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ABSTRACT

Scientists around the world are focusing their interest on the use of probiotics in honey bees as an
alternative method of prophylaxis against causative agents of both American and European foulbrood.
In our study we tested inhibitory activity against Paenibacillus larvae and the biofilm formation activity
by various lactic acid bacteria isolated from honey bee guts or fresh pollen samples in the presence of
different sugars added to the cultivation media. In addition, we tested the probiotic effect of a newly
selected Apilactobacillus kunkeei V18 in an in situ experiment in bee colonies. We found antibacterial
activity against P. larvae in four isolates. Biofilm formation activity of varying intensity was noted in six
of the seven isolates in the presence of different sugars. The strongest biofilm formation (OD570 ≥ 1)
was noted in A. kunkeei V18 in the presence of fructose; moreover, this isolate strongly inhibited the
growth of P. larvae under laboratory conditions. Inhibition of P. larvae and Melissococcus plutonius by
A. kunkeei V18 in situ was confirmed in a pilot study.
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INTRODUCTION

Lactic acid bacteria (LAB) are a group of Gram-positive, non-spore-forming cocci or rods
which produce lactic acid as the major product of carbohydrate fermentation. These bacteria
are common commensals of the gut and other body surfaces in humans, animals and insects
(Mathialagan et al., 2018). Moreover, they have the ability to produce different types of
exopolysaccharides which are classified, according to their composition, as homo-
polysaccharides and heteropolysaccharides (Badel et al., 2011). Bacterial exopolysaccharides
offer a large set of physicochemical and biological properties. These include adhesives hiding
the bacterial surface, adhesiveness for interactions with other bacterial surfaces, protection
against environmental or antibiotic effects, and structural stabilisation in biofilm (Sutherland,
1972). The presence of different extracellular saccharides in a bacterial environment can
cause changes in the physicochemical properties of a constant surface, which in turn leads to
indirect changes in the formation of biofilms (Khangholi and Jamalli, 2016). The term biofilm
is used to describe a structured community of bacterial cells enclosed in a self-produced
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polymeric matrix that is adherent to an inert or living sur-
face (Costerton et al., 1999). Biofilm is involved in bacterial
communication and defence mechanisms. In addition, it can
protect microorganisms against several stress conditions as
well as antimicrobial agents (Simoes et al., 2009). Biofilm-
like communities of the gastrointestinal tract containing
beneficial lactobacilli may have a protective role (Kubota
et al., 2008). Survivability and colonisation in the digestive
tract are regarded as critical factors for the optimal health-
promoting physiological function of probiotics (Kaushik
et al., 2009).

Probiotic bacteria are defined as ‘live microorganisms
which, when administered to a host in adequate amounts,
confer them health benefits’ (FAO/WHO, 2002). These or-
ganisms must tolerate low pH and other conditions to sur-
vive in the gut (Ramasamy et al., 2010). The characteristics
that microorganisms must posses to be called effective
probiotics may include their capacity to increase the number
of beneficial microorganisms in the gastrointestinal tract
and, at the same time, to decrease the impact of pathogenic
microorganisms present without causing alterations that will
trigger pathology. After proving that potential probiotic
strains are safe, and that they possess antimicrobial activity,
assays in cellular and animal models are performed. Finally,
when all requested requirements are fulfilled, it is possible to
start production of the probiotic product (Lee and Salminen,
2008).

The use of probiotics in honey bees has become more
common in recent years. Preventive application of anti-
biotics to livestock has been banned in the EU since 2006
(Regulation 1831/2003/EC; European Commission, 2003).
Unlike some countries in North and South America or
Asia, the therapeutic use of antimicrobials in honey bees
is forbidden in many EU countries by relevant laws (OIE,
2013; e.g. Law No. 39/2007 Coll. of the National Council
of the Slovak Republic on Veterinary Care). Probiotics
appear to be an effective method to combat infectious
diseases such as European and American foulbrood. The
inhibitory effect of probiotics against Paenibacillus larvae,
the causative agent of American foulbrood, has been
described in many studies (Alippi and Reynaldi, 2006;
Forsgren et al., 2010; Mudro�nov�a et al., 2011; Al-Ghamdi
et al., 2018).

