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Abstract The study was conducted to investigate the effect of
Lactobacillus rhamnosus (a commercial probiotic) and inulin
(a prebiotic) on the survival rates of honeybees infected and
uninfected with Nosema ceranae, the level of phenoloxidase
(PO) activity, the course of nosemosis, and the effect on the
prevention of nosemosis development in bees. The cells of
L. rhamnosus exhibited a high rate of survival in 56.56 %
sugar syrup, which was used to feed the honeybees. Surpris-
ingly, honeybees fed with sugar syrup supplemented with a
commercial probiotic and a probiotic+prebiotic were more
susceptible to N. ceranae infection, and their lifespan was
much shorter. The number of microsporidian spores in the
honeybees fed for 9 days prior to N. ceranae infection with
a sugar syrup supplemented with a commercial probiotic was
25 times higher (970 million spores per one honeybee) than in
a control group fed with pure sucrose syrup (38 million spores
per one honeybee). PO activity reached its highest level in the
hemolymph of this honeybee control group uninfected with
N. ceranae. The addition of probiotics or both probiotics and
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prebiotics to the food of uninfected bees led to the ~2-fold
decrease in the PO activity. The infection of honeybees with
N. ceranae accompanied an almost 20-fold decrease in the PO
level. The inulin supplemented solely at a concentration of
2 nug/mL was the only administrated factor which did not
significantly affect honeybees’ survival, the PO activity, or
the nosemosis infection level. In conclusion, the supplemen-
tation of honeybees’ diet with improperly selected probiotics
or both probiotics and prebiotics does not prevent nosemosis
development, can de-regulate insect immune systems, and
may significantly increase bee mortality.

Keywords Apis mellifera survival - Nosema ceranae -
Phenoloxidase activity - Probiotic - Prebiotic - Lactobacillus
rhamnosus, inulin

Introduction

All members of the Animalia kingdom, including humans,
have helpful symbiotic microbiota which are extremely im-
portant for the proper functioning of the gastrointestinal tract.
These symbiotic microorganisms are responsible for the fer-
mentation of carbohydrates as well as the production of some
vitamins and amino acids that their hosts need. Furthermore,
gut microbiota, through the “barrier effect,” prevent pathogenic
microorganisms from colonizing the gastrointestinal tract. In
particular, lactic acid bacteria (LAB) prove to be important
inhabitants of animal and human intestinal tracts as they have
a multifaceted, antimicrobial potential, mainly because of their
ability to synthesize lactic acid, short-chain, volatile fatty-acid,
and bacteriocin-like molecules (Jack et al. 1995; Wilson et al.
2005; Audisio et al. 2011). Lactic acid bacteria are usually
considered probiotics, i.e., viable microorganisms that provide
health benefits to their hosts (Schlundt 2012). Probiotics are
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helpful in the treatment of several human illnesses, including
diarrhea, allergies, obesity, lactose intolerance, inflammation,
Helicobacter pylori infections, necrotizing enterocolitis
(NEC), eczema, and many others. Successful marketing
strategies and the popularization of probiotics have led
to these products being commonly used as dietary sup-
plements. Also, prebiotics which are non-digestible fiber
compounds cause specific changes, both to the compo-
sition and/or activity of gastrointestinal microflora, and
confer benefits upon their hosts’ well-being and health
(Roberfroid 2007). One such prebiotic is inulin, a linear
chain of (2-1)-linked (-d-fructosyl units, which selec-
tively promotes the growth and activity of bacteria from
the genus Bifidobacterium that are beneficial for human
and animal health (Cummings et al. 2001; Urias-Silvas
et al. 2008).

Probiotics and prebiotics are recommended to be added not
only to the human diet but also into the forage of different
vertebrates as well as invertebrates (e.g., Weese and Arroyo
2003; Patterson and Burkholder 2003; Otles 2013; Verlinden
et al. 2006; Bagheri et al. 2008; Talpur et al. 2012). Certainly,
the most beneficial effect is observed when organisms are
provided with probiotics that had been previously isolated
from themselves. However, LAB isolated from humans were
found to have been used with positive results in the husbandry
of terrestrial animals and for agricultural health management;
e.g., Lactobacillus rhamnosus and Lactobacillus bulgaricus
were indicated to be protective against opportunistic patho-
gens in fish farming (Nikoskelainen et al. 2001; Otles 2013).
Also, in beekeeping management, there are commercial diet
supplements which contain probiotics and/or prebiotics. One
such supplement recommended for the feeding of honeybees
and other animals contains bacteria such as Lactobacillus
casei, Lactobacillus plantarum, Rhodopseudomonas
palustris, and yeast Saccharomyces cerevisiae. A further ex-
ample, in addition to lactic acid bacteria (Lactobacillus
acidophilus or L. casei) and Bifidobacterium lactis, also com-
prises prebiotics (Patruicd and Mot 2012; Patruica and Hutu
2013; Andrearczyk et al. 2014).

In honeybee guts and crops, several symbiotic bacteria
were reported (Engel et al. 2012; Corby-Harris et al. 2014).
They mainly belong to the Lactobacillus and Bifidobacterium
genera and to the Acetobacteraceae family. Additionally, two
other probiotic bacterial species, i.e., Gilliamella apicola and
Snodgrasella alvi, were identified in honeybee alimentary
tracts (Engel et al. 2012; Corby-Harris et al. 2014).

Nosema ceranae, the causative agent of nosemosis C, is an
obligate, intercellular pathogen which completes its life cycle
in honeybee intestines (Wittner and Weiss 1999; Ptaszynska
et al. 2014; Roberts et al. 2015). N. ceranae suppresses im-
mune responses in honeybees (Antunez et al. 2009;
Chaimanee et al. 2012), causing a degeneration of gut epithe-
lial cells (Higes et al. 2007; Dussaubat et al. 2012), a
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shortening of bee lifespans (Paxton et al. 2007; Higes et al.
2007; Dussaubat et al. 2012), and finally leading to a depletion
of honeybee colonies. Insects defend themselves against path-
ogen infections by cellular immunity and humoral immune
responses. These processes such as phagocytosis and encap-
sulation, in connection with melanization, play an important
role in the cellular response. Phenoloxidase (PO) lysozyme
and antimicrobial peptides such as abaecin, apidaecin,
defensin, and hymeoptaecin are humoral factors essential for
the antimicrobial defense of honeybees (Schmid-Hempel
2003; Evans et al. 2006; Cerenius et al. 2008).

