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The probiotic effects of seven newly isolated gut bacteria, from the indegenous honey bees of Saudi
Arabia were investigated. In vivo bioassays were used to investigate the effects of each gut bacterium
namely, Fructobacillus fructosus (T1), Proteus mirabilis (T2), Bacillus licheniformis (T3), Lactobacillus kunkeei
(T4), Bacillus subtilis (T5), Enterobacter kobei (T6), andMorganella morganii (T7) on mortality percentage of
honey bee larvae infected with P. larvae spores along with negative control (normal diet) and positive
control (normal diet spiked with P. larvae spores). Addition of gut bacteria to the normal diet significantly
reduced the mortality percentage of the treated groups. Mortality percentage in all treated groups ranged
from 56.67% up to 86.67%. T6 treated group exhibited the highest mortality (86.67%), whereas T4 group
showed the lowest mortality (56.67%). Among the seven gut bacterial treatments, T4 and T3 decreased
the mortality 56.67% and 66.67%, respectively, whereas, for T2, T6, and T7 the mortality percentage
was equal to that of the positive control (86.67%). Mortality percentages in infected larval groups treated
with T1, and T5 were 78.33% and 73.33% respectively. Most of the mortality occurred in the treated larvae
during days 2 and 3. Treatments T3 and T4 treatments showed positive effects and reduced mortality.
� 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Probiotics are live microorganisms, when supplemented with
food and ingested in adequate amounts, provide health benefits
to the host by improving the intestinal microbial balance
(Fontana et al., 2013; Fuller, 1989). Gut bacteria are widely used
as probiotics and are included in many functional foods and dietary
supplements (Gourbeyre et al., 2011). Since antibiotics are prohib-
ited in animal feed in many countries, natural substances are being
explored to improve animal health. The use of beneficial bacteria is
very important tool against pathogens, and is commonly imple-
mented in agriculture, aquaculture, and in human and animal
health care (Balcázar et al., 2006; Wang et al., 2008; Andrearczyk
et al., 2014).
Use of probiotics for health benefits is very common not only in
human diet but also in the forage of various vertebrates and inver-
tebrates (Patterson and Burkholder, 2003; Talpur et al., 2012). Pro-
biotic bacteria are more beneficial, when supplemented in the diet
of the organisms from which they had been isolated (Ptaszyńska
et al., 2016). Probiotic bacteria, especially, lactic acid and acetic
acid bacteria, have intriguing characteristics, such as tolerance to
acidic pH, metabolism of various sugars, and production of organic
acid as an end product. These unique characteristics facilitate col-
onization of the sugar rich digestive tract of honey bees and inhi-
bition of the invasion and growth of acid sensitive pathogenic
bacteria (Hamdi et al., 2011). The development of hypopharyngeal
glands and fat bodies in honey bees was stimulated, and protein
utilization was increased when probiotic bacteria were added to
pollen substitutes (Kazimierczak-Baryczko and Szymaś, 2006).

Gut bacteria stimulate the immunity of honey bee larvae (the
stage, where organism is vulnerable to infection by different
pathogens) and promote mounting of anti-pathogen immune
responses. Feeding larvae with a diet supplemented with non-
pathogenic gut bacteria stimulated the transcription of genes
involved in immune response (Evans and Lopez, 2004). Addition
of probiotic bacteria into the honey bee larval food decreased the
number of larvae infected by Paenibacillus larvae (Forsgren et al.,
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2010). Therefore, addition of probiotic bacteria will ultimately
improve the honey bee immune response against pathogens. The
aim of this study was to evaluate the effect of isolated gut bacteria
from local honey bee Apis mellifera jemenitica of Saudi Arabia, on
the mortality of honey bee larvae infected with P. larvae.
2. Materials and methods