However, the development of probiotic products should
not be limited to the inhibition of pathogens. Microbial
safety of the honey bee products, treatment duration, sea-
sonality of use, cost-effectiveness, and ease of use for bee-
keepers are the main factors which must also be taken into
account during the development of probiotic preparations
(Alberoni et al., 2016).

Based on this information we decided to test the biofilm-
forming activity of LAB isolated from the gut of honey bees
and fresh pollen samples in the presence of different sugars
in media, to test their antibacterial activity against P. larvae
in vitro and then to prepare a probiotic preparation with the
potential probiotic strain showing the best properties and
test it in a pilot experiment on P. larvae-positive honey bee
colonies.

MATERIALS AND METHODS

Microorganisms and growth conditions

The strains of LAB used in the present study were isolated
from the digestive tracts of healthy adult honey bees at the
Department of Microbiology and Immunology of the Uni-
versity of Veterinary Medicine and Pharmacy in Košice,
Slovakia. Bee guts (0.5 g) were crushed in sterile saline (4.5
mL) and inoculated onto de Man-Rogosa-Sharpe agar
(MRS; Merck, Germany) and grown at 37 8C anaerobically
(Gas Pak Plus, BBL Microbiology Systems, USA) for 48 h.
Other strains were isolated from fresh pollen samples (0.5 g
of sample dissolved in 4.5 mL of saline). Overall, four strains
were isolated from the gut of adult bees (isolates V12, V18,
V19, Z1), and two strains from pollen samples (P3, P4). All
strains were identified biochemically using API® 50CH test
(BioM�erieux, France). The tests were performed according
to the manufacturer’s instructions. The autochthonous
honey bee probiotic strain Lactobacillus brevis B50 Biocenol
(CCM 8618) described in our previous paper (Mudro�nov�a
et al., 2011) was also included. This strain, when applied to
hives, showed strong inhibitory activity against P. larvae,
improved the condition and immunity of bee colonies and
also stimulated the production of antimicrobial peptides in
the intestines of bees (Kuzyšinov�a et al., 2012; Maruš�c�akov�a
et al., 2020).

The identification of Apilactobacillus kunkeei V18
(formerly designated as Lactobacillus kunkeei) was
confirmed using MALDI-TOF MS. A single colony from
MRS agar was used for the analysis, and the preparation was
performed according to Ferreira et al. (2011). Data (raw
spectra) received from Microflex LT instrument (Bruker
Daltonics GmbH, Germany) using FlexControl software
(version 3.0) was imported into Biotyper software version
3.0 (Bruker Daltonics GmbH, Germany, database version
3.3.1.0) and analysed by standard pattern matching with
default settings without any user intervention.

In vitro inhibitory activity against Paenibacillus larvae

Inhibitory activity of LAB bee isolates was tested using
modified disc assay. Sterile paper discs (6 mm in diameter;
BBL Microbiology Systems, Becton Dickinson, USA) were
placed onto the surface of MRS agar (20 mL/plate) and 10
mL of the appropriate isolate was pipetted onto the discs. The
plates were incubated as described above for 48 h. Then the
discs were removed from the surface of MRS agar and the
plates were exposed to chloroform vapour for 30 min, then
the vapour was exhausted over a 2-h period. The plates were
overlaid with 3 mL of 0.7% MYPGP agar (yeast extract 15 g,
K2HPO4 3 g, sodium pyruvate 1 g, D(þ) glucose 2 g, agar for
bacteriology 7 g L�1, pH 7.2), and inoculated with 300 mL of
overnight culture of P. larvae CCM 4488 and incubated
aerobically at 37 8C for 24 h. After incubation, the diameters
of the inhibition zones were measured. For each strain an
arithmetic mean of zone diameters from three measure-
ments was calculated. The tested isolates were divided into
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non-inhibiting to weakly inhibiting (<10 mm), moderately
inhibiting (10 mm ≤ zone ≤ 16 mm) and strongly inhibiting
(>16 mm).