Honeybees are very important pollinators which strongly
influence the genomic diversity of the plant community;
hence, their role in shaping the ecosystem can hardly be
overestimated (Bradbear 2009). Currently, there are only a
few articles concerning the effect of commercial probiotics
and prebiotics on honeybee health. Some data have shown
that commercial probiotics increase honeybee mortality,
whereas others suggest that the administration of probiotics
and prebiotics has an excellent effect on the growth of bee
colonies and increases honey production (Patruica and Mot
2012; Patruica and Hutu 2013; Andrearczyk et al. 2014).
Therefore, we decided to study the effect on honeybee health
of L. rhamnosus, which plays a predominant role in the
probiotics market (Douillard et al. 2013), and of inulin, a
well-known prebiotic, (Slavin 2013), by analyzing PO activ-
ity, as well as the role of these supplements on the treatment
and the prevention of the nosemosis in honeybees.

Material and methods
Animals, culture conditions and V. ceranae infection

Honeybees, Apis mellifera carnica, were maintained with
standard beekeeping management methods in the university
apiary (University of Life Sciences in Lublin, Poland). Hon-
eybees were collected between the end of May 2014 and Au-
gust of the same year. Although no permission is needed to
administer experiments on insects, our research was planned
in a way that reduced the number of honeybees to the mini-
mum necessary for the proper conduction of these experi-
ments. To obtain 1-day-old healthy honeybees, combs with
brood originating from one queen bee were transferred, on
the 20th day of bee development, to an air-conditioned cham-
ber and kept at a constant temperature of 35 °C and at a
humidity of 60 %. After emerging, honeybees were kept under
laboratory conditions, in complete darkness (30 °C; H=65 %)
in wooden cages, occupied by 40 specimens.

In all experiments, honeybees were fed with a daily pre-
pared 56.6 % sugar-water syrup (1:1; w/v) supplemented with
commercial probiotics and/or prebiotics. The control honey-
bees were fed with a pure sugar-water syrup. Doses of the
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commercial probiotics and prebiotics used in experiments,
i.e., 3750 CFU/syrup mL (group L2) and 2 pg/syrup mL
(group In), respectively, were estimated on the basis of the
manufacturer’s advice concerning a daily dosage of these sup-
plements, taking 160 mg as an average honeybee weight. The
average weight of honeybees was established after weighing
50 randomly chosen specimens of those being used in the
experiments and was estimated at 157.6 mg.

To induce nosemosis, the honeybees were inoculated with
a fresh solution containing 4 million N. ceranae spores/mL, in
the amount of 8 uL per honeybee, according to the method-
ology described by Forsgren and Fries (2010). The spore in-
oculums were prepared from the ventriculi of naturally infect-
ed honeybees directly before experiments (Fries et al. 2013).

Emerging honeybees were divided randomly into three var-
iants, “A,” “B,” and “C” (Fig. 1) with 36 cages in each.
Honeybees in variant A served as a control and were not
infected with N. ceranae (Fig. 1). In variant B, to check
whether the supplementation of honeybee diets with commer-
cial probiotic and/or prebiotic does influence the course of
nosemosis, honeybees were N. ceranae-infected on the third
day after emerging. Following this, from the sixth day until the
end of the experiment, they were fed with a sugar-water syrup,
containing commercial probiotic and/or prebiotic (Fig. 1). In
variant C, to check whether the supplementation of honeybee
diets with commercial probiotic and/or prebiotic does protect
a host against nosemosis, honeybees from the third day after
emerging until the end of the experiment were fed with a
sugar-water syrup supplemented with probiotics and/or

Fig. 1 The scheme of
administered experiments l
analyzing the effect of probiotics
and prebiotics on the survival of
honeybees uninfected and
infected with Nosema ceranae

emerging of
honeybees

6th day of experiment
«control group — fed only with succrose syrup
eexperimental groups — fed with with pro- and/or prebiotics

prebiotics, and after nine days of diet supplementation, these
bees were infected with N. ceranae (Fig. 1).

Uninfected and N. ceranae-infected honeybees from vari-
ants A, B, and C were divided into six feeding groups, i.e., (1)
SS; (2) L1; (3) L2; (4) In; (5) L1+In; and (6) L2+In. Concen-
trations of commercial probiotic and/or prebiotic among these
groups were as follows: SS (control, pure sucrose syrup), L1
(1250 of Lactobacillus CFU/syrup mL, Biomed-Lublin, Po-
land), L2 (3750 of Lactobacillus CFU/syrup mL, Biomed-
Lublin, Poland), In (inulin 2 pg/syrup mL, Frutafit” 1Q,
Orafti, Belgium).

In all experiments, dead bees were counted every day, and
the volume of eaten sugar syrup was estimated. Additionally,
at the end of the experiments, the number of N. ceranae spores
was counted and hemolymph PO activity was estimated.

Estimation of the nosemosis level

Samples were prepared from every group in two repeats
to count N. ceranae spores. For one sample, ten honey-
bee abdomens were grounded in 10 mL of sterile, dis-
tilled water, and the number of Nosema spores was
counted according to Fries et al. (2013) and Hornitzky
(2008) using a hemocytometer and Olympus BX61 light
microscope. Furthermore, each sample was observed un-
der bright field and differential interference contrast
(DIC) to a proper differentiation of N. ceranae spores
from other remains present in honeybee homogenates.

variant A: control, uninfected honeybees
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Isolation of total DNA from honeybees and molecular
detection of N. ceranae

Total DNA from uninfected and N. ceranae-infected
A. mellifera carnica was isolated using the DNeasy Blood
and Tissue Kit (Qiagen) according to the manufacturer’s in-
struction. To identify N. ceranae, DNA in the investigated
samples using duplex PCR was conducted with 321-APIS
and 218-MITOC primers (Martin-Hernandez et al. 2007) in
a 25-uL reaction mixture of the Qiagen Taq PCR Core Kit
(Qiagen Inc.) containing 2.5 uL. PCR buffer with 5 uL Q
solution, 0.1 mM dNTP mixture, 0.7 U Taq DNA polymerase,
0.2 uM of each forward and reverse primers, approximately
0.15 pg of DNA template, and ddH,O to a final reaction
volume of 25 puL. For DNA amplification, the following
PCR cycling conditions were used: 1 min at 94 °C, 1 min at
61.8 °C, and 1 min at 72 °C, repeated for 30 cycles, and
10 min at 72 °C.