2.1. Collection of first instar larvae

Honey bee (A. m. jemenitica) larvae were collected from an api-
ary maintained at Bee Research Chair, Plant Protection Depart-
ment, College of Food and Agriculture Sciences, King Saud
University, Riyadh, Saudi Arabia. The method described by
Aupinel et al. (2005) was used with certain modifications to obtain
larvae within the same age range. A frame was taken out from a
healthy bee colony, and the Jenter cage (Hammann, Hassloch-
Germany) was fixed in the frame by cutting a part of the wax
comb. The cage was designed to permit free movement of the
worker bees across the cage, which is essential for stimulating
queen for egg laying, and nursing bee larvae (Fig. 1). The queen
was confined in the Jenter cage and the frame was placed in the
bee colony to allow the queen to lay eggs. After approximately
30 h, when a large number of eggs was present in the cage cells,
the queen was uncaged. The frame, along with the Jenter cage con-
taining the eggs, was kept in the middle of the bee colony for three
days for incubation. The Jenter cage allowed the worker bees to
feed the newly hatched larvae, but prevented the queen from
entering and laying new eggs. After 3 days, the frame containing
the 1st instar larvae were brought to the laboratory and placed
in an incubator (Binder, Tutlingen, Germany) adjusted at 34 �C
and 80% relative humidity.
Fig. 1. Methodology and apparatus used for collection of first instar honey bee larvae (A
into the Jenter cage.
2.2. Paenibacillus larvae and gut bacterial isolates

The reference strain of P. larvae ATCC 9545 was used in this
experiment and spore suspension was prepared according to
methodology used by Shimanuki and Knox (2000). Seven gut bac-
teria, which had already shown strong antagonistic activity against
P. larvae (Data not Published), were evaluated for their probiotic
effect on bee health. These isolates were Fructobacillus fructosus
KY027123; Proteus mirabilis KY027132; Bacillus licheniformis
KY027142; Lactobacillus kunkeei KY027158; Bacillus subtilis
KY027169; Enterobacter kobei KY027178; and Morganella morganii
KY027186. A single colony of each gut bacterium was inoculated in
tubes containing 10 mL of selective broth and incubated at 36 �C
overnight. The bacterial suspensions were diluted to approxi-
mately 1 � 106 CFU per mL in sterilized distilled water and used
to spike normal diet (NDT) with respective gut bacterium.
2.3. Diet preparation

NDT was prepared according to Vandenberg and Shimanuki
(1987). The ingredients of NDT in percentage weight were: royal
jelly-RJ (50%), D-glucose (6%), D-fructose (6%), yeast extract (1%)
and sterilized autoclaved water (37%). The experiments were con-
ducted in three replicates for six days. Diets used in different treat-
ments on Day-I were as following: T1 (NDT + F. fructosus
KY027123 + P. larvae spores); T2 (NDT + Proteus mirabilis
KY027132 + P. larvae spores); T3 (NDT + B. licheniformis
KY027142 + P. larvae spores); T4 (NDT + L. kunkeei KY027158 + P.
larvae spores); T5 (NDT + B. subtilis KY027169 + P. larvae spores);
T6 (NDT + E. kobei KY027178 + P. larvae spores); T7 (NDT +M. mor-
ganii KY027186 + P. larvae spores). Negative control (C1) was NDT
alone while, the positive control (C2) composed of NDT + P. larvae
spores (Table 1). From Day-II onwards, treatments (T1-T7) consti-
tuted NDT plus respective gut bacteria without P. larvae spores by
) The Jenter cage (B) Frame installed with the Jenter cage (C) Queen caged (in circle)



Table 1
The experimental plan to assess the probiotic effects of gut bacteria (isolated from Apis mellifera jemenitica) on honey bee larvae.

