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Abstract

The health of honeybee colonies is threatened by several factors, including pathogens and antibiotic use.
Probiotics emerge as a promising option to enhance bee health in cultured colonies. Probiotics demonstrate
significant potential in enhancing the health of honeybees and regulating their gastrointestinal microbiota. The
honeybee gut harbors a simple yet specialized microbial population comprising different bacterial families,
including various genera within LAB and the relatively new subgroup FLAB. This review article aims to explore
strains isolated with probiotic properties from honeybees and evaluate their potential applications. Evidence
suggests that certain strains exhibiting characteristics such as high tolerance to acidic pH and bile salts, the ability
to produce EPS, and a lack of hemolytic activity are suitable candidates for use as probiotic additives. Furthermore,
some of these strains have shown potential in inhibiting key pathogens. Considering the economic and
environmental significance of honeybees and the current threats to their well-being, the development of safe and
effective probiotic supplements, based on the careful selection of strains, is essential. The application of these
probiotics can not only offer a natural solution for promoting bee health but also pave the way for developing safe
and sustainable products for human use.
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|
and future prospects

EXTENDED ABSTRACT

Introduction: Honeybees are among the most important groups of pollinating insects in terrestrial ecosystems,
playing a crucial role in ecosystems, maintaining biodiversity, and providing essential pollination to a wide range
of crops and wild plants. Beyond pollination, they are economically important in the production of hive products
such as honey, bee bread, beeswax, propolis, bee venom, and royal jelly, all of which are essential throughout
their life cycle. In recent years, these insects have been affected by numerous biotic and abiotic factors that disrupt
their functions and lead to colony losses. The widespread loss of honeybee colonies has become a major global
concern in recent years. These social insects constantly face various threats and consequences of human activities
in nature, pathogens, climate change, and suboptimal apiary management practices, all of which undermine their
health.

Methods: This study was conducted as a systematic literature review. A literature search was conducted in
PubMed, Scopus, Web of Science, ProBioQuest, and Google Scholar databases from 2009 to 2026 using
keywords related to honey bee probiotics. Finally, after screening, 100 eligible articles were selected and
reviewed.

Honeybee gut microbiota: Like other animals, insects carry numerous microorganisms (bacteria, archaea, yeast,
viruses) in their digestive systems, collectively known as their gut microbiota. Gut microbiota research is an
emerging field that improves our understanding of the ecological and functional dynamics of intestinal
environments. Some of these communities play a vital role in host health. In recent decades, honeybees have
emerged as valuable model organisms for studying gut microbial communities and their effects on host health. A
healthy gut microbiota seems to be fundamentally linked to the well-being of honeybees. The honeybee gut
contains a relatively simple yet highly specialized microbial community of different families. Apis mellifera
contains a basic core microbiota in its gut, primarily consisting of six bacterial families: Lactobacillaceae,
Acetobacteriaceae, Rhizobiaceae, Bifidobacteriaceae, Neisseriaceae, and Orbaceae. Some species belonging to
the  Comamonadaceae,  Bacillaceae,  Saccharomycetaceae,  Enterobacteriaceae,  Micrococcaceae,
Pseudomonadaceae, Shewanellaceae and Staphylococcaceae families have also been isolated from Apis
mellifera. The honeybee gut microbiota plays an important role in host physiology and metabolism. All of these
symbiotic organisms help break down the complex sugars found in nectar and pollen, aiding in the absorption of
nutrients. Honeybees’ microbiota makes use of various substrates sourced from pollen, such as flavonoids and
components of the outer pollen wall, indicating its crucial role in breaking down resistant secondary plant
metabolites and digesting pollen. Dysbiosis of the gut microbiota leads to altered expression of genes that form
the basis of immunity, metabolism, behavior, and development. Therefore, maintaining a balanced microbial
community is critical for honeybee health.

Probiotics: Numerous probiotics were first extracted from the digestive system and were characterized by the
Food and Agriculture Organization of the United Nations (FAO)/WHO as living microorganisms that provide
health advantages to the host when given in sufficient quantities and improve intestinal microbial balance.

Scientists are still working on developing new probiotic species, facing challenges such as ensuring strain stability,
viability under processing conditions, and targeted delivery within the host. In recent decades, researchers have
increasingly explored alternative sources referred to as “unconventional sources”, leading to the isolation of
beneficial bacteria from non-dairy items such as meat, fruits, vegetables, grains, and even products from
honeybees and beehives. Due to the crucial role of Honeybees in the ecosystem and human food safety, along
with the notable decreases in bee populations globally, measures must be taken to protect these species.
Beekeepers and researchers developed artificial diets with probiotics that mimic bees’ natural nutrition, leading
to healthier colonies and improved honey production and other products of honeybees. These diets help boost
immunity, gland development, and gut microbiota, protecting bees from harsh conditions. Probiotics and
prebiotics are suggested for inclusion not just in human diets but also in the feed of various vertebrates and
invertebrates, such as honeybees. Certainly, the most beneficial effect is observed when organisms are provided
with probiotics that have been previously isolated from themselves.

Honeybee Probiotics: Functional and Health-Promoting Properties: Numerous studies have demonstrated
that lactic acid bacteria (LAB) and the relatively new fructophilic lactic acid bacteria (FLAB) subgroup are the
predominant probiotics isolated from honeybee guts. FLAB (such as the genera Apilactobacillus and
Fructobacillus) is a unique group of LABS that have recently been identified and prefer fructose as their main
growth substrate rather than glucose. This group favors fructose as their growth substrate and lives exclusively in
fructose-rich niches, e.g., flowers, fruits, and the gastrointestinal tract of several insects having a fructose-based
diet, such as the honeybee gut. Due to the unique characteristics of FLAB, interest in studying this group has
increased. Probiotics of the genus Bacillus have also been isolated from the gut of the Apis cerana japonica.
Several probiotic yeast strains have also been isolated from honeybees, and their potential was evaluated in vitro
with respect to their probiotic characteristics and capacity to produce valuable metabolites. One of the most
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abundant bacteria isolated among foragers, nurse bees and larvae is Apilactobacillus kunkeei, due to its probiotic
properties, can be used in beekeeping to support the immune system of honeybees and produce resistant honeybees
without resorting to antibiotic treatment. L. plantarum, L. casei, Bombella sp., B. subtilis, F. fructosus, L.
acidophilus, L. apis, L. brevis L. kimbladii, L. johnsonii, Bifidobacterium indicum, B. coryneforme, and B.
asteroids have also been isolated from honeybees with probiotic properties and may play a role in honeybee
health.

Conclusions: Given the economic and environmental role of bees and the current threats to their health, the
development of dietary supplements with probiotics that benefit bee health is essential. Therefore, the use of
probiotics in honey bee food not only provides a promising natural alternative to enhance bee health but also paves
the way for the development of safe and natural bioproducts for humans.
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