The survival of L. rhamnosus (a commercial probiotic)
in sugar syrup

The bacteria of the genus Lactobacillus used as the commer-
cial probiotic were added to the number of 1250 and 3750
bacterial cells to 1 mL of 56.6 % sugar syrup. Resulting bac-
terial suspensions were left at 30 °C and at a humidity of 60 %
to check the bacteria survival during their administration to the
honeybees. After 1 min, and subsequently after 2, 3, 4, 6, 8,
10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 38, 40, 48, and 96 h, the
titer of the bacteria was determined by plating them on an
MRS agar medium and incubating them for 24-48 h, at
37 °C, in anaerobic conditions. Ten colonies were then ran-
domly selected to verify the taxonomic position of the cul-
tured bacteria, on the basis of API" CH50 strips (bioM¢érieux
Clinical Diagnostics).

Honeybee hemolymph collection

Hemolymph from ten individuals was collected in each exper-
imental group in sterile-chilled Eppendorf tubes. The hemo-
lymph was used to measure PO activity after the removal of
hemocytes (Phenoloxidase (PO) activity assay section). For
this purpose, first, the hemolymph was centrifuged at 4 °C at
200xg for 5 min, and next, the supernatant was centrifuged at
20,000xg for 15 min. After centrifugation, pooled superna-
tants were stored at —20 °C until used for PO activity
measurement.

PO activity assay
PO activity was determined in pooled hemolymph samples,

according to a modified method, previously described by Park
et al. 2005; Zdybicka-Barabas and Cytrynska 2010; Andrejko
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et al. 2014; Zdybicka-Barabas et al. 2014. Two microliters of
the hemolymph, twice diluted in tris-buffered saline (TBS)
(50 mM Tris—HCI pH 6.8, 1 mM NaCl), was combined with
18 uL of TBS, containing 5 mM CacCl, in the wells of a 96-
well plate (to a final sample volume of 20 puL). After 20 min of
incubation at room temperature, 180 uL of 2 mM L-
dihydroxyphenylalanine (L-DOPA) in 50 mM sodium phos-
phate, pH 6.5, was added. PO activity was determined spec-
trophotometrically, on the basis of the amount of melanin
formed (absorbance at 490 nm) over 60 min, at 2-min inter-
vals, using a microtiter plate reader (Bio-Rad Laboratories,
Hercules, CA, USA). The PO activity was determined in three
independent experiments, in triplicate, for each hemolymph
sample.

Statistical analysis

The SAS software (2002-2003) employing the ANOVA (a
group and a variant effects were the experimental factors)
and the Tukey’s honestly significant difference (HSD) test
(SAS Institute 2002-2003) were used to prepare statistical
analysis of the data obtained.

Results and discussion

The survival of honeybees depends on their successful de-
fense against different microbial parasites. Indigenous gut
bacterial flora with the dominant role of lactic acid bacteria
plays an important role in the protection of bees and other
insects against colonization by pathogens and in the control
of'the growth of undesirable microorganisms (Jack et al. 1995;
Wilson et al. 2005; Audisio et al. 2011).

The research was conducted to investigate the effect of
L. rhamnosus, an important commercial probiotic, and of in-
ulin, a widely known prebiotic, on the survival rate of honey-
bees, infected and uninfected with N. ceranae, to investigate
the level of PO activity in the hemolymph of insects, and,
furthermore, to analyze the role of the commonly used
probiotics and prebiotics in the protection of bees against
nosemosis C (Fig. 1).

The question posed initially concerned that of L. rhamnosus
survival in 56.56 % sugar syrup used for honeybee feeding
(Fig. 2). It is well known that sucrose, at high concentrations,
induces osmotic stress in bacterial cells, connected with the
loss of water from both membrane and proteins (Beney and
Gervais 2001; Tymczyszyn et al. 2007; Randazzo et al. 2013),
although at low concentrations, it becomes osmoprotectant.
Lactobacilli survived in a 56.65 % sugar syrup used for hon-
eybee feeding, for the studied period of time and even after
96 h of incubation. Under these conditions, viable and
culturable bacterial cells were found after being plated on an
MRS agar medium (Fig. 2). The bacteria grown on the MRS
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Fig. 2 The survival of Lactobacillus rhamnosus during 96 h of
incubation, in a 56.6 % sugar syrup, at 30 °C

agar medium and selected randomly for API” CH50 strip
(bioM¢érieux Clinical Diagnostics) analysis exhibited the same
fermentation profile of the 49 carbohydrates as the commer-
cial strain of L. rhamnosus used in these experiments as the
probiotic (data not presented).

Earlier data indicated that elevated levels of infection with
pathogens may severely interfere with honeybees’ ability to
absorb nutrients (Malone and Gatehouse 1998; Naug and
Gibbs 2009; Mayack and Naug 2009; Martin-Hernandez
et al. 2011; Mayack and Naug 2013; Ptaszynska et al. 2013;
Ptaszynska et al. 2014). These findings were also confirmed in
the present study. It was found that a single uninfected honey-
bee consumed ~41 pL (+3.0) of the sugar syrup during a 24-h
period, without any significant differences among the experi-
mental groups (Fig. 3, variant A), while N. ceranae-infected
honeybees consumed more sugar syrup, i.e., ~56 uL (+4.5)
per bee, over 24 h (variants B and C, all studied groups). There
are two possible explanations for nutritional and energy

Daily sugar syrup consumption [uL]

70
b b
b b
60 b b b b
T T o %o
e i
50 a a
a a a T
40
30
20
10
0 = L __|
SS L1 L2 In L1+In L2+In
M VariantA M \VariantB Variant C

Fig. 3 Consumption of sugar syrup supplemented with commercial
probiotic and prebiotic by honeybees uninfected and infected with
N. ceranae. Variants A, B, and C according to Fig. 1. Supplementation
among the groups: SS (pure sugar syrup); L1 (1.25x 10% of L. rhamnosus
CFU per 1 mL of sugar syrup); L2 (3.75x10° of L. rhamnosus CFU per
1 mL of sugar syrup); In (2 pg of inulin per 1 mL of sugar syrup). Error
bars represent standard deviations of data with lowercase letters
indicating significant differences (p<0.05)

demands of honeybees infected with Nosema spp. being
higher than those of uninfected insects. Firstly, parasitic
microsporidia draw energy from the host for their own meta-
bolic and reproductive needs. Secondly, honeybees infected
with pathogens expend additional energy for mounting an
immunological response, which is known to be an energy-
expensive process (Schmid-Hempel 2003; Mayack and Naug
2009; Martin-Hernandez et al. 2011; Borsuk et al. 2013; Naug
2014).