In vitro biofilm assay

Modified MRS broth (peptone 10 g, beef extract 8 g, yeast
extract 5 g, sugar 20 g, sodium acetate trihydrate 3 g,
K2HPO4 2 g, triammonium citrate 2 g, MgSO4 0.2 g, MnSO4

0.05 g L�1, pH 6.2) with the addition of different sugars (D-
glucose, sucrose, lactose, D-fructose, maltodextrin, and
maltose; Sigma–Aldrich, USA) was used for biofilm assay. A
modified version of the previously described method
(O’Toole et al., 1999) was used to test biofilm formation.
Fifty mL of bacterial suspension (McFarland standard 1) was
transferred to 5 mL of appropriate sugar-containing broth,
and subsequently 200 mL of this culture was pipetted into the
microtitre plates (Greiner ELISA 8 Well Strips, 350 mL, Flat
Bottom, Medium Binding; Cruinn Diagnostics Ltd., Ireland)
and incubated at 37 8C for 24 h. After incubation the su-
pernatant was gently removed by aspiration, and the indi-
vidual wells were washed with distilled water 5 times. After
washing and drying at room temperature for 30 min, the
biofilm was stained with 0.1% crystal violet in an iso-
propanol–methanol–PBS solution (1:1:18 V/V) (200 mL per
well, 30 min, room temperature). Then the crystal violet was
aspirated again, and the wells were washed thoroughly with
distilled water three times. After drying for 30 min at room
temperature, the dye bound to the adherent biofilm was
extracted using 200 mL of 30% acetic acid per well. An
aliquot of 150 mL from each well was taken and placed in a
new microplate for OD determination at 570 nm using the
Synergy� 4 Multi-Mode Microplate Reader (BioTek, USA).
Each strain was tested in three independent experiments
with eight biological replicates. Additionally, a sterile culture
medium was always included as negative control to ensure
that the influence of the biofilm formation was not attrib-
uted to a nonspecific binding effect to crystal violet. Biofilm
formation was categorised as highly positive (OD570 ≥ 1),
low-grade positive (0.1 ≤ OD570 < 1), or negative (OD570 <
0.1). The results are expressed as means ± standard de-
viations (SD).

Determination of the growth dynamics of A. kunkeei
V18 in the presence of different sugars

The growth dynamics of A. kunkeei V18 were evaluated in
the presence of sucrose, lactose, and fructose added to the
modified MRS broth (as described above). A volume of
50 mL of the bacterial suspension (McFarland standard 1)
was transferred to 5 mL of appropriate broth. The culture
(200 mL) was pipetted into the microtitre plate (Greiner
ELISA 8 Well Strips, 350 mL, Flat Bottom, Medium Binding;
Cruinn Diagnostics Ltd., Dublin, Ireland) and incubated at
37 8C for 24 h. Optical density (OD) at 570 nm using
Synergy� 4 Multi-Mode Microplate Reader (BioTek, USA)
was measured every 4 h. The isolate was tested in three
independent experiments with eight biological replicates.
The results are expressed as means ± SD.

Preparation of diet supplements for a pilot in vivo
study

Pure pollen suspension was prepared from 50 g of dried
multifloral bee pollen from a pesticide-free area and 450 mL
of autoclaved tap water. For the preparation of probiotic
supplement, A. kunkeei V18 was cultivated in MRS broth
(Merck, Germany) at 37 8C overnight. The overnight culture
of lactobacilli was centrifuged at 700g for 15 min and the
sediment was washed twice in sterile saline solution. The
prepared pellet was resuspended in pollen suspension con-
taining also 1% of D-fructose to stimulate growth and bio-
film formation and the final concentration of lactobacilli was
108–109 CFU/mL.

Fast testing for the presence of the causative agents of
American and European foulbrood

All colonies were tested at each collection for the presence of
P. larvae with the AFB test kit (Vita, UK) and also for the
appearance of Melisococcus plutonius, the causative agent of
European foulbrood (EFB) with the EFB test kit (Vita, UK).
The tests were performed on 5 samples from the affected
combs according to the manufacturer’s instructions. The
presence of P. larvae was confirmed by microbiological
cultivation on MYPGP agar as described below.

Experimental design and sampling

Twelve colonies from one apiary in eastern Slovakia were
selected for a pilot in vivo study, where the presence of
P. larvae was detected in adult bees, but without clinical
signs of American foulbrood (AFB). The experiment was
performed during the summer season (June–July). These
hives were divided into three groups. The probiotic group
was fed A. kunkeei V18 in pollen suspension (n 5 4). Pure
pollen suspension was applied to the pollen group (n 5 4)
and the control group did not receive any supplement (n 5
4). Supplements were applied to the colonies directly into
the empty honeycombs, once a week for three subsequent
weeks. The application dose for one colony was 500 mL of
pollen suspension with or without lactobacilli. Samples were
collected before the first application of supplements (0th
sampling) and then every week for 3 weeks (1st–3rd sam-
pling). Samples consisted of approximately 20 young adult
bees from each colony. The digestive tracts of bees (0.5 g)
were extracted for microbiological cultivation.

