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The microscopic realm that exists within the digestive systems of living 

organisms conceals captivating enigmas that profoundly affect their well-being and 

vitality. Among these microorganisms, the intestinal microbiota holds a pivotal role in 

maintaining optimal health, not only for humans but also for animals. Its crucial 

significance is now acknowledged in terms of sustaining physiological equilibrium, 

warding off diseases, and even influencing behavior [1]. 

In this intricate world of minuscule diversity, honey bees (Apis mellifera) emerge 

as invaluable animal models, allowing us to unravel the complexities of the gut 

microbiota and its impact on individual health. A remarkable aspect of honey bees is 

their social structure, comprising three distinct castes: the queen, the workers, and the 

drones. Despite their distinctive phenotypes, these individuals share the same genetic 

makeup. However, it is through the mechanism of epigenetics that variations arise, not 

only in terms of morphology but also in the composition of the intestinal microbiota [1]. 

Around the world, numerous investigations have highlighted the diversity of the 

gut microbiome [2, 3, 4, 5]. Nevertheless, research on honey bee gut microbiota in 

Algeria remains limited. This country, known for its expansive landmass and diverse 

climate that encompasses a variety of landscapes and ecological conditions, 

provides a unique opportunity to investigate the interplay between honey bee gut 

microbiota and their environment. Among the studies carried out in Algeria on the gut 

microbiota of honey bees, a notable piece of research by Meriem et al. is the 

characterization of lactic acid bacteria strains isolated from Algerian honeybees and 

honey, exploring their potential probiotic and functional features for human use [6]. 

However, no study has yet addressed the identification of the gut microbiota of honey 

bees from different sites in Algeria, representing different ecosystems. This approach 

would enable us not only to study the variability of gut diversity but also to confirm the 

variability of ecosystems and their influence on this diversity. It would also enable us 

to estimate the sanitary quality of our bee samples. 

Consequently, our study aims to delve into the complex world of the gut 

microbiota of honey bees in Algeria, focusing specifically on the worker species Apis 

mellifera. We aim to lift the veil on the mysteries surrounding its composition, paving 

the way for exciting future research.Therefore, our study aims to delve into the intricate 

world of honey bee gut microbiota in Algeria, focusing specifically on the Apis mellifera 
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worker species. We aspire to unveil the mysteries surrounding its composition, paving 

the way for exciting future research endeavors. 

To explore the captivating diversity of the microbiota, we have employed both 

phenotypic and genotypic approaches. Phenotypically, we have utilized observational 

techniques to identify discernible characteristics of various microbial taxa. In parallel, 

at the genotypic level, we have targeted the V3 and V4 regions of the 16S RNAr gene, 

renowned for their ability to elucidate the taxonomic diversity of the microbiota. The 

results obtained will be further validated through metabarcoding analysis, which 

enables comprehensive examination of multiple genomic regions, providing a more 

holistic understanding of the studied microbiota. 

This document is structured around five major chapters. The first two chapters 

highlight the importance of the model insect Apis mellifera and the crucial role of its gut 

microbiota. Various approaches are then presented to identify the intestinal bacterial 

community of our samples. The results obtained are then presented and discussed, 

leading to a conclusion. 

The discoveries stemming from this comprehensive investigation could shed 

new light on the intricate interplay between honey bee gut microbiota and the 

ecological environment in Algeria. Moreover, they may have substantial implications 

for safeguarding bee health and preserving the ecosystem as a whole. 



 

 

Chapter I 
Characterization of 

Apis mellifera 
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Chapter I: Characterization of Apis mellifera 

I.1. Apis mellifera 

Humans have always been fascinated by bees because of their complex social 

life, their incredible learning and memorizing abilities that allow them to efficiently 

navigate between the hive and the flowers. 

The bee belongs to the order Hymenoptera, whose name comes from the Greek 

word hymen which means "membrane". It is a member of the Apidae family and the 

Apis genus [7]. The bees of this genus are characterized by a very social behavior and 

live in colonies, in hives or nests [7]. The most widespread is Apis mellifera, commonly 

known as the black bee and for its great importance to beekeeping [8]. 

The honey bee contributes to the survival of its colony by communicating the 

location of food sources through a complex wave dance [10]. 

Honey bees Apis mellifera have unique characteristics that make them an 

essential pollinator. They represent a considerable work force that can be stimulated 

by beekeepers [9]. 

 

According to Linné (1758), the domestic bee is classified as follows: 

• Kingdom: Animalia  

• Phylum: Arthropoda  

• Sub-branch: Pancrustacea  

• Class: Insecta  

• Order: Hymenoptera  

• Sub-Order: Apocrita  

• Family: Apidae  

• Genus: Apis  

• Species: Apis mellifera Linnaeus  

I.2. Honeybee society  

Apis mellifera, as a social insect, lives in huge, well-organized societies in which 

cooperation and altruism are necessary for survival and communication is crucial. The 

colony is composed of hundreds of male drones, sterile workers ranging from 12,000 

to 90,000 depending on the season, and a single queen [10, 11]. 
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Chapter I: Characterization of Apis mellifera 

 

I.2.1. Bee queen 

The queen is the largest bee in the colony and the only one capable of laying 

both fertilized eggs that will become workers and unfertilized eggs that will become 

drones [12] (See Figure 1). She makes mating flights outside the colony only once in 

her life with several drones, which will give her a sufficient supply of sperm to ensure 

the manufacture of workers for seven to eight years. (During this time, the sperm will 

remain perfectly alive in her genital tract) [12, 13, 14, 15, 16, 17]. After the mating flight, 

the queen returns to the nest to lay up to 2,000 eggs per day [12]. 

The queen is responsible for creating pheromones that control the behavior and 

growth of other bees in the hive [13, 18, 19, 20, 17]. If the queen dies or is unable to 

lay eggs, worker bees create a new queen by selecting a few larvae and feeding them, 

a special diet called royal jelly [12]. 

I.2.2. Drones 

Bee drones are often called "Willi lazy" [21]. They appear in May and play a 

crucial role in the reproductive process called "flying sperm"[22, 23]. They copulate 

with the queen in the air and then die [12] (See figure 1). Drones that did not participate 

in the reproductive process are expelled from the hive in late July and die of starvation 

[24, 25].  

Drones also have high thermogenic capacity [22, 23]. Due to their large body 

mass, they participate in the heat production of the colony under conditions of extreme 

heat stress [26] 

I.2.3. Bee workers  

           Workers are sterile bees with non-functioning ovaries and are unable to fertilize 

[12]. Nonetheless, they fulfill many duties related to reproduction, such as cleaning the 

combs and feeding the larvae, as well as constructing combs, evaporating nectar, and 

guarding the hive. Most importantly, they are in charge of finding food and water for 

the colony [27] (See figure 1). Worker bees typically survive for around six weeks 

during summer and their roles change as they grow older, usually transitioning from 

nurse to shepherd. This phenomenon, in which behavior alters with age, is called "age 

polythism" [28]. 
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           Young worker bees begin as nurse bees, tending to the development of brood 

and secreting wax to build the honeycomb. As they grow older, they transform into field 

bees and begin to forage for nectar and pollen. Toward the end of their lives, they 

become guard bees, protecting the hive from intruders [28, 29]. 

           Group cohesion is maintained by its ability to differentiate between nest 

members and non-nest members and to recognize the role of each individual, leading 

to a well-organized hive [30]. 

 

 

 

Fig1. The inhabitants of the hive 
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Chapter I: Characterization of Apis mellifera 

I.3. Apis mellifera, an important insect   

Honeybees are key pollinators for many species of flowering plants, helping to 

sustain the plants that provide food for humans and animals. Without them, many fruits, 

vegetables and nuts would not exist [31]. 

In addition, honeybees produce honey, beeswax, and other products that have a 

variety of uses in industries such as cosmetics and medicine [31, 32, 33, 34]. 

I.3.1. Pollination  

The interaction between plants and pollinators is one of the main forces that 

support biodiversity on Earth [35]; without pollinators, pollen and seeds cannot be 

delivered and flowering plants cannot reproduce [36]. 

In addition to being directly responsible for the maintenance and reproduction of 

flowering species, pollination also contributes to the survival of other elements of the 

ecosystem such as herbivores and seedeaters that depend on floral resources [31] 

The social insect species known as the honeybee Apis mellifera has successfully 

colonized many ecosystems around the world. It is essential for the pollination of wild 

and domestic plants, which has important ramifications for the global economy and the 

health of natural ecosystems [37]. Studies have shown how crucial this insect is as a 

pollinator in natural environments around the world and how important it is to protect 

them in order to preserve the genetic variety of local subspecies and their ecological 

role [38, 39, 40].  

Honey bees appear to be the most frequent pollinators in natural habitats, 

accounting for 13% of floral visits on average, with 5% of plant species visited 

exclusively by A. mellifera [41], making them the most important group of pollinators, 

and their role as pollinators in natural and agricultural ecosystems is becoming 

increasingly evident and recognized [42, 43, 44]. This also demonstrates that 

honeybees can contribute to the maintenance of biodiversity in native flowering plant 

communities [45, 46, 47], thus confirming the words of Albert Einstein: “If the bee 

disappears from the face of the earth, man will not have more than four years to live” 

I.3.2. Honeybee’s products  
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In addition to their role as pollinators, this insect has the exclusive ability to 

provide a wide range of valuable products to humans, such as wax, pollen, propolis, 

royal jelly and, especially, honey [31].  

          Honey is perhaps the most well-known product of bees, and for good reason. It 

is a natural sweetener rich in antioxidants and with antibacterial properties [12]. 

         The process of honey formation begins with the collection of nectar from plants. 

This nectar is then stored in the bee's honey stomach [47], where it undergoes 

enzymatic transformation aided by the addition of invertase [48]. The nurse bees 

collect the nectar and deposit it in the honeycomb, where it undergoes a ripening 

process that converts sucrose to glucose and fructose and evaporates water until its 

water content is reduced to about 17% [47, 48]. This process usually takes between 

one and three days before it is finalized by plugging the nectar-filled cells with beeswax 

[47]. 

         Bee pollen is a complex combination of flower pollen, nectar, enzymes, and 

honey that bees collect and store in their hive [49]. It is a superfood rich in protein, 

vitamins and minerals [50, 51, 52, 53, 54]. 