In beekeeping management, several methods have been
used to control infections caused by Nosema spp. In addition
to good husbandry and good cultural conditions, nosemosis is
traditionally controlled by heat treatment, fumigation, and,
occasionally, by the administration of fumagillin (Porrini
et al. 2010; Fries et al. 2013; Damiani et al. 2014; Strachecka
et al. 2014). Live lactobacilli of the species L. rhamnosus
(probiotic) with the documented inhibitory effects upon dif-
ferent pathogens (Ajitha et al. 2004) were analyzed in this
investigation as a possible alternative to antimicrosporidian
and prophylactic agents, supporting the natural defense mech-
anisms in honeybees. Surprisingly, supplementing honeybee
diets solely with commercial probiotic (L. rhamnosus) and
simultaneously with probiotic and prebiotic (inulin) increased
mortality levels in both the N. ceranae-infected and uninfect-
ed honeybees. Inulin, at the concentration of 2 ptg/mL, was the
only administered factor which did not affect the honeybee
survival rate in both group, i.e., uninfected and infected with
N. ceranae (Figs. 4, 5, and 6). Martin-Hernandez et al. (2011)
explained the increased mortality of Nosema spp.-infected
bees as energetic stress which may lead to a lack of thermo-
regulatory capacity and a higher rate of trophallaxis, leading to
the increased spread of parasites and an increase in the bees’
mortality. Malnutrition connected with a nosemosis gut

variant A
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Avarage number of honeybees in the one cage

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Consecutive days of the experiment

Fig. 4 The survival of uninfected honeybees fed with commercial
probiotics and prebiotics. Variant A according to Fig. 1.
Supplementation among the groups: SS (pure sugar syrup); L1 (1.25x
10% of L. rhamnosus CFU per 1 mL of sugar syrup); L2 (3.75x10° of
L. rhamnosus CFU per 1 mL of sugar syrup); In1 (inulin 2 pg per 1 mL of
sugar syrup). Lowercase letters indicate the differences significant for the
comparison between variants p<0.05
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variant B - the course of nosemosis
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Avarage number of honeybees in the one cage

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Consecutive days of the experiment

Fig. 5 The survival of N. ceranae-infected honeybees fed with
commercial probiotics and prebiotics. Variant B according to Fig. 1.
Supplementation among the groups: SS (pure sugar syrup); L1 (1.25x
10% of L. rhamnosus CFU per 1 mL of sugar syrup); L2 (3.75x10° of
L. rhamnosus CFU per 1 mL of sugar syrup); In1 (inulin 2 pug per 1 mL of
sugar syrup). Lowercase letters indicate the differences significant for the
comparison between variants p<0.05

infection can further accelerate honeybee mortality (Mayack
and Naug 2013; Ptaszynska et al. 2014). As found in this
study, the lower survival rate of bees fed with a sugar syrup
containing probiotics, in comparison to control insects fed
only with a sugar syrup, may be due to the competition for
nutrients and energy resources between commercial probiotic
bacteria and their host. In uninfected honeybees fed with a
pure sucrose syrup, the mortality was established as 0.85
(£0.48) specimens daily per cage (Fig. 4, SS group). The
mortality of N. ceranae-infected honeybees fed with a pure
sucrose syrup was approximately 1.31 (+0.70) specimens dai-
ly per cage (Figs. 5 and 6, SS groups), whereas among
N. ceranae-uninfected and infected honeybees, whose diet
was supplemented with a probiotic, mortality rates were

variant C - the prevention of nosemosis

Avarage number of honeybees in the one cage

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Consecutive days of the experiment

Fig. 6 The survival of N. ceranae-infected honeybees fed with
commercial probiotics and prebiotics. Variant C according to Fig. 1.
Supplementation among the groups: SS (pure sugar syrup); L1 (1.25x
10% of L. rhamnosus CFU per 1 mL of sugar syrup); L2 (3.75x10° of
L. rhamnosus CFU per 1 mL of sugar syrup); In1 (inulin 2 pg per 1 mL of
sugar syrup). Lowercase letters indicate the differences significant for the
comparison between variants p<0.05
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higher, i.e., respectively 1.11 (£0.57) and 1.50 (£0.77) speci-
mens daily per cage (Figs. 4 and 5, L1 group).

Supplementation of honeybee diet with the probiotic and
the probiotic+prebiotic (feeding groups: L1, L2, L1+In, L2+
In) for 9 days before Nosema infection (Fig. 6) had the largest
impact on honeybee mortality. Inulin present in food together
with L. rhamnosus promoted the mortality of honeybees as-
sociated with the probiotic. However, this prebiotic alone had
no visible effect on honeybee death rate (Figs. 5 and 6). An
especially high increase in bee mortality was found between
the second and the fourth day after microsporidian infection
(11th—13th days of the experiment) and reached up to seven
specimens per cage (Fig. 6). Over the next few days until the
end of the experiment, honeybee mortality was established as
being at a constant level, i.e., 2.02 (£0.67) specimens per day
per cage (Fig. 6). Generally, we conclude that feeding honey-
bees with commercial probiotics and probiotic+prebiotic not
only does not prevent nosemosis development in bees but may
even increase insect vulnerability to infection with N. ceranae.

The prophylactic treatment of humans and different ani-
mals with probiotics and prebiotics to enhance their immune
defense mechanisms has already been described rather com-
prehensively (Conway 1989; Ajitha et al. 2004). Nowadays,
there is a growing interest in the use of these food supplements
for the modulation of honeybee immune systems to prevent
and control infectious diseases. The insect immune system
relies on innate mechanisms, which in honeybees are greatly
reduced in comparison to other insects (Malone and Gate-
house 1998; Hultmark 2003; Evans et al. 2006; Schmid
et al. 2008). There are two main categories of these mecha-
nisms, i.e., phagocytosis and the encapsulation of foreign bod-
ies and the antimicrobial activity of immune proteins, e.g., PO,
which participates in melanization cascade as the terminal
enzyme (Glinski and Buczek 2003). In this study, PO activity
(Fig. 7) reached its highest level in the hemolymph of the
control honeybees uninfected with N. ceranae and fed with
a sugar syrup (Fig. 7, variant A, SS group). It was also rela-
tively high in uninfected honeybees fed with a sugar syrup
containing the prebiotic (Fig. 7, variants A). Adding the pro-
biotic or the probiotic and prebiotic together to the food of
uninfected bees led to a decrease in PO activity, which was
approximately two times lower than that in insects fed only
with the sugar syrup (Fig. 7, variants A). However, the most
negative impact on PO activity was seen in the infection of
honeybees with N. ceranae. In Nosema-infected bees, PO
activity was almost 20 times lower than that of uninfected
ones, and the absorbance measured at 490 nm after 60 min
of incubation was respectively 4.47 and 0.24 for uninfected
(Fig. 7, variant A, SS group) and Nosema-infected honeybees
(Fig. 7, variant B, SS group).