Microbiological analysis

Homogenised samples of digestive tracts were diluted with
saline solution and plated onto MRS agar (Merck, Germany)
to determine counts of LAB, Endo agar (Himedia, India) to
count enterobacteria (ENT), blood agar composed of
Columbia agar (Oxoid, UK) with 5% defibrinated sheep
blood to count total aerobes, and MYPGP agar to detect the
presence of P. larvae. After inoculation, the MRS plates were
incubated anaerobically (GasPak Becton Industries, UK) and
also aerobically at 37 8C for 48 h for counting A. kunkeei.
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Endoagar and blood agar were incubated aerobically at 37 8C
for 24 h and MYPGP plates aerobically at 37 8C for 5 days.
The bacterial counts were expressed in log10 of CFU/g of
intestinal content ± SD.

Statistical analysis

The data were analysed with GraphPadPrism version 3.00
(GraphPad Software, USA). For the evaluation of biofilm
assay, one-way analysis of variance (ANOVA) was used,
followed by post-hoc Tukey’s multiple comparison test. For
other analyses two-way ANOVA was used, with subsequent
post-hoc Tukey’s test to analyse statistical differences in time
and between groups.

RESULTS

Identification of microorganisms

The isolates obtained from bee guts were identified by the
API® 50CH test as Streptococcus salivarius subsp. thermo-
philus V12, Apilactobacillus kunkeei V18, Levilactobacillus
brevis V19, Lactobacillus delbrueckii subsp. delbrueckii Z1,
and the isolates from pollen as Lactobacillus brevis P3 and
Leuconostoc mesenteroides subsp. mesenteroides P4. The
identification of A. kunkeei V18 was confirmed by MALDI-
TOF MS with a score value of 2.136, whereby scores ≥2.0 are
considered high-confidence (secure) species identification.

Inhibition of Paenibacillus larvae

The inhibitory activity of honey bee LAB against P. larvae
CCM4488differed significantly among isolates. Three isolates
showed no antimicrobial activity against the pathogen, while
three others, and the probiotic strain L. brevis B50, were found
to exert a strong inhibitory effect on P. larvae (Table 1).

In vitro biofilm assay

The formation of biofilm differed among the tested isolates
of LAB and in the presence of different sugars. S. salivarius
subsp. thermophilus V12 showed medium-degree production
of biofilm (OD570 5 0.11) after the addition of maltose to the
medium, but not after the addition of other sugars (Fig. 1a).
High ability to form biofilm (OD570 ≥ 1) was observed in
A. kunkeei V18 in MRS broth supplemented with fructose,
which was significantly higher in comparison with all other
sugars tested (P > 0.001). Medium-degree biofilm-forming
activity was found after the addition of lactose, glucose and
maltodextrin to the broth, and no biofilm-forming activity
was noted in the presence of sucrose and maltose (Fig. 1b).
The addition of glucose and fructose to the media caused a
moderate level of biofilm formation in L. brevis V19, while
other sugars did not have this ability (Fig. 1c). Lactobacillus
delbrueckii subsp. delbrueckii Z1 formed a biofilm only in the
broth supplemented with sucrose (Fig. 1d). Lactobacillus
brevis P3 and L. brevis B50 Biocenol� CCM 8618 showed
a middle-degree production of biofilm in the presence of
maltose (Fig. 1e and f). Leuconostoc mesenteroides subsp.

mesenteroides P4 was not able to form biofilm in the presence
of any of the sugars tested (Fig. 1g).

The growth dynamics of A. kunkeei V18 with fructose,
sucrose and lactose

The best growth of the isolate was noted in the presence of
fructose with the highest growth speed between the 12th and
20th hour. The growth dynamics found in the presence of
lactose were similar up to the 16th hour, then the isolate
grew significantly slower than in the presence of fructose (at
both 20 and 24 h; P > 0.001). The weakest growth of
A. kunkeei V18 was observed after the addition of sucrose to
the medium (log phase between the 20th and the 24th h;
Fig. 2).

