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ABSTRACT
Bee pollen is the result of the agglutination of pollen grains collected from flowers and mixed
with nectar and salivary secretions by honey bees. Bee pollen is a natural product exposed to
environmental conditions and also provides a unique microhabitat for yeasts and bacterial com-
munities. We analyzed 30 fresh bee pollen samples obtained from the main producing areas of
Argentina to identify aerobic-spore-forming bacteria. We obtained 73 isolates belonging to 16
different species through isolation on selective and differential media, morphological and bio-
chemical tests, and PCR and RFLP analysis of genes encoding 16S rRNA. Our data revealed that
Bacillus cereus sensu stricto was the most predominant species (50%), followed by Bacillus mega-
terium (40%) and Bacillus subtilis (40%), respectively. In a minor proportion, Paenibacillus poly-
myxa (20%), Paenibacillus larvae (17%), Bacillus pumilus (13%), Bacillus licheniformis (13%),
Bacillus amyloliquefaciens (10%), Lysinibacillus sphaericus (7%), Bacillus coagulans (7%),
Rummelliibacillus stabekisii (7%), Bacillus thuringiensis (7%), Bacillus clausii (3%), Paenibacillus alvei
(3%), Bacillus simplex (3%), and Paenibacillus amylolyticus (3%) were also found. Our results
showed that Argentinean bee pollen could transmit honey bee diseases due to the presence of
viable spores of P. larvae and also spores of toxicogenic B. cereus s.s. and B. megaterium strains.
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Introduction

Honey bees (Apis mellifera L.) collect pollen from dif-
ferent flower sources during collecting trips and mix
them with nectar and salivary secretions (Bertoncelj
et al., 2018; Denisow & Denisow-Pietrzyk, 2016).
These pollen loads are referred to as bee pollen
which is stored inside the hive separately from
the nectar cells (Almeida-Muradian et al., 2005;
Rzepecka-Stojko et al., 2015). Beekeepers recover
pollen by using bee pollen traps and is, therefore, a
wild product without manipulation (Campos et al.,
2010; Denisow & Denisow-Pietrzyk, 2016).

In a recent review, pollen is described as "a new
health-oriented product" (Kieliszek et al., 2018), con-
taining proteins, carbohydrates, lipids, vitamins, min-
erals, crude fiber, flavonoids, carotenoids, enzymes,
and free amino acids (Marg�ao�an et al., 2010). Bee
pollen is also considered a functional food with
demonstrated physiological benefits as improving
health and reducing disease risk (Soares de Arruda
et al., 2017). Bee pollen may be consumed fresh or
after drying at 40–50 �C, which reduces microbial
spoilage and assure long-term stability and safety.
However, drying may potentially affect their

organoleptic features and content of polyphenols
and flavonoids. Alternatively, freezing could be used
to preserve pollen’s sensorial and nutritional charac-
teristics (Mauriello et al., 2017). Currently, researchers
have focused on utilizing bee pollen in food systems
as a functional component to enhance product qual-
ity characteristics. However, bee pollen is still a new
term in many developing countries where even the
beekeepers are unaware of their potential as healthy
food or functional ingredients, or dietary supple-
ments (Thakur & Nanda, 2020).