Generally, the infection of honeybees with N. ceranae sig-
nificantly reduced the level of PO activity in the hemolymph.
Still, the lowest PO activity was noted when bees were fed for
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Fig. 7 Phenoloxidase activity in the hemolymph of honeybees
uninfected and infected with N. ceranae fed with commercial probiotics
and prebiotics. Variants A, B, and C according to Fig. 1. Phenoloxidase
activity was determined using DOPA as a substrate on the basis of
melanin formation by measuring absorbance at 490 nm. The diagram
demonstrates the enzyme activity after 60 min of incubation.
Supplementation among the groups: SS (pure sugar syrup); L1 (1.25x
10° of L. rhamnosus CFU per 1 mL of sugar syrup); L2 (3.75x10° of
L. rhamnosus CFU per 1 mL of sugar syrup); In (inulin 2 pg per 1 mL of
sugar syrup). Error bars represent standard deviations of data with
lowercase letters indicating significant differences (p<0.05)

9 days before infection with a sugar syrup supplemented with
L. rhamnosus or L. rhamnosus together with inulin and
reached ~0.14 and ~0.11, respectively (Fig. 7, variants C,
groups: L1, L2 and L1+1In, L2+1In). These results clearly in-
dicated the strong inhibition of the honeybees’ PO, not only
by microsporidian infection, but also by feeding honeybees
with the commercial probiotic and with probiotic in combina-
tion with prebiotic. This data suggests that the supplementa-
tion of honeybee diets with probiotic or both probiotic and
prebiotic is not beneficial for the functioning of honeybee
defense systems (Fig. 7).

Another negative effect of probiotics and/or prebiotics on
honeybees was also observed as a rapid and enormous devel-
opment of nosemosis in the insects. In the control Nosema-
infected honeybees fed only with sugar syrup, the number of
microsporidian spores per honeybee was at ~3.8x 107 (Fig. 8,
groups: SS). The rate of fungi infection, determined by the
number of spores, increased up to 25 times in honeybees fed
for 9 days before N. ceranae infection with a sugar syrup
containing the commercial probiotic (Fig. 8, variant C,
groups: L1, L2) and a sugar syrup supplemented with both
probiotics and prebiotics (Fig. 8, variant C, groups: L1+1In,
L2+In). The infection developed very rapidly and reached
levels 0f9.7x 10 and 9.8 x 10® spores per honeybee, in groups
L1 and L1+In, respectively. A similar number of spores per
bee, as in groups L1 and L1+In, was found in L2 and L2+In
groups (Fig. 8). The feeding of honeybees with a sugar syrup
supplemented only with the prebiotics before fungi infection
did not stimulate the development of the N. ceranae infection,
as was found in the case of bees fed with a sugar syrup con-
taining probiotic, and the number of microsporidian spores per
honeybee was found to be 3.5x 107 (Fig. 8, variant C, group:

Number of Nosema spp. spores x 10° per one

honeybee
1400

b
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Fig. 8 Number of N. ceranae sporesx10° per one honeybee fed with
commercial probiotics and prebiotics. Variants B and C according to
Fig. 1. Supplementation among the groups: SS (pure sugar syrup); L1
(1.25x10° of L. rhamnosus CFU per 1 mL of sugar syrup); L2 (3.75x 10
of L. rhamnosus CFU per 1 mL of sugar syrup); In (2 pg of inulin per
1 mL of sugar syrup). Error bars represent standard deviations of data
with lowercase letters indicating significant differences (p<0.05)

In), similarly as in the control groups with ~3.8x 107 (Fig. 8,
group: SS).

We supposed that colonization of honeybees’ intestinal
tracts by probiotic microorganisms ought to have inhibited
the development of nosemosis, through the competition for
binding sites and nutrients, as well as by positive modulation
of the immune system. Surprisingly, honeybees fed with a
sugar syrup supplemented with commercial probiotic
(L. rhamnosus) were more susceptible to N. ceranae infection
and nosemosis development, and the number of
microsporidian spores in such bees was very high (Fig. 8). It
is possible that lactic acid, produced by multiplying
L. rhamnosus, could have increased acidity in the bee intestine
and/or could have been the cause of degeneration of the gut,
and through this, could have initiated favorable conditions for
the germination of microsporidian spores and accelerated the
infection of epithelial cells with V. ceranae (de Graaf et al.
1993; Bradley 2008; Feigenbaum and Naug 2010; Ptaszynska
et al. 2013). Consequently, mortality rates increased
among honeybees fed with commercial probiotic con-
taining L. rhamnosus. Therefore, preparations containing
bacteria identified as probiotics for mammals should not
be considered as probiotics for honeybees and possibly
for other invertebrates.

Microorganisms selected as commercial probiotics are
highly resistant and have a great ability to survive, even in
unsuitable environments. Therefore, they can easily prolifer-
ate in honeybee intestines and, hence, may exclude natural
symbiotic microorganisms. The elimination of honeybees’
natural microbiota can reduce the absorption of nutrients and
can lead to the malnutrition of bees. Furthermore, the intensive
development of microorganisms, which are non-natural for
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honeybees, can lead to the degeneration of the peritrophic
membranes of the bee intestines which, together with exoskel-
eton cuticule, are the first lines of insects’ defense against
various pathogens. That can be the reason of the increase in
the mortality of foragers, as observed in our experiments. In
earlier studies (Vasquez and Olofsson 2009; Martinson et al.
2011; Tajabadi et al. 2011, 2013a, b; Pattabhiramaiah et al.
2012; Vasquez et al. 2012; Audisio et al. 2015), different
bacterial strains of the genus Lactobacillus were isolated from
honeybee intestines, meaning these lactobacilli can probably
be considered as probiotics, for these ecologically and eco-
nomically crucial insects.