Microbiological screening in the pilot in vivo study

The influence of administration of the probiotic preparation
and pure pollen suspension on the intestinal microbiota of
honey bees was evaluated on the basis of the counts of LAB
incubated anaerobically and also aerobically (for the evalu-
ation of A. kunkeei), the counts of ENT and the counts of
total aerobic bacteria. In all three samplings we noted
significantly lower counts of ENT and total aerobes in the
probiotic group than in the pollen and the control groups
(Fig. 3a and b). Between the 0th and the 1st sampling, in the
probiotic group we recorded a significant decrease of ENT
and total aerobe counts (in both cases: P < 0.001) and, on the
other hand, an increase of LAB counts, especially aerobically
cultured LAB counts, which correspond to the representa-
tion of A. kunkeei (Fig. 3c and d). The LAB to ENT ratio is a
widely recognised indicator of intestinal microbial health.
We observed a significantly higher ratio (P < 0.001) at all
three post-application samplings in the probiotic group than
in the control and the pollen groups (Fig. 3e). The most
important finding was that P. larvae was not detectable on
MYPGP agar from the 2nd sampling in the probiotic group.

Fast testing for AFB and EFB

Before the experiment (0th sampling), the presence of
P. larvae was confirmed by the AFB test in all colonies.

Table 1. Antibacterial activity of honey bee LAB isolates against
Paenibacillus larvae CCM4488 expressed as an average of

inhibition zone diameters in cm ± standard deviation (SD) (n 5 3)

Isolate
Diameter of inhibition

zones (cm ± SD)

Streptococcus salivarius subsp.
thermophilus V12

0

Apilactobacillus kunkeei V18 4.2 ± 0.12
Levilactobacillus brevis V19 0
Lactobacillus delbrueckii subsp.
delbrueckii Z1

0

Lactobacillus brevis P3 4.3 ± 0.17
Leuconostoc mesenteroides subsp.
mesenteroides P4

3.3 ± 0.17

Lactobacillus brevis B50 4.6 ± 0.14
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Moreover, in one colony we detected M. plutonius and this
colony was included in the probiotic group. Like the culti-
vation, the AFB test was repeatedly negative in all probiotic
group hives on days 14 and 21 after the first application of
the probiotic supplement. In the control and the pollen
groups, the presence of the pathogen was detected until the
end of the experiment. Interestingly, M. plutonius also dis-
appeared from the digestive tract of bees after 3 weeks of
administration of the probiotic preparation, and the EFB test
was negative.

DISCUSSION

There is a growing interest in the use of probiotics as an
alternative method for the prevention of infectious honey
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Fig. 1. Biofilm-forming activity (OD570nm) lactic acid bacteria isolated from of honey bee and pollen: (a) Streptococcus salivarius
subsp. thermophilus V12, (b) Apilactobacillus kunkeei V18, (c) Levilactobacillus brevis V19, (d) Lactobacillus delbrueckii subsp.
delbrueckii Z1, (e) Lactobacillus brevis P3, (f) Lactobacillus brevis B50, and (g) Leuconostoc mesenteroides subsp. mesenteroides

P4. Statistical differences: significantly different from: a – sucrose, b – fructose, c – lactose, d – glucose, e – maltose, f – maltodextrin;
1 – P > 0.05, 2 – P > 0.01, 3 – P > 0.001

Fig. 2. Growth dynamics of Apilactobacillus kunkeei V18 in the
presence of fructose, sucrose or lactose in the cultivation medium
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bee diseases, such as the American or European foulbrood
(Daisley et al., 2020). Probiotics are able to influence the
composition of the gut microbiome, and the immune
response of honey bees is similar to that of mammals
(Maruš�c�akov�a et al., 2020). However, the efficacy of pro-
biotics is closely related to their ability to inhibit the patho-
gens. Many authors have confirmed the antagonistic action of
different bacterial species against P. larvae, the causative agent
of American foulbrood (Alippi and Reynaldi, 2006; Forsgren
et al., 2010; Mudro�nov�a et al., 2011; Al-Ghamdi et al., 2018).
The strong antibacterial activity was already confirmed in
probiotic strain L. brevis B50 Biocenol (CCM 8618), which
was used in this study as a reference strain. We found out that
two tested isolates – A. kunkeei V18 and L. brevis P3 – possess
a comparatively strong inhibitory activity similar to L. brevis
B50, while Leu. mesenteroides subsp.mesenteroides P4 showed
significantly weaker but still strong anti-P. larvae activity
(P < 0.01–0.001). The other isolates – S. salivarius subsp.
thermophilus V12, Lev. brevis V19 and L. delbrueckii subsp.
delbrueckii Z1 – did not inhibit P. larvae.