As being very hygroscopic, pollen’s water content is
affected by climatic conditions; therefore, a risk of
microbiological contamination, mainly by molds and
yeast, exists (Bertoncelj et al., 2018; Denisow &
Denisow-Pietrzyk, 2016). Also, due to its structure and
nutritional composition, bee pollen provides a unique
microhabitat for yeasts and bacterial communities,
mainly Proteobacteria, Actinobacteria, and Firmicutes
(Ambika Manirajan et al., 2016; Moreno Andrade et al,
2018). Within Firmicutes, spore-forming bacteria can
survive in pollen grains for several months, and some
representatives of this group are pathogens, i.e.,
Paenibacillus larvae, the causal agent of American foul-
brood disease of honey bee larvae (AFB) (de Sousa
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Pereira et al., 2019; Genersch, 2010; Gochnauer &
Corner, 1974; Moreno Andrade et al., 2019; �Sekulja
et al., 2014); Bacillus cereus, the etiological agent of
gastrointestinal diseases in humans (�Alvarez Hidalgo
et al., 2020; Fern�andez et al., 2020; Hern�andez Flores
et al., 2020; L�opez et al., 2020; Stenfors Arnesen et al.,
2008), Bacillus megaterium (�Alvarez Hidalgo et al., 2020;
Gilliam, 1979; Gilliam et al., 1990; Hern�andez Flores
et al., 2020; Hosny et al., 2018; L�opez et al., 2013;
L�opez & Alippi, 2010); and Clostridium botulinum that
produces several toxins to humans (G€uc€uko�glu et al.,
2020; Johnson & Bradshaw, 2001).

Gonz�alez et al. (2005) studying the mycobiota of
fresh bee pollen in Spain and Argentina concluded that
the most critical stage is pollen collection from traps,
mainly if the collection is delayed for a long time, favor-
ing fungal growth and mycotoxin production. Other
researches evidenced high counts of bacteria, fungi,
and yeasts in fresh bee pollen with the consequent risk
for human health (Bucio Villalobos et al., 2014; Dinkov,
2018; Fe�as et al., 2012; Puig-Pe~na et al., 2012). Several
authors stated that flowers contained a unique micro-
biota different from other aerial plant parts independ-
ent from environmental conditions and plant species-
specific (Ambika Manirajan et al., 2016; Junker & Keller,
2015; Obersteiner et al., 2016).

Within this context, the study of the microbiota of
bee pollen takes relevance to ensure fresh bee pollen’s
safety for human consumption. We have previously
investigated the microbiological and chemical charac-
terization of 36 bee pollen samples from beekeepers
of South West of Buenos Aires Province, Argentina, at
four sampling points of the production process
(Fern�andez et al., 2020). Moreover, we studied the
traceability of potential enterotoxic Bacillus cereus
strains showing that bee pollen could be contaminated
at any point in the production process, emphasizing
the importance of hygienic processing to avoid spore
contamination (L�opez et al., 2020).

The present work aimed to identify the aerobic
spore-forming species existing in the microbiota of
fresh bee pollen samples intended for human con-
sumption obtained in the main producing areas of
Argentina. We report the identification of 16 differ-
ent species of aerobic-spore forming bacterial
through isolation on selective and differential media,
morphological and biochemical tests, and PCR and
RFLP analysis of genes encoding 16S rRNA.

Materials and methods

Pollen samples and isolation of spore-
forming bacteria

A total of 30 bee pollen samples were freshly obtained
from beekeepers from different producing areas of
Argentina, i.e., Bah�ıa Blanca (N¼ 18), Villa Iris (N¼ 2),

H. Ascasubi (N¼ 1); Mar del Plata (N¼ 2); delta R�ıo de
la Plata (N¼ 1); La Plata (N¼ 1); Villarino (N¼ 1)
(Buenos Aires Province); Puerto Madryn (N¼ 2)
(Chubut Province); and Santiago del Estero (N¼ 2)
(Santiago del Estero Province) (Table 1). All the sam-
ples were transported to the laboratory and stored at
4 �C until testing within seven days of receiving.