         Pollen is a microscopic grain-like structure found in the anther of stamens in 

angiosperms [55]. Worker honeybees attract hundreds, even thousands of pollen 

grains during their visits due to the weak electrostatic field generated between the 

(negatively charged) flower and the bee's body [56]. Subsequently, bees carry pollen 

as pellets and store it inside cells for later consumption to meet their protein needs and 

to synthesize jelly in their feeding glands. 

         Bee pollen is often used as a dietary supplement to boost energy and immunity, 

as well as to alleviate allergy symptoms and improve digestion [12, 57, 58, 59]. 

         Royal jelly is a milky substance that is produced by honeybees and fed to the 

queen bee [60]. It is rich in nutrients, including vitamins, minerals, and amino acids, 

and is believed to have numerous health benefits [60, 61, 62, 63]. 

         Royal jelly is often used as a dietary supplement to boost energy and immunity, 

as well as to improve skin health and reduce inflammation [64]. 

         A current study by Guo et al [65] demonstrated the biologically active effects of 

royal jelly on the maintenance of biological functions such as lifespan, immunity, 
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obesity, memory, blood sugar, digestive system, and anticancer and antibacterial 

properties [63]. In addition, further information has been provided by Ahmad et al [61] 

on the biological and pharmaceutical properties of royal jelly, including antioxidant, 

antimicrobial, wound healing, anti-aging, anticancer, anti-inflammatory, 

immunomodulatory, anti-hypertensive, anti-hyperlipidemic, neurotrophic and 

estrogenic effects. 

         Propolis is a resinous substance commonly called "bee glue", collected by bees 

from plants and trees, buds and plant secretions [66]. Honeybees use this product to 

seal cracks, smooth the interior walls, and protect dead intruders inside the hive to stop 

their decay [67]. In addition, propolis protects the colony from disease due to its 

antiseptic and antimicrobial properties [66]. Propolis has long been used for its anti-

inflammatory properties and to heal wounds, ulcers and injuries, as well as to promote 

tissue regeneration [68, 69, 70]. 

 

I.4.The differentiation of bees into queens and workers 

Honey bees (Apis mellifera) use a diverse diet and a haplodiploid sex 

determination system to produce three different organizational outcomes from the 

same genome [71, 72].  

Depending on food consumption throughout post embryonic development, two 

identical diploid embryos can mature into either a functionally sterile, short-lived worker 

or a highly reproductive, long-lived queen. Males, on the other hand, grow from 

unfertilized haploid eggs produced by a queen in specific cells. Since sex 

determination is genetically determined, drone larvae consume a different diet than 

worker larvae [72, 73]. 

In the post-embryonic stage, the differentiation between queen and worker is 

due to the feeding of the larvae [74]. At the beginning of their development, all larvae 

receive royal jelly [74]. However, from the third day onwards, some larvae are fed only 

with royal jelly and will become queens. Other larvae, fed with a mixture of royal jelly 

and bee bread, will become workers [74] (See Figure 2). 
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This nutritional difference from the third day onwards induces changes in gene 

expression and thus in the phenotype, determined by epigenetic phenomena [74, 75, 

70, 76, 77]. The physiological processes that are at the origin of the differentiation of 

phenotypes can be metabolic variations (slowing down or speeding up), developmental 

variations (shape, speed, size), for example [78]. 

Fig2. Differentiation of bees into queens and workers and their principal roles (Site 01) 
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Chapter II : Honeybees microbiota 

II.1. Introduction to the gut microbiota in honeybees  

II.1.1.  Overview of the honeybee gut microbiota 

The gut microbiota refers to a complex system of beneficial microorganisms, 

including bacteria, yeast and fungi, that inhabit the bee gut. These microorganisms 

play a critical role in the regulation of various metabolic functions, such as glucose and 

lipid homeostasis, satiety, energy management, and vitamin production [79, 80, 81]. In 

addition, the microbiota is involved in the regulation of various biochemical and 

physiological processes through the production of metabolites and other substances 

[82]. 

It should be noted that the composition of microbial communities in the gut could 

vary significantly not only between different species, but also within the same species 

[83]. 

 

II.1.2. Importance of the gut microbiota for honeybee health:  

Recent scientific findings provide enough evidence to suggest that the gut 

microbiome constitutes a new organ system in the human body, given its crucial role 

in maintaining human health and regulating various biological processes [84]. 

The gut microbiota in honeybees is vital for food digestion, nutrient production, 

and maintaining a healthy immune system [85, 86, 87, 88]. Studies have shown that a 

diverse gut microbiota is associated with improved honeybee health and resistance to 

pathogens [89, 90]. Exposure to pesticides or antibiotics can disrupt the gut microbiota 

and negatively impact honeybee health [91, 92, 88, 93] Understanding the importance 

of the gut microbiota is critical for promoting honeybee colony survival and productivity, 

which is essential for maintaining ecosystem services and food security [86, 94, 95]. 

 

II.2. Honeybees microbiome diversity 

II.2.1. Establishment of the gut microbiota in honeybees 

The social bees accommodate a microbiota that is both specialized and simple, 

arranged spatially within distinct compartments of their digestive system [96]. 
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Honey bee workers experience four distinct developmental stages: egg, larva, 

pupa, and adult [97]. Throughout these stages, there is a significant variation in the 

absolute abundance of gut-associated bacteria [98]. 

Larvae initially acquire the intestinal microbiota through interactions with nurse 

workers and food. However, the composition of intestinal microbiota is temporary, as 

the larval exoskeleton, including the intestinal mucosa, is shed in early and late 

pupation stages [99]. This shedding process eliminates any bacteria that might have 

been present in the larval midgut before pupation [99]. The mature bee bites through 

the wax cap when metamorphosis is complete. Adult worker bees are almost 

bacterium-free when they emerge [100, 101, 102], while some germs may be acquired 

when they devour [103]. 

During the first three days following emergence, the typical gut microbiota is 

developed through social contacts with other workers. The quantity of bacteria in the 

intestine grows logarithmically until it reaches 108-109 bacterial cells four days after 

emergence [104]. 

 

II.2.2. The gut microbiome diversity within honeybee casts 

Numerous studies have shown that the composition of the gut microbiome 

varies between different castes of bees, including queens, workers and drones [105] 

(See Figure 3). Interactions occur between these castes, as well as between them and 

pre-imaginal bees [106]. The lifestyle of the castes and the individual microbiota of 

honey bees are influenced by their interactions with the environment, the hive and 

other bees [107]. 

These studies also demonstrated greater microbiota diversity in queen bees 

compared to other groups [105], while worker bees showed greater variability than 

queen or drone samples (See Figure 3). 

The queen bee microbiota was distinguished by the marked presence of 

Acidobacteria, Bacteroidetes, and Cyanobacteria, whereas these groups were 

significantly reduced or absent in worker bees and drones. In contrast, all bee samples 

contain Proteobacteria and Firmicute, although Firmicutes reach their maximum level 

with restricted diversity in drones. worker bees are characterized by a notable 
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abundance of should be noted that the queen bee may sometimes have low levels of 

Lactobacillus bacteria relative to other bees Proteobacteria and Firmicute [105] (See 

Figure 3). 

It when she is old or ill [105], but in general, healthy queens have high levels of 

Lactobacillus relative to other groups [108]. 

 

II.3. Diversity of honey bee workers gut microbiota 

Considering the variations in the gut microbiome of different bee castes, it is 

interesting to look specifically at the gut microbiota of worker bees. 

Metagenomic studies based on 16S rRNA and total DNA of the gut community 

have revealed the presence of nine species of bacteria dispersed in the gut of worker 

bees, representing 95% to 99.9% of the bacteria present in almost all individuals [109, 

110, 111]. Among these nine taxa present in the bee digestive tract, two species of 

Gram-negative proteobacteria are ubiquitous: Snodgrassella alvi and Gilliamella 

apicola [112, 113, 114]. In addition, two species of Gram-positive belonging to 

Firmicutes such as Lactobacillus Firm-4 and Lactobacillus Firm-5, are abundant and 

widespread in the rectum [112, 113] Bifidobacterium asteroides is also found in 

relatively small quantities compared to other bacteria species [115, 116]. These 

Fig 3. Variability of major gut microbiota groups in different castes bees 
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microorganisms are considered essential in the bee gut, being commonly called the 

"core bacteria" [117]. Other species belonging to the Proteobacteria, less abundant or 

less stable, have been identified, such as Frischella perrara, Parasaccharibacter 

apium, Bombella apis, Bombella mellum, Bombella favorum, Bartonella apis and 

Commensalibacter sp. Two other species of the phylum Bacteroidetes have also been 

identified: Apibacter mensalis and Apibacter adventoris [113, 114, 115, 118, 119, 120]. 

The worker bee gut is composed of three distinct sections, each one harboring 

different bacterial communities (see Figure 4). The first section, called the crop, has a 

low presence of bacteria, being mainly colonized by species affiliated to the 

Enterobacteriaceae, Lactobacillus kunkeei and P. apium, which are identified in nectar 

and hive materials [121, 122, 123]. 

The second section, the midgut, is the site of food digestion and nutrient 

absorption. It contains the fewest bacteria among the parts of the digestive tract, with 

about 107 cells [124]. The dominant species in this section are Gilliamella apicola, 

Snodgrassella alvi and Bartonella apis [124, 125]. Other bacteria, such as 

Parasaccharibacter apium and Lactobacillus kunkeei, are also frequently found and 

are mainly derived from pollen and nectar [124]. The pylorus, a small segment just 

downstream of the midgut, is colonized by Frischella perrara (see Figure 4) [126]. 

The hindgut is divided into two distinct regions, the ileum and the rectum, which differ 

in their bacterial community composition [127]. The ileum is covered by a large biofilm 

dominated by major Gram-negative species such as S. alvi, G. apicola, as well as 

bacteria of the genus Lactobacillus Firm-5 and Firm-4 [124] (See figure 4). 

On another hand, the rectum plays a role in water absorption and fecal formation 

[127]. It is the place where bacteria are most abundant, with about 109 bacterial cells 

[128]. The rectum is mainly dominated by Lactobacillus Firm-4, Lactobacillus Firm-5 

and Bifidobacterium species [124] (See Figure4). 
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II.4. Diversity and dynamics of gut microbiota in adult worker bees 

The adult workers have a fairly consistent assemblage of gut bacteria compared 

to males or females [129, 130, 131], as well as compared to other insects in general 

[132, 133]. However, even workers of the same age in the same colony can have very 

different proportions of baseline gut species [134, 130, 135]. Changes in the relative 

proportions of core species can also occur in colonies due to age or season [129, 136]. 