Conclusions

The supplementation of honeybee diet with improper
probiotics or probiotics and prebiotics can disturb the natural
microbiota composition, which is important in maintaining
metabolic homeostasis in bee intestines. Furthermore, it can
deregulate the immune system and, in consequence, may pro-
mote pathogen infections and increase honeybee mortality.

Acknowledgments This research was supported by the Individual Re-
search Grant of Vice-rector for Research and International Relations of
UMCS (Lublin, Poland) and with the use of equipment purchased thanks
to the financial support of 374 the European Regional Development Fund
under the project: “Increase in R & D potential of 375 Depart-
ments of Chemistry, and Biology and Earth Sciences UMCS in
Lublin” (POPW 376 .01.03.00-06-017/09-00).

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

Ajitha SM, Sridhar M, Sridhar N, Singh ISB, Varghese V (2004)
Probiotic effects of lactic acid bacteria against Vibrio alginolyticus
in Penaeus (Fenneropenaeus) Indicus (H. Milne Edwards). Asian
Fish Sci 17:71-80

Andrearczyk S, Kadhim MJ, Knaga S (2014) Influence of a probiotic on
mortality, sugar syrup ingestion and infection of honeybees with
Nosema spp. under laboratory assessment. Med Weter 70:762—765

Andrejko M, Zdybicka-Barabas A, Cytrynska M (2014) Diverse effects
of Galleria mellonella infection with entomopathogenic and clinical
strains of Pseudomonas aeruginosa. J Invertebr Pathol 115:14-25

Anttinez K, Martin-Hernandez R, Prieto L, Meana A, Zunino P, Higes M
(2009) Immune suppression in the honey bee (Apis mellifera) fol-
lowing infection by Nosema ceranae (Microsporidia). Environ
Microbiol 11:2284-2290

Audisio MC, Torres MJ, Sabaté DS, Ibarguren C, Apella MC (2011)
Properties of different lactic acid bacteria isolated from Apis mellifera
L. bee-gut. Microbiol Res. doi:10.1016/j.micres.2010.01.003

@ Springer

Audisio MC, Sabaté DC, Benitez-Ahrendts MR (2015) Effect of
Lactobacillus johnsonii CRL1647 on different parameters of hon-
eybee colonies and bacterial populations of the bee gut. Benefic
Microbes 25:1-10. doi:10.3920/BM2014.0155

Bagheri T, Hedayati SA, Yavari V, Alizade M, Farzanfar A (2008) Growth,
survival and gut microbial load of rainbow trout (Onchorhynchus
mykiss) fry given diet supplemented with probiotic during the two
months of first feeding. Turk J Fish Aquat Sci 8:43—48

Beney L, Gervais P (2001) Influence of the fluidity of the membrane on
the response of microorganismsm to environmental stresses. Appl
Microbiol Biotechnol 57:34-42

Borsuk G, Ptaszynska AA, Olszewski K, Paleolog J (2013) Impact of
nosemosis on the intestinal yeast flora of honey bee. Med Weter 69:
76-730

Bradbear N (2009) Bees and their role in forest livelihood: a guide to the
services provided by bees and the sustainable harvesting, processing
and marketing of their products. Food and Agriculture Organization
of the United Nations, Rome

Bradley TJ (2008) Active transport in insect recta. J Experim Biol 211:
835-836

Cerenius L, Lee BL, Séderhéll K (2008) The proPO-system: pros and
cons for its role in invertebrate immunity. Trends Immunol 29:263—
271

Chaimanee V, Chantawannnakul P, Chen Y, Evans JD, Pettis JS (2012)
Differential expression of immune genes of adult honey bee (4pis
mellifera) after inoculated by Nosema ceranae. J Insect Physiol 58:
1090-1095

Conway PL (1989) Lactobacilli: fact and fiction. In: Grubb R (ed) The
regulatory and protective role of the normal microflora. Macmillan
Press, Basingstoke, pp 263281

Corby-Harris V, Maes P, Anderson KE (2014) The bacterial communities
associated with honey bee (4pis mellifera) foragers. PLoS ONE.
doi:10.1371/journal.pone.0095056

Cummings JH, MacFarlane GT, Englyst HN (2001) Prebiotic digestion
and fermentation. Am J Clin Nutr 73:4155-420S

Damiani N, Fernandez NJ, Porrini MP, Podaza EA, Gende LB, Alvarez
E, Buffa F, Brasesco C, Maggi MD, Marcangeli JA, Eguaras MJ
(2014) Laurel leaf extracts for honeybee pest and disease manage-
ment: antimicrobial, microsporicidal, and acaricidal activity.
Parasitol Res 113:701-709

de Graaf DC, Masschelein G, Vandergeynst F, de Brabander HF, Jacobs
FJ (1993) In vitro germination of Nosema apis (Microsporidia:
Nosematidae) spores and its effect on their ax-trehalose/D-glucose
ratio. J Invertebr Pathol 62:220-225

Douillard FP, Ribbera A, Kant R, Pietild TE, Jarvinen HM, Messing M
et al (2013) Comparative genomic and functional analysis of 100
Lactobacillus rhamnosus strains and their comparison with strain
GG. PLoS Genet. doi:10.1371/journal.pgen.1003683

Dussaubat C, Brunet J-L, Higes M, Colbourne JK, Lopez J, Choi J-H et al
(2012) Gut pathology and responses to the Microsporidium Nosema
ceranae in the honey bee Apis mellifera. PLoS ONE. doi:10.1371/
journal.pone.0037017

Engel P, Martinson VG, Moran NA (2012) Functional diversity within
the simple gut microbiota of the honey bee. Proc Natl Acad Sci 109:
11002-11007

Evans JD, Aronstein K, Chen YP, Hetru C, Imler JL, Jiang H et al (2006)
Immune pathways and defence mechanisms in honeybees Apis
mellifera. Insect Mol Biol 15:645-656

Feigenbaum C, Naug D (2010) The influence of social hunger on food
distribution and its implications for disease transmission in a hon-
eybee colony. Insect Soc. doi:10.1007/s00040-010-0073-6

Forsgren E, Fries 1 (2010) Comparative virulence of Nosema ceranae and
Nosema apis in individual European honey bees. Vet Parasitol 170:
212-217