For isolation of spore-forming bacteria, 1 g of
pollen grains per sample was mixed with 9ml of
0.01M sodium phosphate buffer saline (pH 7.2),
agitated for 40min, and filtered through Whatman
# 3 to a sterile 15-ml FalconTM centrifuge tube.
Tubes were centrifuged at 9500 g for 30min at
4 �C, and the supernatant was discarded to leave
3ml of fluid. Tubes were vortex-mixed for 2min
and thermally treated at 80 �C for 10min. Aliquots
of 100 ml each were plated by duplicate over the
surface of MYPGP agar (Dingman & Stahly, 1983)
supplemented with 6 mg/ml nalidixic acid and
10 mg/ml pipemidic acid for the isolation of
Paenibacillus larvae (de Graaf et al., 2013; OIE,
2018), and HiChrome Bacillus agar for isolation of
the rest of spore-forming bacteria, respectively.
Plates were incubated at 37 �C under microaero-
philic conditions (5% CO2 in air) for MYPGP, and
under aerobic conditions for Hichrome. Plates
were examined daily until bacterial growth devel-
oped (up to three days for Hicrome and up to
15 days for MYPGP) and colony counts were made.
The number of colonies was averaged, and the
total colony-forming units (CFUs) were calculated
per g of pollen (CFU/g).

Identification of bacterial species

Colony characteristics and media appearance in
HiCrome Bacillus agar were evaluated as previously
described (Alippi, 2019; Alippi & Abrahamovich, 2019).
The set of morphological and biochemical tests recom-
mended for the identification of spore-forming species
isolated from honey samples was used (Alippi, 2019;
Alippi & Abrahamovich, 2019). Additionally, a PCR-
RFLP assay using universal primers 27f/1492r and a
combination of AluI, CfoI, and TaqI restriction
enzymes were used to differentiate between species of
Bacillus, Paenibacillus, Brevibacillus, Lysinibacillus, and
Rummeliibacillus (L�opez & Alippi, 2019). For the identifi-
cation of Paenibacillus larvae, typical colonies grown in
MYPGP semi-selective medium, i.e., small, regular,
mostly rough, flat, or raised and whitish to beige col-
ored colonies and catalase-negative (de Graaf et al.,
2013; OIE, 2018) were selected. Genomic DNA was
extracted from bacterial colonies by using ChelexVR -100
resin (Alippi & Aguilar, 1998). Identity was confirmed by
PCR by using PL1 and PL2 primers and conditions pre-
viously described (Govan et al., 1999; OIE, 2018).
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Table 1. Sources of bee pollen, species identification, and colony-forming units (CFU) obtained per gram of sample.
Sample Geographical Origin Species CFU/g Total CFU/g

PO1 Bah�ıa Blanca (Buenos Aires) B. amyloliquefaciens 30 210
B. cereus s.s. 30
B. clausii 30

B. megaterium 30
B. pumilus 30
B. subtilis 60

PO2 Bah�ıa Blanca (Buenos Aires) B. cereus s.s. 30 60
B. megaterium 30

PO3 Bah�ıa Blanca (Buenos Aires B. cereus 30 90
B. licheniformis 30
B. megaterium 30

PO6 Bah�ıa Blanca (Buenos Aires) B. cereus s.s. 30 210
B. coagulans 30
B. megaterium 30
B. pumilus 30
B. subtilis 30
P. larvae 60

PO8 Bah�ıa Blanca (Buenos Aires) B. cereus s.s. 90 270
B. megaterium 180

PO9 Bah�ıa Blanca (Buenos Aires) B. cereus s.s. 660 660
PO10 Bah�ıa Blanca (Buenos Aires B. cereus s.s. 2,040 2070

P. larvae 30
PO11 Bah�ıa Blanca (Buenos Aires) B. cereus s.s. 630 720

P. larvae 30
P. polymyxa 30

PO12 Bah�ıa Blanca (Buenos Aires) B. megaterium 60 60
PO13 Bah�ıa Blanca (Buenos Aires B. cereus s.s. 60 90

P. polymyxa 30
PO14 Bah�ıa Blanca (Buenos Aires) B. pumilus 30 120

B. subtilis 90
PO15 Villa Iris (Buenos Aires) L. sphaericus 60 60
PO16 Bah�ıa Blanca (Buenos Aires) B. cereus s.s. 90 90
PO65 Puerto Madryn (Chubut) B. cereus s.s. 90 210

