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ABSTRACT

This study aimed to isolate lactic acid bacteria from gastrointestinal tract of honey bees (Apis mellifera) and assess
the probiotic potential of isolates, and their effect on some performance parameters of colonies. Thus, 10 colonies out
of an apiary with one hundred bee colonies were randomly selected and used for sampling. Twenty worker bees were
sampled from each hive and after being transferred to the laboratory under complete comfort and ventilation
conditions, their gastrointestinal tract was completely isolated under carbon dioxide flushing, and after culture in
MRS medium different microbial colonies were selected. Liquid-solid periodic cultures were repeated up to 8 steps to
achieve pure cultures. Finally, gram-positive, catalase and hemolysis negative samples were isolated and identified
based on phylogenetic analysis. The results of identification of the isolated bacteria using 16s rRNA sequences
showed that G1 isolate (MA4 strain) was 99% similar to Pediococcus acidilactica, the G2 isolate could not be
sequenced due to technical problems in sending samples abroad and isolate G3 (strain MA5) was 99% similar to
lactic acid pediococcus strain 8185. Finally, the strain MA14 isolated from the bee's gastrointestinal tract during the
summer under anaerobic conditions was 97% similar to the HM75-1 strain Pediacocus pentosus, which was named
G4. These bacteria were re%lstered in the Gene bank éNCBI) with accession number of MW376601, MW376904,
MW376896 and MW405566, respectively. In vivo studies showed the positive effects of treatment with isolates by
spraying on frames and bacterial culture mixed in syrup (sugar-water) on spawning, production and hygienic
behavior of bees. Comparison of treatments with Duncan's multiple range test (p< 5%) showed that all experimental
treatments in quantitative population factors and spawning and quality were significantly different from the control
treatment. However, the control treatment had a significant difference in honey reserves due to low spawning
compared to experimental treatments and less nectar consumption.
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calibrated box method
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Figure 3. growth rate of bacteria isolated from digestive tract of honey bees, measured at 600 nm, G1 and G2; isolated in the
spring, aerobic and anaerobic, respectively. G3 and G4; isolated in the summer, aerobic and anaerobic, respectively.
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Figure 4. Phylogenetic analysis of lactic acid bacteria isolated from bee digestive tract in spring and summer under
aerobic and anaerobic conditions
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Table 2. Effect of different bacteria isolated from digestive tract of honey bee (Apis mellifera) on the area of honey,
pollen, larva and egge

Area (cm?)

Treatments Total Honey Pollen Egg Larvae
Gl 3147.76 1556.13% 7.09% 452.96* 652.2°
G2 2965.88° 1556.88* 6.07° 544.07° 423.8%
G3 2976.07° 1334.26* 7.09% 405.212 426.32
G4 3098.65 1467.34* 7.08 476.37% 503.9%
w 2976.75° 2016.76° 29.61° 53.68° 408.6°
SEM 183/52 112.21 8.523 122.84 2034
P value 0.2856 0.0005 0.3013 0.0459 0.2723

Sladge G35 GL )5 o b oSl Jlosiz o 53 ()l sime BT (g 10 53 alie B9 b lagraSiloo 5 Sl (G5t &jg0ts (Sls Dlaslie 3
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* Means with the same letters in each column are not significantly different at p<x. G1 and G3 were strains of Pedicoccus G2 was not identified, G4

was Pediococcus pentosaceus and W was control group.
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Figure 5. Comparison of grooming behavior between different treatments (%d: percentage of damage)

Sladod )0 3gd s0 drogi 0,5 18 colaiul )90
Soyp Loz ol eaboadss glacus Sl
o ] oy b e e s
o B (S g (o 3 Ses (el i(s3elg 50

25,5

Sl Sl
Crl ey 703 4 50 (5578 e 4 oS (Sl je den S
SRS g OB 0ge,8 Dacluw 5 6L 1) Lo adllae

.oo)f‘so

REFERENCES

K S
oS 6,5 Sl 5 G ol @l (L5 sk
st a5 cwl gl Sk wleald ow)
il 556 (Segmg ) SeiSVorul eaisSads
i 310 LT Codls g e 9055 Sladgs (595
Oz (P ke g (niede (liedr eSSy
bipmgidy aile a5l glcudple cais oy
5 A e il i sl 5
@ Wlgee g o)l Jue o) SVgame gl
Joe Homy wdss 0 el Sgmen S lge

1. Alberoni, D., Gaggia, F., Baffoni, L., & Di Gioia, D. (2016). Beneficial microorganisms for honey
bees: problems and progresses. Applied Microbiology and Biotechnology, 100(22), 9469-9482.