Fries I, Chauzat M-P, Chen Y-P, Doublet V, Genersch E, Gisder S, et al.
(2013) Standard methods for nosema research. In: Dietemann V,


http://dx.doi.org/10.1016/j.micres.2010.01.003
http://dx.doi.org/10.3920/BM2014.0155
http://dx.doi.org/10.1371/journal.pone.0095056
http://dx.doi.org/10.1371/journal.pgen.1003683
http://dx.doi.org/10.1371/journal.pone.0037017
http://dx.doi.org/10.1371/journal.pone.0037017
http://dx.doi.org/10.1007/s00040-010-0073-6

Parasitol Res (2016) 115:397-406

405

Ellis JD, Neumann P (eds) The COLOSS BEEBOOK: Volume II:
Standard methods for Apis mellifera pest and pathogen research. J
Apic Res. doi:10.3896/IBRA.1.52.1.14

Glinski Z, Buczek K (2003) Response of the Apoidea to fungal infec-
tions. Apiacta 38:183-189

Higes M, Garcia-Palencia P, Martin-Hernandez R, Meana A (2007)
Experimental infection of Apis mellifera honeybees with Nosema
ceranae (Microsporidia). J Invertebr Pathol 94:211-217

Hornitzky M (2008) Nosema Disease — Literature review and three sur-
veys of beekeepers — Part 2. Rural Industries Research and
Development Corporation. Pub. No. 08/006

Hultmark D (2003) Drosophila immunity: paths and patterns. Curr Opin
Immunol 15:12-19

Jack R, Tagg H, Ray B (1995) Bacteriocins of Gram-positive bacteria.
Microbiol Rev 59:171-200

Malone LA, Gatehouse (née Edmonds) HS (1998) Effects of Nosema
apis infection on honey bee (Apis mellifera) digestive proteolytic
enzyme activity. J Invertebr Pathol 71:169-174

Martin-Hernandez R, Meana A, Prieto L, Martinez Salvador A, Garrido-
Bailon E, Higes M (2007) Outcome of colonization of Apis mellifera
by Nosema ceranae. Appl Environ Microbiol 73:6331-6338

Martin-Hernandez R, Botias C, Barrios L, Martinez-Salvador A, Meana
A, Mayack C, Higes M (2011) Comparison of the energetic stress
associated with experimental Nosema cerance and Nosema apis
infection of honeybees (Apis mellifera). Parasitol Res 109:605-612

Martinson V, Danforth BN, Minckley R, Rueppell O, Tingek S, Moran N
(2011) A simple and distinctive microbiota exclusively associated
with honey bees and bumble bees. Mol Ecol. doi:10.1111/1.1365-
294X.2010.04959 x/full

Mayack C, Naug D (2009) Energetic stress in the honeybee Apis mellifera
from Nosema ceranae infection. J Invertebr Pathol 100:185—188

Mayack C, Naug D (2013) Individual energetic state can prevail over
social regulation of foraging in honeybees. Behav Ecol Sociobiol
67:929-936

Naug D (2014) Infected honeybee foragers incur a higher loss in efficien-
cy than in the rate of energetic gain. Biol Lett. doi:10.1098/rsbl.
2014.0731

Naug D, Gibbs A (2009) Behavioral changes mediated by hunger in
honeybees infected with Nosema ceranae. Apidologie 40:595-599

Nikoskelainen S, Salminen S, Bylund G, Ouwehand AC (2001)
Characterization of the properties of human- and dairy-derived
probiotics for prevention of infectious diseases in fish. Appl
Environ Microbiol 67:2430-2435

Otles S (2013) Probiotics and prebiotics in food, nutrition and health.
CRC Press, Boca Raton

Park SY, Kim CH, Jeong WH, Lee JH, Seo SJ, Han YS et al (2005)
Effects of two hemolymph proteins on humoral defense reactions
in the wax moth, Galleria mellonella. Dev Comp Immunol 29:43—
51

Patruica S, Hutu I (2013) Economic benefits of using prebiotic and pro-
biotic products as supplements in stimulation feeds administered to
bee colonies. Turk J Vet Anim Sci 37:259-263

Patruica S, Mot D (2012) The effect of using prebiotic and probiotic
products on intestinal micro-flora of the honeybee (4pis mellifera
carpatica). Bull Entomol Res 102:619-623

Pattabhiramaiah M, Reddy MS, Brueckner D (2012) Detection of novel
probiotic bacterium Lactobacillus spp. in the workers of Indian hon-
eybee, Apis cerana indica. Int J Environ Sci. doi:10.6088/ijes.
00202030002

Patterson JA, Burkholder KM (2003) Application of prebiotics and
probiotics in poultry production. Poult Sci 82:627-631

Paxton RJ, Klee J, Korpela S, Fries I (2007) Nosema ceranae has infected
Apis mellifera in Europe since at least 1998 and may be more viru-
lent than Nosema apis. Apidologie 38:558-565

Porrini MP, Audisio MC, Sabate DC, Ibarguren C, Medici SK, Sarlo EG,
Garrido PM, Eguaras MJ (2010) Effect of bacterial metabolites on

microsporidian Nosema ceranae and on its host Apis mellifera.
Parasitol Res 107:381-388. doi:10.1007/s00436-010-1875-1

Ptaszynska AA, Borsuk G, Mulenko W, Olszewski K (2013) Impact of
ethanol on Nosema spp. infected bees. Med Weter 69:736-741

Ptaszynska AA, Borsuk G, Mutenko W, Demetraki-Paleolog J (2014)
Differentiation of Nosema apis and Nosema ceranae spores under
Scanning Electron Microscopy (SEM). J Apic Res. doi:10.3896/
IBRA.1.53.5.02

Randazzo CL, Pitino I, Licciardello F, Muratore G, Caggia C (2013)
Survival of Lactobacillus rhamnosus probiotic strains in peach
jam during storage at different temperatures. Food Sci Technol
(Campinas) 33:652—659

Roberfroid MB (2007) Prebiotics: the concept revisited. J Nutr 137:
830S-837S

Roberts KE, Evison SEF, Baer B, Hughes WOH (2015) The cost of
promiscuity: sexual transmission of Nosema microsporidian para-
sites in polyandrous honey bees. Sci Rep. doi:10.1038/srep10982

SAS Institute (2002-2003) SAS/STAT User’s Guide release 9.13, Cary,
NC, Statistical Analysis System Institute