The extent to which these changes are specific to particular geographic regions or 

conditions is unclear, in part because it is not possible to directly compare community 

profiles generated by different laboratories using different nucleic acid extraction and 

amplification protocols [137].  

More mature foragers may have a lower abundance of core bacteria than young 

adult bees [129]. Several studies using 16S rRNA gene profiling have shown minor 

differences in gut community composition between colonies in different locations [134, 

129, 138]. Regarding seasonal patterns, a 6-month longitudinal study of workers' guts 

revealed changes in the microbiome [136]; however, guts can produce erratic results 

due to their low bacterial content. Another study found minor differences in whole-gut 

communities between fall and spring foragers [139]. 

Fig4. The several main species of the bee gut microbiota and their distribution  
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II.5. The role of the microbiome in all individuals 

The significance of the species comprising the intestinal microbiome has been 

demonstrated in several studies, much like the human microbiota, which is involved in 

most metabolic and immune functions of the body. Therefore, it is assumed that the 

intestinal microbiome of bees is equally important. Consequently, studies have been 

conducted based on laboratory experiments that expose bees to various factors and 

monitor changes in the quality of the intestinal microbiome, thus affecting the overall 

functioning of the organism. As a result, several important roles have been identified 

for the intestinal microbiota of bees. It is evident that the intestinal microbiome of bees 

plays a vital role in their overall health and functioning [140, 141, 142, 143, 144, 145, 

146, 147, 148]. 

 

II.5.1. Nutritional and physiological metabolic roles 

The nutritional requirements of honeybees are exclusively fulfilled through the 

consumption of nectar and pollen. Analysis of the bee gut microbiota through 

metagenomic studies has uncovered two fundamental functions performed by the 

honeybee gut microbiota: nutrient synthesis and biomass decomposition. These roles 

are vital for the breakdown and utilization of the ingested food sources [149]. 

Extensive research has been conducted by subjecting bees to experiments 

involving an imbalanced diet containing insufficient amounts of essential nutrients such 

as vitamins and amino acids. These studies have focused on investigating the 

nutritional function, including nutrient synthesis. The findings suggest that honeybee 

endosymbionts play a crucial role in producing nutrients that are not readily available 

in their dietary sources [150]. 

Both the gut microbiome and the host bee possess the capability to release 

cellulolytic enzymes for the decomposition and catabolism of biomass. Studies indicate 

that the presence of microbial activity enhances the efficiency of these processes, 

leading to more effective breakdown and utilization of biomass [150]. 

The ability of core honeybee microbiome species like Lactobacillus species, G. 

apicola, and Bifidobacterium to metabolize a variety of plant carbohydrates and related 
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compounds, including pectin, a significant constituent of pollen's inner wall, has been 

shown through genomic and metabolic studies. According to Zheng et al., G. apicola 

which mostly inhabits the intestinal compartment, is in charge of breaking down pectin 

into galacturonate, which is a significant pectin degradation by product. These 

intestinal microbes also assist in the detoxification of secondary plant chemicals, lipid 

and protein digestion, and protein synthesis [151, 152]. 

Furthermore, these studies have provided evidence that these bacteria have a 

primary capability for metabolizing mannose, a key component of nectar. In addition, 

intestinal symbionts play a crucial role in converting plant exudates and buds into 

propolis, as well as facilitating the fermentation process that transforms nectar into 

honey. Moreover, they contribute to the preservation of honey's freshness [153, 154]. 

 

II.5.2. The role of gut microbiome in bee health 

Similar to the impact of the gut microbiome on human immune function and 

overall health, recent studies have revealed the significant role of the gut microbiota in 

honeybees [155]. Notably, research has demonstrated that disruptions in the gut 

microbiota caused by the antibiotic tetracycline render honeybees more vulnerable to 

the opportunistic bacterium Serratia, consequently diminishing their survival rates 

[157]. 

An increase in the abundance of the parasite Lormaria passim has been 

observed when there is a disturbance in the composition of the gut microbiota [156]. 

Moreover, feeding bees with aged pollen leads to higher mortality rates due to elevated 

levels of the Nosema fungus. This dietary change also results in significant alterations 

in the composition of gut endosymbionts, leading to the development of a highly 

imbalanced microbiome. Consequently, the dysbiosis within microbiome may 

compromise gut resistance to internal pathogens [158]. 

These research findings, supported by monocolonization tests and microbiota 

transplants, establish a clear link between the gut microbiota and their host, 

honeybees, and demonstrate a relationship between pathogen resistance and host 

benefits. Moreover, investigations have revealed that the gut microbiomes play a role 

in regulating insect competence by modulating the gut environment to inhibit parasite 
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growth and stimulate the host immune system. The production of antimicrobial 

peptides by the gut microbiota further contributes to the control of bacterial and 

parasitic infections [159, 160].  

However, the extent to which these effects act as priming responses to enhance 

pathogen resistance remains to be fully elucidated. In this context, the mucosal 

immune system faces the challenge of simultaneously carrying out two contradictory 

tasks. On one hand, it needs to tolerate the presence of the gut microbiota to avoid 

eliciting detrimental systemic immune responses. On the other hand, these microbes 

play a crucial role in maintaining intestinal homeostasis through various mechanisms, 

such as the production of peptidoglycans, lipopolysaccharides, flagellins, and other 

factors [161, 162]. 

The gut bacteria play a pivotal role in achieving various essential objectives, 

including the regulation of nutrient digestion and overall physiological functions. The 

harmonious interaction between the microorganisms and the host's immune system is 

crucial for maintaining a well-functioning body. This intricate relationship also 

influences several important aspects, such as body size, weight gain, developmental 

rate, metabolism, stress susceptibility, stem cell activity, and wing area. All these 

factors contribute to the overall balance and well-being of the honeybee's body [137]. 

 

II.6. Factors that disrupt the honeybee gut microbiota  

Like any other species, honeybees face pressure from various biotic and abiotic 

factors due to their ecological importance and the challenges they encounter. These 

factors can influence the composition and dynamics of the microorganism communities 

that constitute the gut microbiota of bees [163, 164]. 

II.6.1. Impact of biotic factors on honeybee gut microbiota 

The gut microbiota of bees is significantly influenced by various pathogens, 

including those transmitted by parasites such as Varroa mites (Varroa destructor) and 

small hive beetles (Aethina tumida). Additionally, fungi such as Nosema ceranae and 

Nosema apis, as well as bacteria including Paenibacillus larvae, Melissococcus 

plutonius, and Paenibacillus alvei, and viruses such as Sacciform Brood Virus, Queen 
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Black Cell Virus, and Chronic Bee Paralysis Virus, have a profound impact on the bee's 

gut microbiota [165, 166, 167, 168]. 

II.6.2 Impact of abiotic factors on honeybee gut microbiota 

Honeybees are exposed to various pesticides, including chlorothalonil, 

imidacloprid, and coumaphos, through contaminated nectar, pollen, and water. These 

pesticides can have detrimental effects on their health [169, 170, 171]. Moreover, they 

can disrupt the structure and function of the honeybee microbiome, leading to a 

decrease in beneficial gut bacteria and an increase in pathogenic microorganisms 

[172]. 

Additionally, honeybees face environmental challenges such as inadequate 

nutrition, pollution, reduced vitality and genetic diversity, and degradation of 

environmental quality. They also experience fluctuations in humidity, temperature, and 

light conditions [173, 174]. 

 

II.7. Methods to study the diversity of the microbiome 

The significance of gut microbial communities for the overall health of animals, 

including humans and insects, has gained widespread recognition in recent years 

[175]. This recognition has been primarily driven by the development of advanced tools 

for studying microorganisms in non-laboratory environments, facilitated by two distinct 

methods. 

II.7.1. The monoculture and Metagenomic 

The monoculture method involves sterile collection of bee samples from different 

hives and developmental stages. These samples are then aseptically cultivated in 

specific media to isolate their microorganisms. Subsequent molecular tests, such as 

amplification of the 16S rRNA using the CTAB-Phenol-Chloroform DNA extraction 

method, are employed for the identification of the isolated bacteria [176]. 

In contrast, the metagenomic method entails sequencing the genomes of all 

bacteria present in the bee's gut. The DNA is extracted from the bee's gut, followed by 

sequencing and targeted amplification of the 16S rRNA or the entire genome. 

Bioinformatic assembly of the sequenced genome(s) is then performed, and the 

resulting sequences are analyzed [177]. This approach has provided insights into the 
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symbiotic capabilities of these bacteria and has enhanced our understanding of the 

functional and evolutionary genetic content of the specific gut microbiota in honeybees 

[176]. 

While traditional culture-based approaches were commonly used, they often 

yielded inaccurate and limited insights into microbial populations, particularly in 

complex habitats like the gut. This is primarily attributed to the difficulty of cultivating 

the majority of organisms found in these environments under laboratory conditions 

[177]. The culture-based approach focuses on identifying the approximately 1% of 

culturable, living microorganisms in a sample. These microorganisms can exhibit 

various colony shapes and traits, which are further investigated through phenotypic 

and molecular analyses for classification purposes [177]. In contrast, the metagenomic 

technique enables the identification of both cultivable and non-cultivable 

microorganisms, leading to improved classification and a more comprehensive 

identification of the microbial community [178]. 
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         The aim of our work is to investigate on the Apis mellifera gut microbiota diversity 

from North of Africa (Algeria).   During our investigations, we follow both cultural and 

molecular methods. For this purpose, the insect samples were harvested from Sir 

BENLAKEHAL’s hives and our study was conducted between two laboratories. The 

harvest of the gut was performed in the Faculty of Medicine laboratory, Abderrahmane 

Mira Bejaia University. Subsequently, the cultural isolation and molecular analysis 

using the 16S rRNA PCR method were carried out at the Laboratory of Water and Food 

Bacteriology at the Pasteur Institute of Algiers, Algeria. 

The initial step involved the meticulous extraction of the gut from the honeybees, 

which was conducted at the specialized laboratory of the Faculty of Medicine, 

Abderrahmane Mira University in Bejaïa. Precise techniques were employed to ensure 

the accurate extraction of samples. 

Following the extraction, our research progressed to the Laboratory of Water 

and Food Bacteriology at the Pasteur Institute of Algeria, where the cultural isolation 

of the extracted samples took place. In this laboratory, we successfully isolated and 

cultivated the bacteria present in the digestive system, allowing for their 

comprehensive characterization. 

