
able conditions. Due to the  contained nutri-
ents, pollen is a particularly good substrate for 
microorganisms. Studies have shown that pol-
len collected in different seasons was equally 
abundantly contaminated by microscopic 
fungi. The  amount of fungi and the  structure 
of the genera isolated from pollen showed that 
they included the  genera Penicillium, Alter-
naria, Fusarium, and Aspergillus that can pro-
duce toxins which can adversely affect the qua-
lity of this exceptional and curative product. 

Studies by different authors have shown that 
contamination of pollen by microscopic fungi 
is unavoidable when storing it in the conditions 
of high relative humidity at room temperature. 
Therefore, in order to reduce the  contamina-
tion of pollen by micro-organisms, it should be 
properly prepared for storage and stored in ap-
propriate conditions.
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MIKROSKOPINIŲ GRYBŲ PAPLITIMAS 
BIČIŲ SURINKTOSE ŽIEDADULKĖSE

Santrauka
Viena iš bičių produktų, žiedadulkių, sandėliavimo 
problemų – jų mikrobiologinė tarša. Esant didelei 
mikroskopinių grybų taršai žiedadulkėse, kai kurių 
genčių grybų sintetinami toksinai gali turėti neigia-
mos įtakos vartotojų sveikatai. Eksperimento metu 
buvo įvertintas mikroskopinių grybų paplitimas bi-
čių žiedadulkėse bei nustatyta grybų gentinė ir rū-
šinė sudėtis. Ištirti 46 bičių žiedadulkių mėginiai, 
surinkti skirtingu sezono laiku (pavasarį ir vasarą). 
Siekiant nustatyti mėginyje esančius grybų pradus 
bei jų kiekį, naudotas skiedimo metodas (KSV/g). 
Bendras mikromicetų pradų skaičius pavasarinėse 
žiedadulkėse svyravo nuo 1,3 iki 5,7 × 10–3 KSV/g, 
vasarinėse – nuo 1,0 iki 5,8 × 10–3 KSV/g. Tyrimų 
metu žiedadulkėse buvo nustatyti 11 genčių ir 6 
rūšims priklausantys grybai. Pavasarį ir vasarą 
rinktų žiedadulkių genčių ir rūšių skaičius mažai 
skyrėsi. Pavasarį surinktose žiedadulkėse buvo 
išskirta 10 genčių ir 6 rūšims priklausantys grybai, 
vasarą – 11 genčių, tarp jų identifikuotos 6 rūšys. 
Žiedadulkėse vyravo Penicillium ir Alternaria spp. 
grybai.
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