Another critical requirement for a good probiotic strain
is its ability to colonise and survive under the conditions of
the host’s digestive tract. Biofilm formation by probiotic
bacteria is considered to be a beneficial property, since it can

promote colonisation and prolong persistence on the gut
mucosa of the host by avoiding colonisation by pathogenic
bacteria (Terraf et al., 2012). The formation of biofilm by a
probiotic strain favours the development of new technolo-
gies, e.g. encapsulation to maintain the viability of probiotics
and allow them to arrive in intact form to their target site, or
lyophilisation, which helps to prolong the storage of pro-
biotics. A study performed by Olson et al. (2018) demon-
strated a significant increase in biofilm formation by
Lactobacillus reuteri on dextranomer microspheres by add-
ing maltose and sucrose to the substrate. We noted biofilm
activity with maltose added to the broth with three isolates:
S. salivarius subsp. thermophilus V12, L. brevis B50 Bio-
cenol� and L. brevis P3; on the other hand, L. delbrueckii
subsp. delbrueckii Z1 was not able to grow in the medium
with added maltose, but in the MRS broth supplemented
with sucrose evident biofilm formation activity was recorded
(OD570 5 0.21). Physicochemical conditions (temperature,
pH, sugar compounds) are effective facilitators of biofilm
formation (Giovannacci et al., 2000). In a study performed
by Yang et al. (2006), which focused on the effect of sugars
and antimicrobial substances on oral microbial biofilm for-
mation, the authors demonstrated that sucrose increased
biofilm formation more significantly than glucose, fructose,

Fig. 3. Influence of the application of probiotic Apilactobacillus kunkeei V18 in pollen suspension and pure pollen suspension on the counts
of: (a) total aerobes, (b) enterobacteria, (c) lactic acid bacteria (LAB), (d) aerobically growing LAB corresponding to A. kunkeei expressed as
log10 cfu/g, and (e) ratio of LAB to ENT in the digestive tracts of honey bees. a – significantly different from the probiotic group, b –

significantly different from the control group; p – P < 0.05, pp – P < 0.01, ppp – P < 0.001

350 Acta Veterinaria Hungarica 68 (2020) 4, 345–353



galactose, and lactose. In our study we found strong biofilm
formation (OD570 5 1.3) by A. kunkeei V18 after the
addition of fructose to the MRS broth. Such strong biofilm-
forming activity in the fructose-containing medium can be
explained by the fact that A. kunkeei belongs to the group of
fructophilic lactic acid bacteria (FLAB). The species is
differentiated from other lactobacilli based on its poor
growth in glucose-containing media, better growth in the
presence of oxygen, and the production of high concentra-
tions of acetate from the metabolism of fructose (Maeno
et al., 2016). Our strain V18 grows very poorly under
anaerobic conditions, and therefore we had to determine its
counts after aerobic cultivation. In addition, we tested the
growth of A. kunkeei V18 for 24 h with sucrose, fructose, and
lactose added to the medium. We detected statistically signifi-
cant differences in time and also between sugars (P > 0.001).
The best growth of the isolate was recorded in the presence of
fructose, while the worst in the medium supplemented with
sucrose. The log phase of growth was between the 12th and
16th hours with fructose and lactose.