Concurrently, we employed the molecular method of 16S rRNA PCR to amplify 

and genetically analyze the samples. And later the obtained results were confirmed by 

the metagenomic analysis. This molecular analysis provided detailed insights into the 

molecular diversity of the honeybees' digestive system. 

By combining cultural and molecular approaches, our study has provided a 

comprehensive understanding of the diversity within the domestic honey bee Apis 

mellifera gut. 

III.1. Apis mellifera gut sampling  

III.1.1. Apis mellifera samples  

During the autumn season (September to October, 2022), the samples were 

harvested from three areas in Algeria: north-central, northwest, and southeast (See 

table I and Figure 5). In the north-central zone, samples (Sample 01) were collected 

from the forested area of Allessa village, located in the Ouled Rachad district, which is 

part of the Bechloul municipality (See Figure 6). This village is situated approximately 
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thirty kilometers southeast of the Bouira province. In the northwest zone, samples 

(Sample 02) were collected from the Oued El Kheir region, situated in the central-

southern part of the Mostaganem province (See Figure 7). Lastly, in the southeast 

zone, sampling (Samples 03) was harvested in the forage-rich region of Doucen, a 

municipality in the Ouled Djellal province (formerly Biskra municipality) (See Figure 8). 
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Fig5. The different sampling sites 



  

Page | 27  
 

Chapter III: Materials and methods  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi
g6

. A
re

a 
Sa

m
p

lin
g 

1
 –

 A
lle

ss
a 
– 

O
u

le
d

 R
ac

h
ad

 –
 B

o
u

ir
a.

 



  

Page | 28  
 

Chapter III: Materials and methods  
 

 

 

 

 

 

 

Fi
g7

. A
re

a 
Sa

m
p

lin
g 

2
 –

 O
u

ed
 E

l K
h

ei
r 
– 

M
o

st
ag

an
em

 



  

Page | 29  
 

Chapter III: Materials and methods  
 

  

Fi
g8

. 
A

re
a 

Sa
m

p
lin

g 
3

 –
 D

o
u

ce
n

 –
 O

u
le

d
 D

je
lla

l. 



  

Page | 30  
 

Chapter III: Materials and methods  
 

According to information (Table I) obtained from Mr. BENLAKEHAL: "Each bee 

hive is unique and has specific factors and characteristics that influence the health and 

productivity of the bees. As a beekeeper, it is our responsibility to provide our bees the 

optimal conditions for their well-being. Among these factors, we place great importance 

on climate, as bees are sensitive to variations in temperature and humidity. We also 

ensure that they have adequate food, with access to a variety of flowers and pollen 

sources to ensure a balanced nutritional intake. The condition of the hive is another 

crucial aspect, as we make sure it is disease-free, well-ventilated and spacious enough 

for the colony to thrive. Finally, we pay attention to the environment surrounding the 

hives, avoiding exposure to pesticides and promoting natural habitats conducive to 

pollination. By taking all these factors into account and providing the ideal conditions, 

we allow our bees to thrive and play their vital role in pollination and ecosystem 

preservation as well as productivity." 

Attached are the characteristics of the bees sampled: 

 

 

 

         The sampling was carried out by Mr. BENLAKEHAL with precision following the 

sequential steps outlined below: First, the jars were previously filled halfway with 

absolute ethanol, which is a commonly used preservative for the preservation of 

biological samples. Then, once in the field, the jar was opened in front of a randomly 

selected hive in the collection area. At this point, the flying bees were captured and 

introduced into the jar. The ethanol in the jar preserves the bees and prevents 

degradation of the microbial samples in their gut.  

Table I. Different characteristics of our samples 

 

36.374332° N, 

4.091804° E 

35.985787° N, 

0.420409° E 

34.4334426° N, 

5.081450° E 
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         After filling the jars with the flying bees, they were sealed tightly. Then, the jars 

were stored in a refrigerator at a temperature of 4°C. This low-temperature storage 

step is important to maintain the stability of the samples and preserve the 

microorganisms in them until later analysis. Keeping the jars under proper refrigeration 

conditions prevents deterioration of the microbial samples and ensures their integrity 

for subsequent studies. 

 

III.2. Extraction of the gut from the bee 

         In order to launch the investigations on the gut microbiome diversity we extracted 

the gut from the insect’s body. Under septic conditions we carried out the desiccation 

of the insect body and the gut was collected into sterile Eppendorf tubes containing a 

mixture of heart brain broth and glycerol (50/50) (v/v). Then, the tubes were conserved 

at 4°C until the investigations process.     

  

III.3. Bacterial diversity of Apis mellifera gut microbiota  

In this section, we will outline our methodological study approach to isolate, 

purify and identify the diversity of the gut microbiome in our bee samples. To do so, 

our work has been divided into two distinct fields of study: a microbiological cultural 

study and a molecular study involving the identification of our isolates. 

 

The culture-based microbiological study consists of culturing the samples on 

specific culture media in order to isolate the different bacteria present in the bee gut. 

Subsequently, these isolates were purified and subjected to biochemical tests such as 

catalase and oxidase, as well as microscopic observation in the fresh state and using 

Gram stains. 

 

On the other hand, the molecular study involves the use of 16S RNA sequencing 

techniques to identify the different bacterial strains present in the samples. This method 

allows a more accurate and complete identification of the microbial diversity in the bee 

gut. 
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III.3.1. Bacterial diversity counting   

This section deals with the preparation of stock suspensions from bee digestive 

tracts, followed by their plating on specific culture media. This method allows the 

isolation of the different bacterial strains present in bee digestive tracts. 

III.3.1.1. First trial  

The experiment began by performing a first test on samples from the first region 

(Bouira). For this purpose, the digestive tubes of five samples were crushed in 

Eppendorf, thus allowing the preparation of the stock suspensions. 

 

Then, from these stock suspensions, a series of dilutions was performed to 

obtain different concentrations, ranging from 10-1 to 10-4. This was done by adding 100 

µL of the stock suspension into 900 µL of appropriate sterile TSE buffer, following a 

precise dilution scheme. 

 

Each stock suspension thus diluted was inoculated into plate count agar (PCA) 

medium, which were used for the enumeration of microorganisms (see Table I in 

supplementary data 2). A total of twenty plates were used for this assay. Inoculation 

was performed by using a rake pipette and dropping a 100 µl volume of each 

suspension into each PCA medium. It is important to note that all manipulations were 

performed aseptically to avoid external contamination and to ensure reliable results. 

 

Once inoculation was complete, the PCA plates were placed in an incubation 

set at a constant temperature of 30°C. The plates were left to incubate for 72 hours to 

allow growth and development of the microorganisms in the suspensions. 

 

III.3.1.2. Second and third trials 

The experimental protocol was replicated in a similar manner on samples from 

the other regions, namely Mostaganem and Ouled Djellal. However, adjustments were 

made to the number of dilutions and plates used due to the relatively low microbial load 

observed in these samples. 
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For the samples from the Mostaganem region, three different dilutions were 

prepared from the stock suspensions. Each dilution was made by adding 100 uL of the 

stock suspension in a volume of 900 uL of TSE, following a precise dilution scheme. 

Then, these three diluted suspensions were inoculated into PCA medium, allowing the 

presence and growth of microorganisms to be assessed in each dilution. A total of 

three PCA plates were used for each sample from the Mostaganem region (see Table 

I in supplementary data 2). 

 

For the Ouled Djellal samples, due to the even lower microbial load observed in 

the previous trials, only one dilution was prepared from the parent suspension. This 

dilution was carried out in the same way as for the other samples. Subsequently, the 

diluted suspension was inoculated into a single PCA dish, allowing detection and 

enumeration of the microorganisms present (see Table I in supplementary data 2). 

 

All manipulations, including preparation of the dilutions, inoculation into the PCA 

plates and incubation at 30°C for 72 hours, were performed aseptically to prevent 

external contamination and ensure reliable results. 

 

III.3.2. Bacterial isolation and purification  

To isolate and purify the bacteria, the protocol started with the preparation of the 

stock suspensions from the five samples from the Bouira region. The digestive tubes 

of each sample were carefully crushed with a sterilized metal rod to release the 

bacteria present. To optimize the bacterial load, a volume of 100 µl of each stock 

suspension was taken and inoculated into 1 mL of BHIB broth contained in Eppendorf 

tubes. These Eppendorf tubes were then placed in an oven set at 37°C, thereby 

promoting bacterial growth for a period of 24 hours. 

The following day, the incubated Eppendorf tubes were collected and processed 

for the preparation of appropriate dilutions. A volume of 100 µL of each incubated 

suspension was taken with a sterile micropipette and carefully placed in 900 µl of TSE 

solution. This step resulted in a 10-1 dilution, reducing the initial concentration of 

bacteria. 
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From this 10-1 dilution, a new 100 µL sample was taken and placed in Petri 

dishes containing different selective culture media. For each medium, the flooding 

method was used, involving the addition of the precise volume of the diluted sample 

over the entire surface of the medium using a sterilized rake pipette. The selective 

media used included GYC, MRS, Chapman, Macconkey, VRBG, Baird Parker, TSA 

and TBX. However, for VF and SFB media, specific dilution volumes of 500 µL and 1 

mL respectively were added. 

Once the petri dishes were inoculated, they were scored and placed in an oven 

adapted to the temperature and duration of each selective medium. Appropriate 

incubation times were observed to allow growth and development of the bacteria, as 

well as the formation of characteristic colonies on the selective media. 

The entire protocol was carried out under strict aseptic measures to avoid cross-

contamination and ensure the reliability of the results obtained.  

After 24 hours of incubation, a 100 µL volume of the dilution from the SFB tubes 

was inoculated onto plates containing Hektoen medium and   then incubated at 37°C 

for 24 hours. 

The bacterial colonies that developed in the petri dishes were then observed 

and evaluated to provide valuable information on the presence and abundance of 

bacteria in the samples from the Bouira region. 

The same protocol was applied to samples from the other two regions, 

Mostaganem and Ouled Djellal. However, adjustments were made to the dilutions due 

to the bacterial load observed in the samples from the Bouira region, for which 

additional dilutions were performed for the samples from the Mostaganem and Ouled 

Djellal regions. Thus, the number of dilutions was increased until a dilution of 10-3 was 

reached. This would allow to obtain bacterial concentrations more adapted for an 

accurate and reliable reading of the results. 

Once bacterial growth was assured in the culture dishes, including GYC, MRS, 

Chapman, Baird Parker, TSA, and PCA media, bacterial colonies were purified by 

transferring a separate colony from each dish to the same appropriate selective media. 