2. Anderson, K. E., Sheehan, T. H., Mott, B. M., Maes, P., Snyder, L., Schwan, M. R., ... Corby-
Harris, V. (2013). Microbial ecology of the hive and pollination landscape: Bacterial associates from
floral nectar, the alimentary tract and stored food of honey bees (Apis mellifera). PLoS ONE, 8(12).

https://doi.org/10.1371/journal.pone.0083125



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

o Joe 5955 5)le8 ol 3l oad las SLaSY anl Gla s S (Sdsmgm e ew 0o 9 g0l \oF

Audisio, M. C., Sabaté, D. C., & Benitez-Ahrendts, M. R. (2015). Effect of Lactobacillus johnsonii
CRL1647 on different parameters of honeybee colonies and bacterial populations of the bee gut.
Beneficial Microbes, 6(5), 687-695.

Carina Audisio, M., Torres, M. J., Sabaté, D. C., Ibarguren, C., & Apella, M. C. (2011). Properties of
different lactic acid bacteria isolated from Apis mellifera L. bee-gut. Microbiological Research,
166(1), 1-13.

Engel, P., Martinson, V. G., & Moran, N. A. (2012). Functional diversity within the simple gut
microbiota of the honey bee. Proceedings of the National Academy of Sciences of the United States
of America, 109, 11002-11007.

Evans, J. D., & Lopez, D. L. (2004). Bacterial probiotics induce an immune response in the honey
bee (Hymenoptera: Apidae). Journal of Economic Entomology, 97, 752-756.

Hassani, A. R. & Alami, M. (2013). Isolation and identification yeasts from digestive system of honey
bees. Iranian Journal of Bee Science and Technology, 7th (Spring and Summer 2013), pp. 58-64.

lorizzo, M., Lombardi, S. J., Ganassi, S., Testa, B., Ianiro, M., Letizia, F., ... De Cristofaro, A.
(2020). Antagonistic activity against ascosphaera apis and functional properties of lactobacillus
kunkeei strains. Antibiotics, 9(5).

Khan, K. A., Al-Ghamdi, A. A., Ghramh, H. A., Ansari, M. J., Ali, H., Alamri, S. A., ... Hafeez, M.
(2020, January 1). Structural diversity and functional variability of gut microbial communities
associated with honey bees. Microbial Pathogenesis, Vol. 138.

Lak, M., Rouhi, K.K. & Abbassali, Q. (2008). Evaluation of the effect of citric and probiotic acids on
the gastrointestinal microflora of bees .Scientific-research journal of Isfahan University. Science.
2008 Year 6 Volume thirty-five. No. 27-36.

Liu, C., Xu, C., Du, Y., Liu, J., & Ning, Y. (2021). Role of agglutinin-like sequence protein 3 (Als3)
in the structure and antifungal resistance of Candida albicans biofilms. FEMS Microbiology Letters.
Liu, F., Li, W., Li, Z., Zhang, S., Chen, S., & Su, S. (2011). High-abundance mRNAs in Apis
mellifera: Comparison between nurses and foragers. Journal of Insect Physiology, 57(2), 274-279.
Nowak, A., Szczuka, D., Gorczynska, A., Motyl, 1., & Kregiel, D. (2021). Characterization of Apis
mellifera Gastrointestinal Microbiota and Lactic Acid Bacteria for Honeybee Protection-A Review.
Cells, Vol. 10.

Paris, L., Peghaire, E., Mone, A., Diogon, M., Debroas, D., Delbac, F., & El Alaoui, H. (2020).
Honeybee gut microbiota dysbiosis in pesticide/parasite co-exposures is mainly induced by Nosema
ceranae. Journal of Invertebrate Pathology, 172.