B. subtilis 120
PO66 H. Ascasubi (Buenos Aires) B. megaterium 30 60

B. subtilis 30
PO67 Bah�ıa Blanca (Buenos Aires) B. subtilis 270 300

P. larvae 30
PO68 Bah�ıa Blanca (Buenos Aires) B. amyloliquefaciens 30 60

P. polymyxa 30
PO69 Bah�ıa Blanca (Buenos Aires) B. cereus s.s. 60 90

P. larvae 30
PO70 Bah�ıa Blanca (Buenos Aires) B. cereus s.s. 60 120

B. subtilis 30
P. polymyxa 30

PO71 Delta R�ıo de La Plata (Buenos Aires) B. licheniformis 30 90
B. subtilis 30

P. polymyxa 30
PO72 Mar del Plata (Buenos Aires) B. amyloliquefaciens 30 210

B. coagulans 30
B. megaterium 30
B. pumilus 120

PO73 Santiago del Estero P. alvei 30 30
PO74 Mar del Plata (Buenos Aires) B. cereus s.s. 30 30
PO75 Santiago del Estero B. megaterium 30 210

B. subtilis 60
B. thuringiensis 30
L. sphaericus 60
R. stabekisii 30

PO76 La Plata (Buenos Aires) B. cereus s.s. 30 180
B. licheniformis 30
B. simplex 30
B. subtilis 30

B. thuringiensis 30
R. stabekisii 30

PO77 Villa Iris (Buenos Aires) B. licheniformis 60 60
PO78 Villarino (Buenos Aires) B. megaterium 60 120

B. subtilis 60
PO79 Bah�ıa Blanca (Buenos Aires) B. cereus s.s. 30 30
PO80 Bah�ıa Blanca (Buenos Aires) B. megaterium 60 120

P. amylolyticus 30
P. polymyxa 30

PO81 Puerto Madryn (Chubut) B. subtilis 30 30
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Statistics

To evaluate if the geographical origin (GO) and bac-
terial composition (BC) of the bee pollen samples
were correlated, we calculated individual sample dis-
tances for the BC data (BC distance) based on the
genetic distances defined by Huff et al. (1993). On
the other hand, to measure the physical distance
between GO, we estimated a geographical distance
(GGD) for latitude by the Mantel test of matrix cor-
respondence (Matrix, 1967; Smouse et al., 1986).
Statistical significance was determined by random
permutation, with the number of permutations set
to 1,000. All the analyses were done with GenAlEx
6.5 software (Peakall & Smouse, 2006, 2012).

Results

The quality of bee pollen is influenced by the bees at
pollen collection (Campos et al., 2010). Thus, in the
present study, a total of 30 fresh bee pollen samples
collected from the main producing areas of Argentina
were analyzed to detect the diversity of aerobic spore-
forming bacteria. We identified 73 isolates belonging
to 16 different species through isolation on selective
and differential media, morphological and biochemical
tests, and PCR and RFLP analysis of genes encoding
16S rRNA.

The combination of HiCrome Bacillus agar with a
selection of microbiological tests (Alippi, 2019; Alippi
& Abrahamovich, 2019) plus a PCR-RFLP assay (L�opez
& Alippi, 2019) were adapted for reliable identifica-
tion of al aerobic-spore forming species found in
bee pollen samples. Also, the technique used to
identify P. larvae was satisfactory for the detection of
the foulbrood pathogen in bee pollen samples.

At the bacterial species level, taking into account the
total of samples analyzed, the most abundant were
Bacillus cereus sensu stricto that was present in 50% of the
samples tested, followed by Bacillus megaterium (40%),
Bacillus subtilis (40% of the samples), Paenibacillus poly-
myxa (20%), Paenibacillus larvae (17%), Bacillus pumilus
(13%), Bacillus licheniformis (13%), and Bacillus amylolique-
faciens (10%), respectively. In a minor proportion,
Lysinibacillus sphaericus (7%), Bacillus coagulans (7%),
Rummelliibacillus stabekisii (7%), Bacillus thuringiensis
(7%), Bacillus clausii (3%), Paenibacillus alvei (3%), Bacillus
simplex (3%), and Paenibacillus amylolyticus (3%) were
also found (Table 1 and Figure 1). It is necessary to point
out that many pollen samples contained more than one
bacterial species.