Experimental Group Number of larvae (n) Treatments (Day-I) Treatments (Day-II to Day-VI) CFU/mL (P. larvae spores/ gut bacteria)

C1 20 Normal diet only NDT –
T1 20 NDT + F. fructosus + P. larvae spores NDT + F. fructosus 1 � 106

T2 20 NDT + Proteus mirabilis + P. larvae spores NDT + Proteus mirabilis 1 � 106

T3 20 NDT + B. licheniformis + P. larvae spores NDT + B. licheniformis 1 � 106

T4 20 NDT + L. kunkeei + P. larvae spores NDT + L. kunkeei 1 � 106

T5 20 NDT + B. subtilis + P. larvae spores NDT + B. subtilis 1 � 106

T6 20 NDT + E. kobei + P. larvae spores NDT + E. kobei 1 � 106

T7 20 NDT +M. morganii + P. larvae spores NDT +M. morganii 1 � 106

C2 20 NDT + P. larvae ATCC 9545 spores NDT 1 � 106

Abbreviations:Negative control (C1); Positive control (C2) Treatment (T); Normal diet (NDT); colony forming units (CFU).

Table 2
Mean mortality percentage of honey bee Apis mellifera jemenitica larvae infected
(in vivo) with Paenibacillus larvae, treated with control and different gut bacterial
supplemented diets.

Experimental
groups

Treatments Mean mortality
(%)

C1 NDT only 26.67 ± 2.89d

T1 NDT + F. fructosus + P. larvae spores 78.33 ± 5.77ab

T2 NDT + Proteus mirabilis + P. larvae
spores

83.33 ± 12.58a

T3 NDT + B. licheniformis + P. larvae
spores

66.67 ± 7.64b

T4 NDT + L. kunkeei + P. larvae spores 56.67 ± 7.64c

T5 NDT + B. subtilis + P. larvae spores 73.33 ± 12.58ab

T6 NDT + E. kobei + P. larvae spores 86.67 ± 2.89a

T7 NDT +M. morganii + P. larvae spores 85.00 ± 5.10a

C2 NDT + P. larvae ATCC 9545 spores 86.67 ± 5.7a
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adding bacterial suspensions with the ratio 1:10 (O’Callaghan et al.,
2012) in NDT (Ami et al., 2010) and treatments C1 and C2 were
NDT only. The fresh diets were prepared and stored at 4 �C for less
than two days during the experiment. Prior to feeding, diets were
pre warmed at 34 �C and provided to the larvae according to their
age using a micro pipette. Daily diet quantity for each bee larvae
was 5, 10, 20, 20, 30, 40 mL on day I, II, III, IV, V, and VI respectively.

2.4. Exposure bioassays

The first instar larvae were reared in the cells of the Jenter cage
and kept in an incubator at 34 �C and 80% relative humidity. Each
experimental group consisted of 20 larvae. The negative control
(C1) group consisted of NDT only, while the positive control group
(C2) contained NDT spiked with P. larvae spores on Day-I. The other
experimental groups were provided with NDT containing P. larvae
spores and respective gut bacteria on the Day-I only.

From Day-II onwards, the larvae in the experimental groups T1-
T7 were provided NDT supplemented with respective gut bacteria
to assess their probiotic effects against infection while the experi-
mental group C1 and C2 were provided NDT only (Table 1). Diet
was placed next to the mouth of each larva by using a micropipette
so that it may consume easily. Daily mortality of larvae in each
experimental group was observed until five days, post treatments
and dead larvae were adequately removed using sterilized forceps.
Dead larvae had no movement when observed under cold light
while the live larvae showed respiratory movement.

2.5. Statistical analysis

The mortality of honey bee larvae was analyzed in three repli-
cates. The Statistix 8.1 (2005) software was used to analyze the
data with mortality as the response variable and different diets
(normal as well as supplemented with gut bacteria and P. larvae
spores) as the main effect. All pairwise comparison of means was
performed using Tukey’s Honest Significant Difference (HSD) test
at p < 0.05.
3. Results

The effects of gut bacteria on the mortality of honey bee larvae
were evaluated to determine their probiotic role. Significant differ-
ences in the mortality percentage of the treated groups were
observed. Values ranged from 56.67% up to 86.67% (Table 2). The
positive control (C2; bee larvae fed with normal diet [NDT] con-
taining P. larvae spores) exhibited the highest mortality (86.67%),
whereas, the larvae fed with NDT alone (C1; negative control)
showed the lowest mortality (26.67%). Of the seven gut bacterial
treatments, T4 (bee larvae fed with NDT containing L. kunkeei),
and T3 (bee larvae fed with NDT containing B. licheniformis)
decreased mortality (56.67%, and 66.67%, respectively). In contrast,
the mortality percentages in T2 (bee larvae fed with NDT contain-
ing Proteus mirabilis), T6 (bee larvae fed with NDT containing E.
kobei), T7 (bee larvae fed with NDT containing M. morganii) were
near to that of the positive control (Fig. 3).