Although lactose-derived prebiotics have unique bio-
logical and functional values, and they are also confirmed as
‘safe’ for use in humans and animals (Nath et al., 2018),
using lactose as a prebiotic factor is excluded in honey bees
because of its toxicity to the bee colonies, which was
confirmed in a study performed by Peng (1981), where
significantly higher mortality (P < 0.05) occurred in bees fed
with lactose than in control bees. The failure of bees to
utilise lactose therefore suggests the absence of emulsion
(Phillips, 1927). Although lactose can also be found in the
pollen in small amounts, it does not cause mortality of
honey bees in nature, because the toxic dose is diluted to safe
levels by sucrose (Barker, 1977). In our experiment, we
observed biofilm formation after adding lactose to the
growth medium only in the case of A. kunkeei V18, but
because of the toxicity of lactose to bees, we do not
recommend its use in probiotic preparations intended for
honey bees.

In the study performed by Leathers and Bischoff (2011)
investigating the biofilm-forming activity of various Leuco-
nostoc spp., the authors proved that not every strain of
Leu. mesenteriodes is capable of producing biofilm. This
feature can be explained by the study performed by Badel
et al. (2011) which showed a crucial role of dextran, which
is required for biofilm formation. In our research, the isolate
of Leu. mesenteroides subsp. mesenteroides P4 did not show
biofilm formation activity in the presence of any of the
sugars tested.

Based on previous results, we decided to perform a pilot
in vivo study with the strain A. kunkeei V18 showing the
best probiotic properties and biofilm-forming activity in the
presence of fructose. For these reasons, we applied the
probiotic suspension in situ to the colonies where we
recorded the occurrence of P. larvae, but without clinical
signs. We even isolated M. plutonius in one hive. Due to the
organisational structure of the bee colonies in modern
beekeeping, the transmission of diseases is rapid, mainly
through infected food or via nurse worker bees which feed

the brood; therefore, reduction of the pathogenic microbiota
in adult bees also leads to a reduction in brood infections.
Patruica and Mot (2012), who fed honey bees with the
probiotic strain Lactobacillus acidophilus LA-14 for three
weeks, observed a significant reduction in total aerobe
counts in the digestive tracts of bees, accompanied by a
significant increase in lactobacilli as compared with the
control. In our study we also detected a significant reduction
of enterobacteria and total aerobe counts and a significant
increase of LAB in the probiotic group in comparison with
the control bees and with the group fed pure pollen sus-
pension. The LAB to ENT ratio was also significantly higher
in the probiotic group (P < 0.001) at all three post-appli-
cation samplings. Daisley et al. (2020) studied the effect of A.
kunkeei BR-1 administered to bees experimentally infected
with P. larvae, and they confirmed the reduction of the
pathogen in the colonies. Arredondo et al. (2018) evaluated
the potential beneficial effect of A. kunkeei on larvae and
adult bees by decreasing the mortality associated with P.
larvae infection in larvae, and the counts of Nosema ceranae
spores from adult honey bees. In our experiment, we
confirmed the inhibitory effect of A. kunkeei V18 on P.
larvae tested in a previous in vitro experiment, as we ob-
tained negative results in AFB fast tests and by cultivation on
MYPGP agar 14 and 21 days after the first application of the
probiotic supplement. In the control and the pollen groups
the pathogen was detected by both methods throughout the
experiment. In the tested apiary we found only one colony
positive for M. plutonius, but without the clinical signs of
EFB. After the application of probiotic A. kunkeei V18
pollen suspension for 3 weeks, M. plutonius was not
detectable in the intestines of adult bees. Only few studies
have investigated the inhibitory effect of LAB on M. pluto-
nius (Killer et al., 2014; Wu et al., 2014), but both were
performed only under in vitro conditions.

In this study we tested the biofilm-forming activity of
honey bee and pollen LAB isolates and their inhibitory effect
on P. larvae, as the most important prerequisites for their
further probiotic use. We found out that biofilm formation is
species and strain specific and can be modulated by the addi-
tion of various saccharides. Almost every isolate used in our
study was able to form biofilm in the presence of the correct
sugar. Apilactobacillus kunkeei V18 showed the strongest
biofilm-forming activity potential after the addition of fruc-
tose. In addition, it was one of the three isolates that most
strongly inhibited the honey bee pathogen P. larvae. Based on
these results, we performed a pilot in vivo test in situ, on honey
bee colonies positive for the presence of the causative agent of
American foulbrood,where this isolate reduced thepresence of
P. larvae 2 weeks, and in one positive hive also the presence of
M. plutonius 3 weeks after the first application of the pollen
suspension containing A. kunkeei V18. However, these pre-
liminary results should be verified in further experiments.
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