We also observed a lack of correlation between bac-
terial composition and the geographical origin of bee
pollen samples. The results of the statistical analysis
demonstrated that the bacterial composition of bee
pollen samples showed a low correlation with their
geographical origin (r¼ 0.261, P¼ 0.049) (Figure 2).

The species composition per bee pollen sample is
summarized in Table 1. In nine samples, only one bacter-
ial species was present, i.e., PO9, PO16, PO74, and PO79
containing B. cereus s.s.; PO12 containing B. megaterium,
PO15 containing L. sphaericus; PO73 containing P. alvei;
PO77 containing B. licheniformis and PO81 containing B.
subtilis, respectively whereas the rest (N¼ 21) harbored
between two and six different species. Colony-forming
unit counts were also variable ranging between 30 CFU/
g (detection limit of the technique) and 2,070 CFU/g.

Discussion

We analyzed 30 fresh bee pollen samples obtained
from the main producing areas of Argentina to

Figure 1. Diversity of species of aerobic spore-forming bacteria isolated from 30 bee pollen samples from Argentina. Numbers
in the graph indicate the number of pollens containing each species.
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identify aerobic-spore-forming bacteria. We obtained
73 isolates belonging to 16 different species, i.e., B.
amyloliquefaciens, B. cereus s.s., B. clausii, B. coagu-
lans, B. licheniformis, B. megaterium, B. pumilus, B.
simplex, B. subtilis, B. thuringiensis, P. alvei, P. amyloly-
ticus, P. larvae, P. polymyxa, L. sphaericus, and R. sta-
bekisii. A lack of correlation between bacterial
composition and the geographical origin of bee pol-
len samples was observed. Some researchers also
reported that pollen microbiota is independent of
environmental conditions and plant species (Ambika
Manirajan et al., 2016; Junker & Keller, 2015;
McFrederick & Rehan, 2016; Obersteiner et al., 2016),
while others suggest that geographical distance and
mix of different pollen types influence the bacterial
composition of the samples (Moreno Andrade et al.,
2019). In a study analyzing the bacterial composition
of bee pollen and bee bread from the USA, Gilliam
(1979) found that 33 out of the 41 Bacillus isolates
obtained were B. subtilis, and the rest belonged to
Bacillus megaterium, B. licheniformis, B. pumilus, and
B. circulans, respectively. Regarding pollen from
stingless bees (Melipona fasciata), Gilliam and co-
workers only found B. megaterium (Gilliam et al.,
1990). Recently, �Alvarez Hidalgo et al. (2020) have
reported 14 different species of Bacillus and six of
Paenibacillus isolated from commercial pollen sam-
ples from Mexico. They found that the most preva-
lent species, even after treatment at high gamma
irradiation doses, were B. pumilus, B. licheniformis, B.
cereus, B. megaterium, B. subtilis, B. amyloliquefaciens,
B. vallismortis, B. endophyticus, and P. cookie; suggest-
ing that irradiation could enhance the selection of
irradiation-resistant bacterial strains (�Alvarez Hidalgo
et al., 2020). Besides, in commercial pollen purchased
in Egypt, the most radio-resistant bacteria, after
treatment of 5.0 kGy, were Bacillus megaterium,