Schlundt J (2012) Health and nutritional properties of probiotics in food
including powder milk with live lactic acid bacteria. Report of a
Joint FAO/WHO expert consultation on evaluation of health and
nutritional properties of probiotics in food including powder milk
with live lactic acid bacteria. FAO/WHO

Schmid MR, Brockmann A, Perk CW, Stanley DW, Tautz J (2008) Adult
honeybees (Apis mellifera L.) abandon hemocytic, but not
phenoloxidase-based immunity. J Insect Physiol 54:439-444

Schmid-Hempel P (2003) Variation in immune defence as a question of
evolutionary ecology. Proc R Soc Lond B 270:357-366

Slavin J (2013) Fiber and prebiotics: mechanisms and health benefits.
Nutrients 5:1417-1435

Strachecka A, Olszewski K, Paleolog J, Borsuk G, Bajda M (2014)
Coenzyme Q10 treatments influence the lifespan and key biochem-
ical resistance systems in the honeybee, Apis mellifera. Arch Insect
Biochem Physiol 86:165-179. doi:10.1002/arch.21159

Tajabadi N, Mardan M, Manap MYA, Shuhaim M, Meimandipour A,
Nateghi L (2011) Detection and identification of Lactobacillus bac-
teria found in the honey stomach of the giant honeybee Apis dorasta.
Apidologie 42:642—649

Tajabadi N, Mardan M, Manap MYA, Mustafa S (2013a) Molecular
identification of Lactobacillus spp. isolated from the honey comb
of the honey bee (4pis dorsata) by 16S rRNA gene sequencing. J
Apic Res. doi:10.3896/IBRA.1.52.5.10

Tajabadi N, Mardan M, Saari N, Mustafa S, Bahreini R, Manap MYA
(2013b) Identification of Lactobacillus plantarum, Lactobacillus
pentosus and Lactobacillus fermentum from honey stomach of hon-
eybee. Braz J Microbiol 44:717-722

Talpur AD, Memon AJ, Khan MI, Ikhwanuddin M, Danish D, Abol-
Munafi AB (2012) Inhibition of pathogens by lactic acid bacteria
and application as water additive multi isolates probiotics in early
stages larviculture of P. pelagicus (Linnaeus, 1758). J Anim Plant
Sci 22:54-64

Tymczyszyn EE, Gomez-Zavaglia A, Disalvo EA (2007) Effect of sugars
and growth media on the dehydration of Lactobacillus delbrueckii
ssp. bulgaricus. J Appl Microbiol 102:845-851. doi:10.1111/].
1365-2672.2006.03108.x

Urias-Silvas JE, Cani PD, Delmée E, Neyrinck A, Lopez MG, Delzenne
NM (2008) Physiological effects of dietary fructans extracted from
Agave tequilana Gto. and Dasylirion spp. Br J Nutr 99:254-261.
doi:10.1017/S0007114507795338

Vasquez A, Olofsson TC (2009) The lactic acid bacteria involved in the
production of bee pollen and bee bread. J Apic Res 48:189-195. doi:
10.3896/IBRA.1.48.3.07

Vasquez A, Forsgren E, Fries I, Paxton RJ, Flaberg E, Szekely L,
Olofsson TC (2012) Symbionts as major modulators of insect

@ Springer


http://dx.doi.org/10.3896/IBRA.1.52.1.14
http://dx.doi.org/10.1111/j.1365-294X.2010.04959.x/full
http://dx.doi.org/10.1111/j.1365-294X.2010.04959.x/full
http://dx.doi.org/10.1098/rsbl.2014.0731
http://dx.doi.org/10.1098/rsbl.2014.0731
http://dx.doi.org/10.6088/ijes.00202030002
http://dx.doi.org/10.6088/ijes.00202030002
http://dx.doi.org/10.1007/s00436-010-1875-1
http://dx.doi.org/10.3896/IBRA.1.53.5.02
http://dx.doi.org/10.3896/IBRA.1.53.5.02
http://dx.doi.org/10.1038/srep10982
http://dx.doi.org/10.1002/arch.21159
http://dx.doi.org/10.3896/IBRA.1.52.5.10
http://dx.doi.org/10.1111/j.1365-2672.2006.03108.x
http://dx.doi.org/10.1111/j.1365-2672.2006.03108.x
http://dx.doi.org/10.1017/S0007114507795338
http://dx.doi.org/10.3896/IBRA.1.48.3.07

406

Parasitol Res (2016) 115:397-406

health: lactic acid bacteria and honeybees. PLoS ONE. doi:10.1371/
journal.pone.0033188.t002

Verlinden A, Hesta M, Millet S, Janssens GPJ (2006) Food allergy in
dogs and cats: a review. Crit Rev Food Sci Nutr 46:259-273

Weese JS, Arroyo L (2003) Bacteriological evaluation of dog and cat
diets that claim to contain probiotics. Can Vet J 44:212-215

Wilson AR, Sigee D, Epton HA (2005) Anti-bacterial activity of
Lactobacillus plantarum strain SK1 against Listeria monocytogenes
is due to lactic acid production. J Appl Microbiol 99:1516-1522

@ Springer

Wittner M, Weiss LM (1999) Microsporidia and microsporidiosis. ASM
Press, Washington DC

Zdybicka-Barabas A, Cytrynska M (2010) Phenoloxidase activity in he-
molymph of Galleria mellonella larvae challenged with Aspergillus
oryzae. Ann UMCS Sect C (Biologia) 65:49-57

Zdybicka-Barabas A, Mak P, Jakubowicz T, Cytryfiska M (2014)
Lysozyme and defense peptides as suppressors of phenoloxidase
activity in Galleria mellonella. Arch Insect Biochem Physiol 87:
1-12


http://dx.doi.org/10.1371/journal.pone.0033188.t002
http://dx.doi.org/10.1371/journal.pone.0033188.t002

	Are commercial probiotics and prebiotics effective in the treatment and prevention of honeybee nosemosis C?
	Abstract
	Introduction
	Material and methods
	Animals, culture conditions and N.�ceranae infection
	Estimation of the nosemosis level
	Isolation of total DNA from honeybees and molecular detection of N.�ceranae
	The survival of L.�rhamnosus (a commercial probiotic) in sugar syrup
	Honeybee hemolymph collection
	PO activity assay
	Statistical analysis

	Results and discussion
	Conclusions
	References