Pattabhiramaiah, M., Reddy, M. S., & Brueckner, D. (2012). Detection of novel probiotic bacterium
Lactobacillus spp. in the workers of Indian honeybee, Apis cerana indica. Agris On-Line Papers in
Economics and Informatics, 2, 1135-1143.

Peghaire, E., Moné, A., Delbac, F., Debroas, D., Chaucheyras-Durand, F., & El Alaoui, H. (2020). A
Pediococcus strain to rescue honeybees by decreasing Nosema ceranae- and pesticide-induced
adverse effects. Pesticide Biochemistry and Physiology, 163, 138-146.

Potts, S. G., Imperatriz-Fonseca, V., Ngo, H. T., Aizen, M. A., Biesmeijer, J. C., Breeze, T. D., ...
Vanbergen, A. J. (2016). Safeguarding pollinators and their values to human well-being. Nature,
540(7632), 220-229.

Sharifpour, M. F., Mardani, K., & Ownagh, A. (2016). Molecular identification and phylogenetic
analysis of Lactobacillus and Bifidobacterium spp. isolated from gut of honeybees (Apis mellifera)
from West Azerbaijan, Iran. Veterinary Research Forum : An International Quarterly Journal, 7(4).
Strauss, U., Pirk, C. W. W., Crewe, R. M., Human, H., & Dietemann, V. (2015). Impact of Varroa
destructor on honeybee (Apis mellifera scutellata) colony development in South Africa.
Experimental and Applied Acarology, 65(1), 89-106.

Tajabadi, N., Mardan, M., Shuhaimi, M., & Abdul Manap, M. Y. (2011). Isolation and identification
of enterococcus sp. from honey stomach of honeybee based on biochemical and 16S rrna sequencing
analysis. International Journal of Probiotics and Prebiotics, 6(2), 95-100.

Tajabadi, Naser, Mardan, M., Abdul Manap, M. Y., Shuhaimi, M., Meimandipour, A., & Nateghi, L.
(2011). Detection and identification of Lactobacillus bacteria found in the honey stomach of the giant
honeybee Apis dorsata. Apidologie, 42(5), 642-649.

Tajabadi, Naser, Mardan, M., Manap, M. Y. A., & Mustafa, S. (2013). Molecular identification of
Lactobacillus spp. isolated from the honey comb of the honey bee (Apis dorsata) by 16S rRNA gene
sequencing. Journal of Apicultural Research, 52(5), 235-241.

Tajabadi, Naser, Mardan, M., Saari, N., Mustafa, S., Bahreini, R., & Manap, M. Y. A. (2013).
Identification of Lactobacillus plantarum, Lactobacillus pentosus and Lactobacillus fermentum from
honey stomach of honeybee. Brazilian Journal of Microbiology, 44(3).



25.

26.

217.

28.

VFe uL.-u.llJ Al 3)‘.0.:; OY 3)5»5 ‘u‘)-’l kf") ‘A5J.c

Tajabadi, Naser, Mardan, M., Saari, N., Mustafa, S., Bahreini, R., Yazid, M., ... Berloco, M. (2015).
Characterization of Commercial Probiotics : Antibiotic Resistance , Acid and Bile Resistance , and
Prebiotic Utilization. Anaerobe, 10(1).

Tamura, K., Dudley, J., Nei, M., & Kumar, S. (2007). MEGA4: Molecular Evolutionary Genetics
Analysis (MEGA) software version 4.0. Molecular Biology and Evolution, 24(8), 1596-1599.
https://doi.org/10.1093/molbev/msm092

Vojvodic, S., Rehan, S. M., & Anderson, K. E. (2013). Microbial Gut Diversity of Africanized and
European Honey Bee Larval Instars. PLoS ONE, 8(8).

Zheng, H., Steele, M. 1., Leonard, S. P., Motta, E. V. S., & Moran, N. A. (2018, November 1). Honey
bees as models for gut microbiota research. Lab Animal, 47, 317-325.