The plates were then incubated under conditions appropriate for each medium. 
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After confirming the purity of the dishes, one colony from each purified dish was 

sub-cultured with a Pasteur pipet and placed in a tube containing 5 ml of BHIB. The 

tubes were incubated at temperatures appropriate for each isolate for 24 hours. 

The next day, the tubes were retrieved from the ovens and 5 mL of 99.6% 

glycerol was added. The tubes were then carefully vortexed with a Pasteur vortexer 

and divided into 2 mL cryotubes for short-term storage at 4 °C for future use. 

It is worth noting that all manipulations during this purification step were 

conducted aseptically to prevent cross-contamination and ensure reliable results. 

 

III.3.3. Bacterial identification 

We used a biochemical procedure for identification of our preserved isolates, 

which included Gram stain, catalase, and oxidase tests, as well as fresh observation 

for initial characterization of isolates. Next, a selection of isolates was made for 

identification using 16S RNA. 

To complete this process, we used colony-based PCR and specialized primers 

targeting stable regions of the 16S gene (V3 and V4). The size of the amplified genes 

was approximately 200 base pairs. This method allowed us to obtain unique DNA 

sequences for each isolate. 

The discovered DNA sequences were then subjected to bioinformatics 

processing to be compared with reference databases. This allowed us to determine 

the bacterial species corresponding to our isolates based on their genetic similarity. 

It is important to note that all steps of this protocol were performed according to good 

laboratory practices and using aseptic technique to ensure the reliability of the results. 

 

III.3.3.1.  16S DNA PCR amplification 

To successfully conduct this study, a specific experimental protocol was 

established based on these data. It can be divided into several distinct steps: 

The reaction was performed in a total volume of 25 μL reaction mixture, comprising 

12.5 μL of double master mix (2xTaq polymerase - Algeria), 0.5 μL of each primer (10 

μM), 9.5 μL of water, and 2 μL of bacterial suspension (See Table II). The amplification 

was carried out in a thermocycler (Biometra TRIO-Thermoblock from Pasteur Institute) 
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with an initial hot start cycle (3 min, 95°C), followed by 34 cycles of denaturation (30 

sec, 95°C), annealing (30 sec, 55°C), extension (1 min, 72°C), and a final extension 

cycle (7 min, 72°C) (See Table III). 

The 16S DNA sample underwent a sequencing procedure after being purified. 

To obtain the entire sequences of 16S RNA, we employed a sequencer. This 

sequencing was carried out following the appropriate protocols and parameters to 

ensure reliable and accurate results.  

  

Table II: Volumes of reaction mixture preparation 
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III.3.3.1.1. Suspensions and reagent preparation 

To begin with, a young culture was created using the selected isolates. The aim 

of this step was to stimulate development while ensuring isolate purity. The colony was 

then picked up at the tip of a sterile Pasteur pipette and transferred to a 500 mL 

Eppendorf tube. These Eppendorf tubes had previously been filled with 10 µL of 

ultrapure water. 

We then designed our reaction mixture according to the above-mentioned 

protocol and the number of strains we intended to analyze. 

After running the PCR according to the cyclic program described above, we 

recovered the PCR products obtained and proceeded to the next electrophoresis step. 

 

III.3.3.2. Electrophoresis and visualization of UV PCR bands 

To prepare the electrophoresis gel, we dissolved 3 g of basic agarose in 200 mL 

of TAE buffer in a clean vial, resulting in a 1.5% gel concentration. The vial containing 

the agarose solution was heated in a microwave oven in 30-second increments until 

the agarose was completely dissolved. After each increment, the solution was carefully 

stirred to ensure uniform dissolution. Once the agarose was dissolved, we added 6 µL 

of BET intercalant to the solution and gently stirred to disperse the intercalant well in 

the gel. 

Table III: Cycling instruction 
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Next, we prepared the gel support by inserting strips to form the wells. The 

prepared gel solution was poured into the gel holder, then the gel was left to solidify 

for around 30 minutes at room temperature. 

Once the gel had solidified, we placed it in an electrophoresis tank filled with 

TAE migration buffer. We loaded 10 µL of PCR product into the gel wells using a 

micropipette. In addition, a 1 kb molecular weight marker was loaded into a specific 

well to serve as a reference. 

Next, we connected the electrophoresis tank to a power supply (APELEX) set at 

100 V and let the samples migrate through the gel for one hour. After migration, the 

gel was exposed to a UV light source to visualize the DNA bands. 

After ensuring visualization of the DNA bands at a size of 200 bp, the products 

were sent for sequencing. 

With the sequences obtained, we were able to obtain information on the 

similarity and identification of the corresponding bacterial organisms. 

In order to confirm the 16S DNA PCR results, metagenomic analysis was carried 

out by targeting the V3-V4 16S DNA region.   

III.3.2.3. The sequence treatment and analysis   

Once we received the complete sequences of 16S rRNA, we used the NCBI’s 

GenBank resources (http://blast.ncbi.nlm.nih.gov/Blast.cgi) for further validation and 

comparison and we used the MEGA6 software (http://www.megasoftware.net/) to 

perform the sequences analysis and built the phylogenetic trees. 
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IV.1. Phenotypic evaluation and characterization of Bacterial 

diversity 

In this study, sampling was carried out in autumn 2023, where we used a total 

of 15 bee samples, corresponding to 15 digestive tubes. More specifically, we 

extracted 5 digestive tubes from bees in the Bouira region, 5 digestive tubes in the 

Mostaganem region and 5 digestive tubes in the Ouled Djellal region. 

 

To characterize the microbiota of these samples phenotypically, we carried out 

an enumeration using PCA medium to quantify the number of bacterial colonies 

present in the samples (see Table IV). 

  

We then proceeded with isolation on specific media enabling the growth and 

identification of certain types of bacteria, which are then purified on the same 

appropriate specific media (Supplementary data 2). 

 

Finally, we subjected the isolates obtained to phenotypic characterization tests, 

including Gram staining, catalase tests to assess the presence of the catalase enzyme 

and oxidase tests to detect oxidase enzyme activity (see tables VI, VII, VIII). 

 

IV.1.1. Enumeration  

The total number of bacteria recovered on PCA from the 15 samples collected 

from three distinct sites (Bouira, Mostaganem, and Ouled Djellal) was 425 CFU (see 

Table III). The Bouira region provided 73 CFU, or 17.18% of the total, to these samples. 

Mostaganem provided 145 CFU, accounting for 34.12% of the total. Finally, the Ouled 

Djellal region provided 207 CFU, accounting for 48.71% of the total (see Table V). 

 

 

 

 

Table IV: Enumeration of bacteria on PCA medium for samples 

from Different Regions 
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IV.1.2. Isolation and purification 

With regard to isolation and purification, the bacteria obtained from bee samples 

(15) taken from three different sites respectively (Bouira, Mostaganem and Ouled 

Djellal) comprised 83 isolates, indicating a high level of bacterial diversity. 

Of these 83 isolates, 13.25% grew on PCA medium, 22.9% on GYC medium, 

20.48% on MRS medium, 21.7% on TSA medium, 13.25% on Chapman medium and 

8.43% on Baird Parker medium. 

These results indicate a diversity of bacterial strains isolated from bee samples, 

with varying preferences in terms of culture media favorable to their growth. 

 

IV.2. Phenotypic analysis   

Based on similarity between isolates, we selected 66 of the 83 for phenotypic 

characterization using an approach comprising a macromorphological study, a 

micromorphological study including Gram staining, and biochemical tests such as 

catalase and oxidase. 

This phenotypic approach provided us with various aspects concerning the 

different selective media used, indicating the bacterial variety present in the gut 

microbiota of our bees (See table V, VI, VII). 
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Lot Isolates GYC MRS PCA CHAPMAN 
BAIRD 

PARKER 
TSA 

Bouira 

A1 +           

A2 +           

A3 +           

A4 +           

A5 +           

A6 +           

A7  +         

A8  +         

A9  +         

A10    +       

A11    +       

A12      +     

A13      +     

A14      +     

A15        +    

A16        +   

A17        +   

A18          + 

A19          + 

A20          + 

Table V: The development of Bouira isolates on different media. 
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Lot Isolates GYC MRS PCA CHAPMAN 
BAIRD 

PARKER 
TSA 

Mostaganem 

A21 +           

A22 +           

A23 +           

A24 +           

A25 +           

A26 +           

A27 +           

A28 +           

A29 +           

A30   +         

A31   +         

A32   +         

A33   +         

A34   +         

A35   +         

A36     +       

A37     +       

A38       +     

A39       +     

A40       +     

A41         +   

A42         +   

A43           + 

A44           + 

A45           + 

A46           + 

A47           + 

A48            + 

A49            +  

A50            +  

A51             +  

A52             +  

Table VI: The development of Mostaganem isolates on different media. 
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Lot Isolates GYC MRS PCA CHAPMAN 
BAIRD 

PARKER 
TSA 

Ouled 

Djellal 

A53 +           

A54 +           

A55 +           

A56 +           

A57  +         

A58  +         

A59    +        

A60      +     

A61      +     

A62      +      

A63        +    

A64          + 

A65          + 

A66          + 

Table VII: The development of Ouled Djellal isolates on different 

media. 
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IV.2.1. Gram Staining Results 

Among the 66 characterized isolates, we observed a predominance of Gram-

positive over Gram-negative bacteria among the 66 isolates characterized. More 

specifically, we found that 80.3% of isolates were Gram-positive, while 19.7% were 

Gram-negative. 

To be more precise, we obtained 70% Gram-positive bacteria for isolates from 

the Bouira region, with 30% Gram-negative bacteria. In the Mostaganem region, we 

observed 92.3% Gram-positive bacteria and 7.7% Gram-negative bacteria. Finally, for 

isolates from the Ouled Djellal region, we obtained 78.8% Gram-positive and 21.4% 

Gram-negative bacteria (See tables VIII, IX, X). 

IV.2.2. Biochemical Evaluation  

Biochemical evaluation of our isolates provided additional information on the 

phenotypic characteristics of the bacteria studied. The results of the catalase and 

oxidase tests were analyzed to determine the presence or absence of these enzymes 

in the isolates. 

With regard to the oxidase test, we observed that 18.91% of isolates were 

oxidase-positive, while 81.09% were oxidase-negative, for all three regions studied. 