Bacillus pumilus, and Bacillus subtilis (Hosny et al.,
2018). On the other hand, Dinkov (2018) reported
that within Bacilli, B. pumilus and B. subtilis were the
most prevalent species contaminating bee pollen; B.
pumilus contaminated both fresh and dried pollen
whereas B. subtilis was only present in fresh pollen
samples from Bulgaria. Another study, using a tRNA
Cys-PCR-based approach, examined commercial bee
pollen samples from Mexico revealing that 3% of the
endospore-forming colonies isolated from commer-
cial bee pollen were related to B. cereus s.l.
(Hern�andez Flores et al., 2020). That analysis identi-
fied members of the genus Bacillus as the most com-
mon species found in association with commercial
bee pollen, followed by Paenibacillus species. Besides
B. cereus, other identified species were B. lichenifor-
mis, B. pumilus, B. subtilis, B. sonorensis B. subtilis, B.
mojavensis, B. megaterium, B. altitudinis, B. endophyti-
cus, P. odorifer, P. chitinolyticus, P. peoriae, P. poly-
myxa and, P. rhizosphaeriae (Hern�andez Flores et al.,
2020). In Germany, B. subtilis, B. cereus L. sphaericus,
Brevibacillus brevis, and P. alvei were isolated from
grass pollen (Heydenreich et al., 2012).

The microbiota of spore-forming bacteria isolated
from bee pollen in Argentina was similar to those
reported by other authors in different countries
(Dinkov, 2018; Gilliam, 1979; Gilliam et al., 1990;
Hern�andez Flores et al., 2020; Heydenreich et al.,
2012). Nevertheless, to our knowledge, the present
study is the first report of the presence of viable
spores of B. clausii, B. coagulans, B. simplex, and R.
stabekisii in bee pollen.

It has been recorded that AFB disease of honey
bees can be transmitted between honey bee colo-
nies by feeding pollen contaminated with bacterial
spores of P. larvae (Gochnauer & Corner, 1974). Also,
other authors reported contamination of pollen with

Figure 2. Mantel test of correlation between bacterial composition (BC) and geographical origin distances (GGD) for 30 bee
pollen samples from Argentina.
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P. larvae spores in different European countries,
Mexico, and Chile (Bakonyi et al., 2003; de Sousa
Pereira et al., 2019; Moreno Andrade et al., 2019;
�Sekulja et al., 2014). However, the incidence of P. lar-
vae spores in bee pollen samples from Argentina
was higher (17%) than in those studies. A higher
incidence of spores of P. larvae in honey compared
to bee pollen should be expected. AFB spores found
in dead pupae and dried scales are spread through-
out the hive as the bees, trying to remove dead lar-
vae, contaminate brood food, and consequently,
nectar and honey stored in those cells will contain
spores (Ratnieks, 1992). Also, foraging for pollen and
nectar exposes bees to parasites that are horizontally
transmitted via flowers, including P. larvae.

According to Anjos et al. (2019), frozen bee pollen
is better than dried pollen regarding its nutritional
value. However, due to the lower microbiological con-
tamination, dried bee pollen is a safer option to use in
the human diet. Nevertheless, pollen should be tested
to comply with standards for microbiological purity
(Bogdanov, 2006). In Argentina, according to the
C�odigo Alimentario Argentino (Argentinean Food
Code), pollen should be consumed dried, should not
exceed the maximum limit of aerobic bacteria of
1.5� 105 CFU/g, and should be free from pathogenic
microorganisms (C�odigo Alimentario Argentino, 2019).

Our results showed that the microbiota of spore-
forming bacteria isolated from bee pollen in
Argentina was also similar to those reported for
honey and floral nectar by other authors (Aizenberg-
Gershtein et al., 2013; Alippi et al., 2004; Alippi &
Abrahamovich, 2019; Iurlina & Fritz, 2005; Piccini
et al., 2004; Pomastowski et al., 2019; Sinacori et al.,
2014). Also, bee pollen can carry honey bee diseases
due to the presence of viable spores of P. larvae and
also can carry spores of toxicogenic B. cereus s.s. and
B. megaterium strains which were the most abundant
species found. These results contribute to the know-
ledge of the diversity of bacteria associated with bee
pollen, emphasizing the importance of microbial
control during pollen production intended for
human consumption.
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