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Summary

This study was conducted to investigate the effect of inulin (a commercial prebiotic) on
the gut microbiota of the honeybee (Apis mellifera carnica pannonica). Some colonies
of equal strength were fed with sugar syrup or inulin supplemented syrup at different
dosages. Bee samples were collected at the beginning of the experiment and then every
two weeks until the end of the study. The intestinal tracts of five bees per treatment were
isolated, homogenised, diluted and the amount of living microbes (mainly the probiotic
microbes) were determined by using differential and semi selective agar plates. Four
different experiments were carried out in 2018 and 2019 and we found that the inulin
has no detectable effect on the composition of gut microbiome by culture based methods
in the case of LAB (lactic acid bacteria), Bifidobacterium spp, Snodgrassella, Gilliamella
and Frischella sp.
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Introduction

The honeybee (Apis mellifera), as an important pollinator, contributes significantly to
agricultural productions and the human food supply. Nowadays, bees are stressed by a
number of biotic and abiotic factors (pathogens, pesticides, climate change, habitat loss,
etc.) which affect health and productivity (Porrini et al., 2016; Alberoni et al., 2016)
and persistent population decline has been reported several times over the last decade
(Lee et al., 2015; Zee et al., 2012; Goulson et al., 2015). The European Union ban of
antibiotics as feed additives has stimulated the search for natural alternatives (European
Commission, 2005). Animals (as well as humans) have symbiotic microorganisms,
which are important for the proper functioning of the gastrointestinal tract (for
nutrition and pathogen defence). The intestinal system of the honeybee contains
relatively few bacteria in number and variety. Eight major bacterial groups concentrated
in the hindgut: two Alpha-, one Beta- and two Gammaproteobacteria, two closely related
Lactobacillus groups (Firm 4, 5), and one Bifidobacterium (Moran, 2015). Some of them
are found in all honey bees (Lactobacilli, Beta- and Gammaproteobacteria), but the other
groups of bacteria may be completely absent from some animals/individuals (Moran
etal., 2012). The most prominent Gram-negative members of the intestinal microbial
community Snodgrassella alvi and Gilliamella apicola are mutualistic symbionts and
appear to be unique to Apis (honeybee) and Bombus spp.(bumble bee). Frischella perrara
and Bartonella apis are even more host-specific, occurring only in Apis spp (Moran et
al., 2012; Kwong et al., 2017).

The link between intestinal microbiota and health status, have encouraged the
researchers to use beneficial gut microorganisms and prebiotics to improve the health
of animals (and humans). Probiotics (mainly lactic acid bacteria) and prebiotics
(like inulin) help to protect the intestinal microbial health and are recommended
to be added into the forage of different vertebrates and invertebrates. There are
commercial probiotics and/or prebiotics containing diet supplements in beekeeping
management too. The first documented application of probiotics in the case of
honeybees occurred in 1997 (Machova et al., 1997). Since then, only a few studies
have reported the use of pre/probiotics, and the effect was not always clear. Some data
has shown that the use of probiotics and prebiotics has a beneficial effect on the bees
and increases honey production (Patruica and Mot 2012; Patruica and Hutu 2013)
whereas the others suggest that commercial probiotics increases honeybee mortality
because most of them have been developed for humans and the differences between
the gut microbiota between honeybees and vertebrates may cause an opposite effect
(Andrearczyk et al. 2014; Praszynska et al., 2016).

We decided to study the effect of inulin, a well-known commercial prebiotic, on
the honeybee and the changes of intestinal microbiome were studied by determining
the number of potentially beneficial bacteria.
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Material and methods

In our experiment, the so-called “maintenance feeding” used by beekeepers was used
as stimulant feeding and this sucrose syrup contains 2 kg sugar in 3 litre water. The
selected honeybee colonies were healthy and equal in strength. The control group was
fed with one litre sucrose syrup every second day. In the case of the treated group, it
was the same but 30 or 60 g I was added to the syrup. The treatment was performed
on three colonies in both cases and the samples (approximately 20 worker bees each)
were collected before the treatment and 2, 4 and 6 weeks later, depending on the
duration of the treatment. In later experiments we used an absolute control (without
any treatment) to analyse the external, internal and environmental impacts. The
intestinal tracts of five bees were isolated, homogenised and diluted in 1% tripton
containing saline. Traditional microbiological methods were used to determine the
amount of living microbes. Five different media (Nutrient agar, De Man, Rogosa and
Sharpe agar, Eosin Methylene Blue agar, Columbia Blood agar, and Bifidobacterium
medium) were used to investigate total aerobic bacteria; Lactobacillus; coliform
bacteria; Snodgrassella, Gilliamella and Frischella; Bifidobacterium, respectively. The
inoculated agar plates were incubated at 37+2 °C for 48-72 hours in ambient air
or in anaerobic (in the case of Frischella and Bifidobacterium) and microaerophilic
conditions (5% CO, in the case of Lactobacillus, Snodgrassella and Gilliamella). The
blood agar was neither selective nor differential to Snodgrassella, Gilliamella and
Frischella; further basic biochemical tests and microscopic examinations were applied

to confirm the strains identity. The amount of bacteria was calculated per gram of
intestine (CFU g™).

Results

We have compared the repeatability of sample processing in the case of one and five
animals. The complete intestinal system was isolated, homogenised and the colony
numbers of bacteria was normalised to one gut. In the case of individual isolates,
the deviation is very high, especially in the case of coliform bacteria (2.0x10%*-
1.3x107). We found that the difference between the parallel samples containing five
homogenized gut per sample was smaller than for single intestinal samples and the
pooling of five intestines gives a more reproducible result. Apart from the differences
in the individual animals, the individual honeybee colonies also differed significantly,
so the results obtained for several hives were not comparable. The literature also
confirms that there are very large differences between the intestinal microbes of
individual animals in the case of the honeybee (Moran et al., 2012).
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In later experiments, based on our results, the exact colony count was not
compared, but only the tendency of changes due to different treatments was
calculated. The bees were treated with sugar syrup and then with increasing inulin
concentration. We found that the amount of certain bacteria (total aerobic bacteria
and Lactobacillus) increased significantly (ten to one hundredfold) as a result of the
sugar syrup treatment. The effect of the inulin was not detectable: only the amount
of aerobic bacteria changed significantly, the beneficial microbes were not affected.
We think that these changes are due not to the treatments but to differences between
individual animals.
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Fig. 1.: The effect of inulin on the intestinal microbiota of two honeybee colonies.



Development of a Bee Feeding Procedure to Support Bee Health Protection 75

In the following experiment the amount of Snodgrassella, Gilliamella and Frischella
were also determined. The treated group received the same treatment as before but
the control group was not treated at all, not even with sugar syrup. We found that
the inulin treatment did not significantly influence the amount of these bacteria.
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Fig. 2.: The amount of Lactobacillus, Snodgrassella, Gilliamella and Frischella
(log10 CFU g") in the end of the experiment. The treated group was fed with inulin
supplemented sugar syrup and the untreated group was an absolute control (without
any treatment).

Conclusions

We have developed a method that can be used to test the changes of gut microbiota
in the case of the honeybee. The prebiotic effect of inulin was not detected by the
presently used technique. This result supports the hypothesis that commercially
available pre- and probiotics may not be applied uniformly to all groups of animals.
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