More specifically, in the Bouira region, 14.3% of isolates were oxidase-positive, 

while 85.7% were oxidase-negative. In the Mostaganem region, 33.3% of isolates were 

oxidase-positive, while 66.6% were oxidase-negative. Finally, in the Ouled Djellal 

region, 9.1% of isolates were oxidase-positive, while 90.9% were oxidase-negative 

(see tables VIII, IX, X). 

To assess catalase, we examined the presence or absence of this enzyme in 

our bacterial isolates. Across the three regions studied, 89.28% of isolates were 

catalase-positive, while 10.72% were catalase-negative. 

In the Bouira region, 88.24% of isolates were catalase-positive, while 11.76% 

were catalase-negative. In the Mostaganem region, 86.7% of isolates were catalase-

positive, while 13.3% were catalase-negative. Finally, in the Ouled Djellal region, 

92.9% of isolates were catalase-positive, while 7.1% were catalase-negative (See 

tables VIII, IX, X). 
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Based on the provided results, we can compare the three regions in terms of 

Gram staining, catalase, and oxidase activity as follows:  

Comparing of results between Northwest and North-central regions: 

• Gram Staining: Mostaganem had a higher proportion of Gram-positive bacteria 

(92.3%) compared to Bouira (70%). Bouira had a higher proportion of Gram-

negative bacteria (30%) compared to Mostaganem (7.7%). 

• Catalase Activity: Bouira had a slightly higher percentage of catalase-positive 

isolates (88.24%) compared to Mostaganem (86.7%). The catalase-negative 

isolates were slightly higher in Mostaganem (13,3%) compared to Bouira (11,76%). 

• Oxidase Activity: Mostaganem had a significantly higher percentage of oxidase-

positive isolates (33.3%) compared to Bouira (14.3%). The percentage of oxidase-

negative isolates was higher in Bouira (85.7%) compared to Mostaganem (66.6%). 

 

Comparing of results between North-central and Northern Sahara regions: 

• Gram Staining: Ouled Djellal had a higher proportion of Gram-positive bacteria 

(78,8%) compared to Bouira (70%). Bouira had a higher proportion of Gram-

negative bacteria (30%) compared to Ouled Djellal (21,4%). 

• Catalase Activity: Ouled Djellal had a slightly higher percentage of catalase-

positive isolates (92.9%) compared to Bouira (88.24%). The catalase-negative 

isolates were slightly higher in Bouira (11.76%) compared to Ouled Djellal (7.1%). 

• Oxidase Activity: Ouled Djellal had a lower percentage of oxidase-positive 

isolates (9.1%) compared to Bouira (14.3%). The percentage of oxidase-negative 

isolates was higher in Ouled Djellal (90,9%) compared to Bouira (85,7%). 

 

Comparison of results between Northern Sahara and Northwest regions: 

• Gram Staining: Ouled Djellal had a lower proportion of Gram-positive bacteria 

(78.8%) compared to Mostaganem (92.3%). Mostaganem had a lower proportion 

of Gram-negative bacteria (7.7%) compared to Ouled Djellal (21.4%). 

• Catalase Activity: Ouled Djellal had a slightly higher percentage of catalase-

positive isolates (92.9%) compared to Mostaganem (86.7%). The catalase-
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negative isolates were slightly higher in Mostaganem (13.3%) compared to Ouled 

Djellal (7.1%). 

• Oxidase Activity: Ouled Djellal had a lower percentage of oxidase-positive 

isolates (9.1%) compared to Mostaganem (33.3%). The percentage of oxidase-

negative isolates was lower in Mostaganem (66.6%) compared to Ouled Djellal 

(90.9%). 

These comparisons highlight the variations in the proportions of Gram-positive and 

Gram-negative bacteria, as well as differences in catalase and oxidase activity among 

the three regions. The Mostaganem region had the highest proportion of Gram-positive 

bacteria, while the Bouira region had the highest proportion of Gram-negative bacteria. 

In terms of catalase activity, the Ouled Djellal region had the highest percentage of 

catalase-positive isolates, while the Mostaganem region had the highest percentage 

of catalase-negative isolates. For oxidase activity, the Mostaganem region had the 

highest percentage of oxidase-positive isolates, whereas the Bouira region had the 

lowest percentage of oxidase-positive isolates. 

These findings provide insights into the bacterial diversity and metabolic 

capabilities within the gut microbiota of bees in the different regions. 
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Table VIII: Phenotypic characteristics of bacteria found in samples from the Bouira region 
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Table IX: Phenotypic characteristics of bacteria found in samples from the Mostaganem region 
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Table X: Phenotypic characteristics of bacteria found in samples from the Ouled Djellal region 
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IV.3. Genotypic characterization 

Among the 66 isolates, we successfully sequenced the 16S rRNA gene for 49 

isolates. Specifically, we identified 14 isolates from bees in the Ouled Djellal region, 

which accounted for 21.21% of the total isolates (refer to table IX). Additionally, we 

found 20 isolates from bees in the Bouira region; constituting 30.3% of the total isolates 

(refer to table VIII). Furthermore, 32 isolates were obtained from bees in the 

Mostaganem province; representing 63.6% of the total isolates (refer to Table IX). 

As previously mentioned the studied DNA sequences are 200 bp in length and 

are specifically targeted by primers designed for the V3 and V4 regions. We confirmed 

this specificity by observing the resulting bands after electrophoresis and visualization 

under UV light using a 1 kb molecular marker. This size reference allowed us to 

estimate the size of the targeted DNA fragments, which approximately correspond to 

200 bp, thus confirming their specific presence in the V3 and V4 regions (See figure 

9). 

 

Fig9. Visualization of insert sequences on Electrophoresis gel: Analysis of band patterns 

200 dp 
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The application of the 16S rRNA PCR technique using the specific primer V3-

V4 allow us to carry out the identification of 49 isolates, and confirm the predominant 

of bacterial belong to Bacillaceae, Microbacteriaceae, Lactobacillaceae, 

Enterococcaceae, Neisseriaceae, and Pectobacteriaceae in the three areas.  

 

 

 

 

 

 

 

 

 

 

Figure 10 shows a phylogenetic tree representing the evolutionary relationships 

between different species of the dominant Lactobacillaceae family, based on 16S 

rRNA gene sequence analysis. The isolates used in this study come from three distinct 

sites: Bouira, Mostaganem and Ouled Djellal. 

The phylogenetic tree reveals significant diversity among Lactobacillaceae 

isolates from the three sites. Several distinct clusters are formed, indicating the 

Fig10. Phylogenetic tree representing the dominant family of bacterial isolates in our samples 
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presence of different species within this family. Despite belonging to the same family, 

these isolates represent distinct species. 

          Apis mellifera a prominent crop pollinator, it expresses an important role in food 

production and environment preservation. The honey bee, a social insect that harbours 

a core gut microbiota, which account for a high bacterial proportion [179]. 

          We conducted an initial characterization of the prevalent diversity of the gut 

microbiota in worker honey bees in northern Algeria, specifically in Bouira (36.374332° 

N, 4.091804° E), Mostaganem (35.985787° N, 0.420409° E), and Ouled Djellal 

(34.4334426° N, 5.081450° E). This helped us determine the impact of different 

geographical areas on bacterial community diversity and the relative abundance of 

bacterial members.  

           In the results of our project, we found that bacterial diversity varies between the 

Bouira, Mostaganem, and Ouled Djellal regions, in contrast to other studies that have 

revealed relatively consistent gut microbiota across populations and geographies 

worldwide [180]. Since the gut microbiota has a profound effect on bee health, this 

study lays the foundation for a better understanding and identification of bee gut flora 

in different sites in Algeria and thus a better understanding of the impact of biotic and 

abiotic factors on the variability of this diversity and its health implications. 

          The obtained results revealed that the total number of bacteria present in honey 

bees from Ouled Djellal (207 CFU) is higher than in other samples of honey bees from 

the Bouira and Mostaganem regions. This is presumed to be due to poor release of 

bacterial cells from glycerol for the initial isolation. 

          Regarding the diversity of the core microbiota on different selective media, bees 

from the Mostaganem region exhibited high diversity. Our results align with those 

published by Tola et al.; bees from coastal regions host relatively high diversity of the 

central microbiota [181]. This suggests that the coastal ecosystem provides a more 

favorable habitat for the growth of beneficial bacteria, allowing them to surpass 

environmental and opportunistic bacteria. 

          In our study, the composition of the honey bee gut microbiota showed a high 

prevalence of Gram-positive bacteria. Specifically, we found that 80.3% of the isolates 

were Gram-positive, while 19.7% were Gram-negative. Furthermore, among all 
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bacterial isolates (83 isolated strains), 13.25% grew on PCA medium, 22.9% on GYC 

medium, 20.48% on MRS medium, 21.7% on TSA medium, 13.25% on Chapman 

medium, and 8.43% on Baird Parker medium. Among this obtained diversity, the 

approaches applied in our study revealed the abundance of Lactobacillaceae, 

Bifidobacteriaceae, and Neisseriaceae. Our results do not corroborate the findings of 

Bleau et al. They observed a negative correlation between Enterobacteriaceae and 

Lactobacillaceae, Orbaceae, and Neisseriaceae [182]. This implies that the honey bee 

colonies from which we sampled the specimens are in a healthy state, a confirmation 

provided by Sir BENLAKEHAL. 

          It is established that in honey bees, there is a positive correlation between 

Enterobacteriaceae and dysbiosis, indicating unhealthy colonies. The beneficial 

bacteria from the families we found in our samples play a role in the honey bee's innate 

immune system by promoting the production of antimicrobial peptides. These peptides 

have the potential to hinder the growth of Enterobacteriaceae, which could explain the 

antagonistic relationship observed compared to other studies [182, 183]. 

          Within our findings related to the Bouira region, we observed a limited incidence 

of Staphylococci, specifically Staphylococcus aureus from benchtop contaminations, 

and Staphylococcus epidermidis from small parts of exoskeletons adhered to the 

digestive tubes of our bee samples. These observations indicate a restricted presence 

of these two types of Staphylococci in our sample from the Bouira region. 

          It is important to note that the results we obtained from the cultivable bacterial 

diversity were confirmed by a comprehensive taxonomic metagenomic study. 