Similar mortality percentages 78.33%, and 73.33% were
observed for T1 (bee larvae fed with NDT containing F. fructosus),
and T5 (bee larvae fed with NDT containing B. subtilis), respectively
(Fig. 2). The relative zones of inhibition (ZOI) of seven gut bacteria
against P. larvae were shown in Table 2 for comparative purpose.
Survivorship of honey bee (A.m. jemenitica) larvae infected
(in vivo) with P. larvae treated with controls and different gut bac-
teria supplemented in normal diets is shown in Fig. 3. B. licheni-
formis (T3) and L. kunkeei (T4) among the supplemented gut
bacteria enhanced the survival percentage of treated larvae. Most
of the mortality occurred in the treated larvae on days 2 and 3.
The negative control (C1; bee larvae fed with NDT only) and T4
(bee larvae fed with NDT containing L. kunkeei) showed lower mor-
tality on these two days compared to other treatments (Fig. 3).
4. Discussion

The mortality of in vivo infected bee larvae was studied to
investigate whether, the gut bacteria (L. kunkeei, P. mirabilis, E.
kobei, M. morganii, F. fructosus, B. licheniformis, and B. subtilis) are
capable of reducing the lethal effects of P. larvae infection. The
results show that there was a significant decrease in the mortality
of infected bee larvae fed with NDT supplemented with gut bacte-
ria (Table 2). The bee larvae were fed with the NDT-only, negative
control (C1) and NDT spiked with P. larvae spores, as a positive con-
trol (C2); both treatments affected the mortality percentage as
expected (Table 2, Fig. 1). The C1-treated larvae showed less mor-
tality as they were not infected by P. larvae spores, and continued
to grow normally. In contrast, the C2-treated larvae were infected
with P. larvae spores, showed highest mortality indicating that P.



Fig. 2. Bar graph showing the effects of gut bacteria and control treatments on the mortality percentage of honey bee (Apis mellifera jemenitica) larvae infected (in vivo) with
Paenibacillus larvae. Letters on error bars represent standard deviations. Means with same superscript letters are not significantly different (p < 0.05).

Fig. 3. Survivorship of honey bee (Apis mellifera jemenitica) larvae infected
(in vivo) with Paenibacillus larvae treated with controls and different gut bacteria
supplemented in normal diet.
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larvae spores were able to thrive in the bee larvae guts and caused
high mortality.

This can be explained by the findings of Yue et al. (2008), who
found that P. larvae spores germinate (about 12 h after ingestion),
colonize, and proliferate massively in the midgut and subsequently
destroy the epithelium layer to enter the hemocoel and cause lar-
val death. Larvae fed with the T4 (NDT supplemented with L. kun-
keei), and T3 (NDT supplemented with B. licheniformis) showed the
lower mortality 56.67%, and 66.67% respectively after that of the
negative control.

The possible reason behind the low mortality in the T4 treated
larvae may be the presence of L. kunkeei, which is a members of the
lactic acid bacteria (LAB) family. LAB produce organic acids,
antibacterial compounds, hydrogen peroxide, diacetyl, benzoate,
bacteriocins and proteins with putative antimicrobial functions,
which protect the host from invading pathogens (Olofsson and
Alejandra Vázquez, 2008; Butler et al., 2013). These results are in
accordance with those of Forsgren et al. (2010), who demonstrated
that LAB, including L. kunkeei from honey bee gut had strong inhi-
bitory effect on the in vitro growth of P. larvae.

Larval mortality in the T3 treatment which comprised NDT sup-
plemented with B. licheniformis, was comparable to that of the T4
treatment. This showed that B. licheniformis provided immunity
against the pathogens, which decreased the mortality percentage
of the treated honey bee larvae. Bacillus spp. produce bacteriocins,
stimulate immunity, and possess adhesion abilities (Duc et al.,
2004; Barbosa et al., 2005). The results obtained with B. licheni-
formis are consistent with Evans and Armstrong (2006), who found
that members of the genus Bacillus isolated from honey bee larvae
showed strong inhibitory activity against P. larvae in vitro. B.
licheniformis, has also proven to be a good probiotic in the aquacul-
ture industry. Merrifield et al. (2010) demonstrated that when fish
were fed on a diet supplemented with B. licheniformis, their feed
conversion ratio and growth rate improved significantly.

Larval mortality in treatments T1 and T5, which were supple-
mented by F. fructosus and B. subtilis gut bacteria, respectively,
were statistically similar. T1 and T5 treatments showed decreased
mortality in infected larvae, but their effect was lower than that
observed for the C1, T3, and T4 treatments. F. fructosus is a special
type of LAB that prefers fructose sugars to glucose for their growth
(Endo, 2012). This could possibly explain, why the effect of F. fruc-
tosus on larvae mortality was lower than that with L. kunkeei as
NDT does not contain abundant fructose. The growth of Bacillus
in the honey bee gut is pH sensitive (Mohr and Tebbe, 2006). The
intestinal pH of honey bee larvae mostly remains at 6.8 (Colibar
et al., 2010) and optimum pH for antibiotic activity in B. subtilis
is pH-8 (Jamil et al., 2007). This could possibly explain the poor
effect of B. subtilis on reduction of mortality in bee larvae.

T2, T6, and T7 treatments which comprised NDT supplemented
with P. mirabilis, E. kobei, and M. morganii, respectively, did not
decrease larval mortality and their effect was similar to that of pos-
itive control (C2). The distinct gut environment of honey bee larvae
could possibly explain the non-performance of these three gut bac-
teria against P. larvae (Kwong and Moran, 2016). Since, these gut
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bacteria were isolated from the worker bees, they performed
poorly in larval gut, albeit showing stronger effects on mortality
in in vitro cultures of P. larvae.

The maximum mortality of honey bee larvae occurred on the
second and third day of the experiment, except for the control
and L. kunkeei treatments. The spores of P. larvae start to germinate
after 12 h of ingestion, progressively multiply, proliferate, and then
destroy the epithelium of the midgut, causing larval death (Yue
et al., 2008; Ansari et al., 2017). This could explain the higher mor-
tality in larvae on days 2 and 3. In addition, the low mortality
observed on these two days in the bee larvae fed with diet supple-
mented with L. kunkeei highlighted the probiotic effect of this
bacterium.

It was generally observed that total volume of the diet con-
sumed by a larva for six days was 125 mL which is lower than
reported by Aupinel et al. (2005), who demonstrated that larva
consumes 160 mL of diet. The reason for this difference may be
the size of the local honey bees (A. m. jemenitica), which is the
smallest bee race of A. mellifera based on morphometric character-
istics (Alattal et al., 2014).

5. Conclusion

Probiotic effects of seven gut bacteria isolated from the local
honey bees of Saudi Arabia that were selected on the basis of the
extent of their inhibitory activity against P. larvae were evaluated.
It was concluded that L. kunkeei and B. licheniformis decreased the
mortality percentage in bee larvae infected with P. larvae spores.
Other bacteria, F. fructosus and B. subtilis were capable of decreas-
ing the mortality to some extent, while Proteus mirabilis, E. kobei,
and M. morganii did not perform well in decreasing larval mortal-
ity. Bacteria belonging to Lactobacillus and Bacillus and some of
their metabolites, are getting significant importance in apiculture
industry. Therefore, a more detailed study tailored towards inves-
tigating and characterizing the metabolites responsible for inhibi-
tion of P. larvae is required or recommended as they are safe to use,
ecofriendly, protect bees from pathogen and boost immunity.
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