          In this study, we provide an initial characterization of the intestinal microbiota of 

Apis mellifera in Algeria. We have shown that the major members of the bee's intestinal 

microbiota can vary depending on the environmental conditions in which the bee is 

situated. Our findings highlight the importance of future studies on the intestinal 

microbiota of bees in Algeria, which will contribute to understanding the role of 

individual members and the overall community in bee health. A better understanding 

of this bacterial biodiversity will not only continue to position the honeybee as an 

important model for research on the intestinal microbiota but could also help address 

global challenges such as bee decline. Additionally, this understanding will help 
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establish the honeybee as a crucial ecological bio-indicator for assessing ecosystem 

health and improving pollination services.
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          The aim of our research is to investigate the diversity of the intestinal microbiome 

of honeybees in different regions of Algeria, namely Bouira, Mostaganem, and Ouled 

Djellal, representing different ecosystems. Our investigations have revealed a 

significant microbial diversity. According to the obtained results, we have observed a 

high proportion of isolated Gram-positive bacteria, which is confirmed by the genotypic 

approaches following 16S rRNA PCR methods. Furthermore, these methods have also 

demonstrated that the intestinal tract of Apis mellifera can harbor a substantial 

proportion of bacteria belonging to the genera Bacillaceae, Microbacteriaceae, 

Lactobacillaceae, Enterococcaceae, Neisseriaceae, and Pectobacteriaceae.  

          The results we obtained unveil the variability of the intestinal microbiota of bees 

from one region to another, highlighting the influence of the ecosystem on this diversity. 

Moreover, the results indicate the good health of our honeybee samples, as evidenced 

by the dominance of Gram-positive bacteria, particularly the species Lactobacillus. 

Once on the fields we confirmed our finding by examining and looking on the history 

of the Sir BENLAKEHAL’s honeybee. 

          Given the important role of honeybees in ecosystem preservation, the study of 

the intestinal microbiome of Apis mellifera has attracted the attention of researchers 

worldwide. Many of them emphasize the diversity and mutualistic relationship between 

the host and its microbiome. 

          In Algeria, research on the intestinal microbiota of honeybees is still limited. 

Therefore, it is crucial for us to advance and identify the bacterial species hosted by 

Apis mellifera, as well as to define the relationship between bacterial species, their 

roles, and their effects on the physiology and immunity of Apis mellifera. This research 

will provide insights into the intestinal microbiota of humans and serve as a significant 

animal model. 
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Abstract

Apis mellifera is an important pollinator species for wild flora and agricultural production.

This small insect is threatened by several factors including high exposition to parasite and

pathogen organism. Nowadays numerous scientist highlighted on the fact that microbiome

of adult honeybees plays an important role for bee health. The gut of Apis mellifera adult

workers are dominated by species that can have an impact on metabolism, immune function,

growth and development and protection against pathogen. The presence of any other

pathogenic bacteria in their gut flora can disturb the physiology and immune system of the

honeybees. Overall, we can conclude that gut microbiome has an important role in the

honeybee health.

Keywords:

Apis mellifera, gut microbiome, bacterial diversity, honeybee health
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I. Introduction

There are approximately 1.06 million identified species of insects on the Earth's surface.

[1].These insects play several roles depending mainly on their genetic information and their

gut microbiome diversity, which varies according to their social community and certain biotic

and abiotic factors. Apis mellifera represents one of the most important insects due to its

enormous economic value in agriculture. Moreover, it is related to its pollinating action,

which ensures the fertilization of more than 80% of the floral species [2].In addition, the

valuable products provided by this insect: honey, pollen, royal jelly, wax and propolis, which

correspond to the important natural products currently used by human for his biological

proprieties. The multiple levels at which the honeybee expresses there adaptations to its

environment represent one of the richest sources of study and knowledge among all

organisms. The obtained results highlighted on diverse perspectives to understand the

physiology and preserve this insect “Apis mellifera” [3]. Despite bees' ecological and

economic importance, and rising worry over diminishing bee numbers, the function of their

gut microbiome in colony health and nutrition remains unclear. In the bowel of the

honeybee Apis mellifera has a distinct microbial community consisting of a taxonomically

restricted set of bee-specific social species. Which is important in a range of metabolic

processes, the control of many biochemical and physiological systems, and the operation of

the bee's immune system, which varies according to its environment and the different factors

surrounding it [4]

There are numerous studies regarding the ecology, physiology and pathology related to

Apis mellifera. However, few studies reported as per known on honeybee microbiome

especially A. mellifera. Therefore, the aim of this review is to provide a brief overview on the
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diversity within A. mellifera microbiome, his role, function, and give a highlight on the factors

that may influence on the microbiome diversity.

II. Apis mellifera a fascinating insect

III. Throughout history, honeybees have captivated human interest with their remarkable

abilities. In addition to being tireless producers of honey and wax, they are also skilled

architects and play a crucial role in crop pollination. Even in modern times, bees continue

to surprise us with new scientific discoveries.

Apis mellifera is one of the most common floral visitors in natural habitats worldwide,

accounting for 13% of floral visits in all networks, and is considered the only visitor to 5% of

plant species [8]. Honeybees live in big communities with a complex organization in which

the colony is mainly composed of a single queen, hundreds of drones (males), and 9000 to

12000 sterile workers whose numbers vary according on the season, [14 ,15]. Workers are in

charge of all tasks that lead to reproduction, including cleaning, larvae feeding, nectar

evaporation, and hive maintenance. In particular, they are in charge of foraging to give food

and water to the colony [14]. The functions of the queen are limited exclusively to laying

eggs. While the drones copulate with the queen in the air and then die. Drones who have not

taken part in the reproductive process are evicted from the hive and die of starvation [16,

17].In the simplest terms, the nutrition of bees is based on nectar that provides those

carbohydrates and pollen which presents a source of proteins, lipids and other

micronutrients [18]. Their magical products know bees: namely honey, bee pollen, propolis,

beebread, royal jelly, beeswax and bee venom, which play various functions in their life cycle

and are considered antimicrobial and anti-inflammatory used in human treatments [44, 45].

IV. Apis mellifera gut microbiome bacterial diversity:

Apis mellifera fascinating insect with an important microbial diversity within his gut. The

insect develops massive colonies with thousands of non-breeding female workers, hundreds

of male drones, and only one breeding queen [5]. The honeybees gut has an important role.

It contribute in the storage and transport of nectar to the hive. The honeybee microbiota is

present in different parts of the gut, including the crop between the esophagus and ventricle

[6, 7].Based on the results of 16S rDNA gut community and total DNA metagenomic studies,

the researchers found that there were primarily nine species of bacteria dispersed in the

workers' guts. Five bacterial species have been found in almost all bees, including two
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omnipresent Gram-negative species, which are members of the phylum Proteobacteria

(Snodgrassella alvi and Gilliamella apicola) [8, 9, 10] (See figure 02). Furthermore, two

Gram-positive species from the phylum Firmicutes are very abundant and widespread

(Lactobacillus Firm-4 and Lactobacillus Firm-5). They occupy the distal rectum [8, 9].

Bifidobacterium asteroids also found in relatively at low abundance compared to others

bacterial species [11, 12]. These are the most essential microorganisms in the honeybee's

gut, or the so-called "core bacteria” [13]. In addition, less abundant or less stable species of

the proteobacteria phylum such as Gammaproteobacteria Frischella perrara; the

AlphaproteobacteriaParasaccharibacter apium, Bombella apis Bombella mellum, Bombella

favorum, Bartonella apis and Commensalibacter sp werealso identified[14, 11, 9, 10, 15, 16]

(See figure 03).As well, two other species from the phylum Bacteroidetes have been

identified (Apibacter mensalis and Apibacter adventoris) [17, 18, 55, 56, 57, 58, 59, 60, 61,

62, 63].These species are the best-known and most important honeybee gut microbiome

[19]. They we identified followed by two different methods including monoculture and

metagenomic methods. The monoculture method consists on taking samples of bees in

different hives and at different stages of growth in an aseptic way. Then isolate freshly their

bacteria in selective media. After that, identify the isolate following molecularly essays. Once

the DNA extracted according to the CTAB-Phenol-Chloroform method, the identification of

bacterial isolates is carried out byRNA16S amplification [20]. While metagenomic method is

based on the sequencing of all the genome of, the bacteria harvested fromhoneybee gut.

After DNA extraction, the sequencing and targeted amplification of the RNA16S or all the

genome carried out following bioinformatics assembly of the sequenced genome(s).

Finally,the obtained sequences were analyzed [21]. The metagenomic method allows us to

understand the functional and the genetic evolution of this characteristic intestinal

microbiota and to predict the symbiotic capacities of these bacteria in the honeybee

[21].While, the cultural method consists on the identification of the cultured

microorganisms. They represent 1% from the whole gut microbiota and may appear in

different forms of colonies and in different aspects. Those characteristics are then

complemented by other phenotypic and molecular studies to allow their classification. While

the metagenomic method allows us to identify cultured and uncultured microorganisms. In

fact, this technic provides us a better identification of the population and therefore a better

classification [22].
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V. Role and function of Apis mellifera gut microbiome :

The importance of the species constituting the gut microbiome has been demonstrated in

several studies including the human microbiota. The microbiome known to be involved in

most metabolic and immune functions of the body. In fact, we assume that the gut

microbiota of honeybee is equally important. Therefore, studies have been based on

laboratory experiments that expose bees to various factors and monitoring changes in the

quality of the gut microbiome, thus the functioning of its organism. As a result, several

important roles have been identified for the bee gut microbiota [23, 24, 25, 26, 27, 28, 29,

30, 31, 32].Honeybees obtain all theirs nutrients from a very specific diet, composed

exclusively of nectar and pollen. Honeybee gut microbiota metagenomic investigations

shown that nutrient biosynthesis and biomass decomposition are two well-established roles

of the honeybee gut microbiota, hence its involvement in the catabolism and degradation of

these foods [33].Nutritional function or nutrient biosynthesis has been extensively studied in

experiments involving bees fed an unbalanced diet; low in essential nutrients such as

vitamins and amino acids. The results of these investigation show that honeybee

endosymbionts contribute in the production of nutrients that are not found in food.

Regarding biomass catabolism and deconstruction, the release of cellulolytic enzymes is a

common trait between the gut microbiome and the bee host. Although, research showing

that microbial activity improves the efficiency of these processes [34].Genomic and

metabolic studies on the microbiome species from honeybee core including,

Lactobacillusand Bifidobacterium species and G. apicola indicate theirs abilities to metabolize

a wide range of plant carbohydrates and related compounds, such as pectins known as one

of the major component of the polleninner wall (Table 1). Zheng and his co-workers revealed

that in the intestinal compartment mainly colonized by G. apicola¸ an accumulation of

galacturonate compound as the major degradation product of pectin is observed. In

addition, these intestinal bacteria contribute in the digestion of lipids and proteins as well as

to the detoxification of secondary plant compounds [35, 36].Zheng and his co-workers

studies demonstrated the ability of these microorganisms to digest mainly mannose, which is

a major compound of nectar (Table 1). Moreover, due to their fermentation capabilities,

intestinal symbionts have an impact on the conversion of plant buds and exudates into

propolis and nectar into honey. They are also in charge of the freshness of honey [37, 38].
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Recent research has revealed that the gut microbiome of honeybees has a similar role

[39].It has been shown that disruption of the gut microbiota with the antibiotic tetracycline,

honeybees will have a low survival rate due to their increased vulnerability to the

opportunistic germ such as Serratia [41].When the assembly of the gut microbiota is

disrupted loads of the parasite Lormaria passim increase [40].Moreover, feeding aged pollen

to honeybee causes increased mortality due to very high Nosema fungus loads, as well as

significant changes in the composition of gut endosymbiont composition through the

development of a significantly dysbiotic microbiome that may decrease gut resistance to

intrinsic pathogens [42].

These findings reveal a link between gut microbiota and theirs host “honeybees”, as well

as pathogen resistance and host advantages. Gut microbiomes have also been found to

contribute in the modulation of insect competence by altering the gut environment, to

restrict parasite development or to stimulate a host immune response while creating

antimicrobial peptides that control parasites and bacterial infections [43, 44]. The extent to

which these effects may act as priming reactions that boost pathogen resistance has not yet

proven. In this case, since the microbiota occupies the mucosal immune system, it is in

charge of carrying out two opposing functions. It must tolerate the microbiota inhabiting the

gut and prevent the induction of harmful systemic immune responses. While at the same

time controlling the charge of microorganisms to avoid adverse reactions through a variety of

ways. These microbes regulate intestinal homeostasis using substances such as

peptidoglycans, lipopolysaccharides, flagellins and others [45, 46].The intestinal microbiota

participates in the achievement of several objectives, mainly these two above-mentioned

functions that are very complementary. The regulation of nutrient digestion and a good

physiology only modulate the proper functioning of the microbes and thus a good

functioning of the immune system. This relationship influences the host's body size, weight

gain, developmental rate, and metabolism, sensitivity to stress, stem cell activity and wing

area. All these variables create a good balance in the honeybee's body.

VI. Factors modulating the microbiome development and functions:

Any species is confronted with a pressure of biotic and abiotic factors. Even, honeybee

that occupies such an important place in our natural environment. Numerous factors can

potentially influence the communities of microorganisms that make up the honeybee gut
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microbiota [47, 48].The main factor influencing the honeybee gut microbiome are biotic

factors, including the pathogen germs able to induce infections and pathologies. Some of

them are parasitic such as Varroa (Varroa destructor), others may causes infestation by the

small hive beetle (Aethina tumida). Also bacteria such as Paenibacillus larvae, Melissococcus

plutonius and Paenibacillus alvei. Moreover, viruses are also responsible of honeybee

infections, including the Sacciform Brood Virus, the Queen Black Cell Virus and the Chronic

Bee Paralysis Virus. In addition, scientists identified fungus able to infect honeybee such as

Nosema ceranae and Nosema apis.

On another hands, abiotic factors are also involved in the gut microbiome modulation.

Honeybees are exposed to many pesticides (e.g., chlorothalonil, imidacloprid and

coumaphos) through contaminated nectar, pollen and water. Which contribute to significant

adverse health effects [49, 50, 51] and unfavorable changes in the structure and function of

the honeybee microbiome, resulting in a reduction in beneficial gut bacteria effect and an

increase in pathogenic microorganisms infections[52].Moreover, honeybee faced to other

factors that contribute to the weakening of their colonies, including environmental stresses

like malnutrition, pollution, lack of vitality and genetic diversity or the depletion of

environmental quality, as well as humidity, temperature and light [53, 54].

VII. Conclusion

Honeybees are the main pollinators and have an important economic role, their mortality

and morbidity has attracted attention of scientists in order to understand the origin of this

decline. Research conducted so far has shed light on the honeybee gut microbiota that plays

a similar role to the human gut microbiota. It may be responsible for the quality of life and

health of the honeybee. This seems to be influenced by different factors that decrease its

efficiency and role in the host. All this finding has motivated researchers to study this

microbiota in order to improve bee health and decrease the loss of these important

pollinators.
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Abstract :  

In order to gain a better understanding of the intriguing diversity within this microbiota and to address specific inquiries, 

researchers have turned their attention to Apis mellifera as a valuable animal model. The aim of our study is to identify and 

evaluate the bacterial diversity within the worker bee gut microbiota from different area in Algeria (Bouira, Mostaganem, and 

Ouled Djellal).  The enumeration on PCA medium revealed 425 bacterial CFU from the whole harvested samples, with a 

distribution of 17.18% in Bouira, 34.12% in Mostaganem, and 48.71% in Ouled Djellal. Among the 83 obtained bacterial 

isolates, a wide range of diversity was observed, with variations in their growth preferences depending on the culture media 

used. Out of the 66 isolates, phenotypic analysis demonstrated that 80.3% of the isolates were Gram-positive, while 19.7% 

were Gram-negative. Furthermore, biochemical tests indicated that 18.91% of the isolates were oxidase-positive and 89.28% 

were catalase-positive. Significant differences in bacterial composition were observed among the studied regions, particularly 

concerning the prevalence of Gram-positive, oxidase-positive, and catalase-positive bacteria. Additionally, the application of 

the 16S rRNA PCR technique allow us to carry out the identification of 49 of the isolates, and confirm the predominant of 

bacterial belong to Bacillaceae, Microbacteriaceae, Lactobacillaceae, Enterococcaceae, Neisseriaceae, and 

Pectobacteriaceae. These results were further supported by the application of the molecular metabarcoding method. Overall, 

this research has provided valuable insights into the diversity of the gut microbiota of worker bees in Algeria, opening the doors 

for numerous future research endeavors in this field. 

 

Keywords : Gut microbiota, Apis mellifera, Bacterial diversity, Algerian bees. 

 

Résumé :  

Afin de mieux comprendre la diversité intrigante de ce microbiote et de répondre à des questions spécifiques, les 

chercheurs se sont tournés vers Apis mellifera en tant que modèle animal précieux. Le but de notre étude est d'identifier et 

d'évaluer la diversité bactérienne au sein du microbiote intestinal de l'abeille ouvrière provenant de différentes régions d'Algérie 

(Bouira, Mostaganem, et Ouled Djellal).  Le dénombrement sur milieu PCA a révélé 425 UFC bactériennes sur l'ensemble des 

échantillons récoltés, avec une répartition de 17,18% à Bouira, 34,12% à Mostaganem, et 48,71% à Ouled Djellal. Parmi les 

83 isolats bactériens obtenus, une grande diversité a été observée, avec des variations dans leurs préférences de croissance 

en fonction des milieux de culture utilisés. Sur les 66 isolats, l'analyse phénotypique a montré que 80,3% des isolats étaient 

Gram-positifs, tandis que 19,7% étaient Gram-négatifs. En outre, les tests biochimiques ont indiqué que 18,91% des isolats 

étaient positifs à l'oxydase et 89,28% à la catalase. Des différences significatives dans la composition bactérienne ont été 

observées entre les régions étudiées, notamment en ce qui concerne la prévalence des bactéries Gram-positives, oxydases-

positives et catalases-positives. En outre, l'application de la technique PCR de l'ARNr 16S nous a permis d'identifier 49 des 

isolats et de confirmer la prédominance des bactéries appartenant aux Bacillaceae, Microbacteriaceae, Lactobacillaceae, 

Enterococcaceae, Neisseriaceae et Pectobacteriaceae. Ces résultats ont été confirmés par l'application de la méthode de 

métabarcoding moléculaire. Dans l'ensemble, cette recherche a fourni des informations précieuses sur la diversité du 

microbiote intestinal des abeilles ouvrières en Algérie, ouvrant la voie à de nombreuses recherches futures dans ce domaine. 

 

Mots-clés : Microbiote intestinal, Apis mellifera, Diversité bactérienne, Les abeilles algériennes 

 

    ملخص

كنموذج حيواني  mellifera Apisمن أجل اكتساب فهم أفضل للتنوع المثير للاهتمام داخل هذه الميكروبات ومعالجة استفسارات محددة، حول الباحثون انتباههم إلى  

لجزائر )البويرة ومستغانم وأولاد جلال(. كشف التعداد على قيم. الهدف من دراستنا هو تحديد وتقييم التنوع البكتيري داخل ميكروبيوتا أمعاء النحل العامل من منطقة مختلفة في ا

٪ في أولاد جلال. من بين  48.71٪ في مستغانم، و  34.12٪ في البويرة، و  17.18وحدة حرارية بكتيرية من العينات المحصودة بالكامل، مع توزيع    425عن    PCAمتوسط  

عزلة، أظهر    66التنوع، مع اختلافات في تفضيلات النمو اعتمادًا على الوسائط الثقافية المستخدمة. من بين  عزلة بكتيرية تم الحصول عليها، لوحظت مجموعة واسعة من    83

٪ من 18.91٪ سلبية الغرام. علاوة على ذلك، أشارت الاختبارات الكيميائية الحيوية إلى أن  19.7٪ من العزلات كانت إيجابية الغرام، بينما كانت  80.3التحليل الظاهري أن  

 ٪ كانت إيجابية الكاتالاز. لوحظت اختلافات كبيرة في التركيب البكتيري بين المناطق المدروسة، لا سيما فيما يتعلق بانتشار البكتيريا89.28لعزلات كانت إيجابية الأوكسيداز و  ا

من العزلات، وتأكيد أن الغالب من البكتيريا    49بإجراء تحديد    16S rRNA PCRة  إيجابية الغرام وإيجابية الأوكسيداز وإيجابية الكاتالاز. بالإضافة إلى ذلك، يسمح لنا تطبيق تقني

تم دعم هذه   Pacecticetceaceو     Neissteriaceaeو    Enterococcaceaeو    Lactobacillaceaeو    Microbacteriaceaeو    Bacillaceaeينتمي إلى  

الأمعاء للنحل العامل في الجزائر، مما فتح الأبواب    عام، قدم هذا البحث رؤى قيمة حول تنوع ميكروبيوتا  بشكل  يةالجزيئالميتاباركود    النتائج بشكل أكبر من خلال تطبيق طريقة

 للعديد من المساعي البحثية المستقبلية في هذا المجال. 
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