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ABSTRACT

Most cultivable microbes associated with stingless bees are bacteria. Studies about bacteria related to stingless
bee colonies were only limited to bacterial isolation and identification, while a few studies consider their potential
applications. Information on their biological roles and functions are scarce. Bacteria classified under the genera Bacillus,
Streptomyces, and Lactobacillus are commonly associated with stingless bee colonies. They have been hypothesized to
contribute to the formation and enhancement of antimicrobial activities of bee products such as honey and bee bread.
There is now sizeable evidence that the microflora of bees can be used as biocontrol agent, potential probiotic, as well
as producer of antimicrobial compounds and enzymes. The aim of this review was to stimulate a generation of further
research on the enormous potential of the bacteria associated with stingless bees, their contributions and potential
applications especially in medical and pharmaceutical uses.
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ABSTRAK

Kebanyakan mikrob yang bersekutu dengan kelulut adalah bakteria. Kajian mengenai bakteria yang berkaitan
dengan koloni kelulut hanya terhad kepada pemencilan dan pengecaman bakteria, sementara hanya beberapa kajian
menganggap potensi aplikasi mereka. Maklumat mengenai peranan dan fungsi biologi mereka adalah terhad.
Bakteria dikelaskan di bawah genus Bacillus, Streptomyces dan Lactobacillus biasanya dikaitkan dengan koloni
kelulut. Mereka telah dihipotesiskan untuk menyumbang kepada pembentukan dan peningkatan aktiviti antimikrob
produk-produk lebah seperti madu dan roti debunga. Terdapat bukti bahawa mikroflora lebah boleh digunakan
sebagai agen kawalan bio, potensi probiotik serta pengeluar sebatian antimikrob dan enzim. Matlamat ulasan kajian
ini adalah untuk merangsang satu generasi penyelidikan lanjut tentang potensi bakteria yang berkait dengan kelulut,
sumbangan dan potensi mereka khususnya dalam penggunaan perubatan dan farmaseutik.

Kata kunci: Bakteria, interaksi lebah dan bakteria; kelulut; madu, roti debunga

INTRODUCTION stingless bees share many similarities with honeybees,
. S L . , there are many characteristics that have not been explored
Stingless bees (Apidae: Meliponini) are known as ‘kelulut (Michener 2013),

in Malay, Malaysia; ‘klanceng’ in Java, Indonesia; ‘emmu’
in Sulawesi, Indonesia; ‘/ukut’ in Tagalog, Philippines;
and ‘damar’ in Hindi, India (Jalil 2014). Stingless bees
can be found in the tropical regions including the
Indo-Australian, sub-Saharan African (Afrotropics) and
American tropics (Neotropics). They are classified as
primitive because they have a pantropical distribution of
over 65 million years, which is longer than honeybees
(Apidae: Apini) (Roubik 2006). Stingless bees are eusocial
and their labor division is similar to that of the honeybee
colony (Bassindale & Matthews 1955). Stingless bees
produce bee products including honey, bee bread and
propolis (Figure 1). There are three castes in the bee colony,
namely the queen, worker and drone (Wille 1983). Although

The knowledge about microbial biodiversity on
stingless bee products is very limited since most papers
focus only on microbial identification but not their
function. The main microbes associated with stingless
bees are yeasts, molds, and bacteria (Anderson et al.
2011; Morais et al. 2013). Bacteria are the major microbes
associated with stingless bees (Menezes et al. 2013).
Bacteria that are found in the bee colonies are induced by
direct microflora transmissions from one bee generation
to the next (Sachs et al. 2011). Sources of the bacteria
include pollen, air, flowers and the digestive tracts of bees.
Bacteria may be present in bee products due to primary
or secondary contamination from humans, equipment,
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containers, wind, and dust (Olaitan et al. 2007). Most of
the bacterial genera associated with stingless bee colonies
were from the genera Bacillus, Streptomyces, and
Lactobacillus (Amin et al. 2020; Ngalimat et al. 2019;
Promnuan et al. 2009; Pucciarelli et al. 2014; Yaacob et
al. 2018).

Bacteria are commonly isolated from stingless bee
products (Amin et al. 2020; Lani et al. 2017; Ngalimat et
al. 2019). However, their biological roles are still unclear
(Gilliam et al. 1990; Olaitan et al. 2007). Investigations on
the association of bacteria with stingless bees mostly focus
on bacterial identification. Fewer studies highlighted
their contribution to the metabolic conversion of bee
products and the protection of nests against pathogenic
microorganisms. Bacteria contributed to the formation
of bee products by producing various enzymes include
lipases, proteases, aminopeptidases, and glycosidases,
which convert raw materials of bee products into more
digestible products for storage (Gilliam et al. 1990).
Moreover, the bacteria presumably secrete chemicals,
such as antimicrobial metabolites, to inhibit spoilage and
the proliferation of competing microorganisms (Promnuan
et al. 2009).

Bee products can be a good source of beneficial
bacteria. Bacterial species associated with bee products
have been characterized as potential biocontrol
agents against pathogenic microorganisms. Evidently,
Paenibacillus polymyxa ALLI-03-01 from the larval food
of Melipona scutellaris acts as a biocontrol agent against
entomopathogenic fungus, Beauveria bassiana (Menegatti
etal. 2018). The inhibitory activities of Streptomyces from

Tetragonula laeviceps and Tetragonula fuscobalteata
nests were reported to inhibit the causing agent of
American foulbrood disease, Paenibacillus larvae, and
European foulbrood disease, Melisococcus plutonius
(Kroiss etal. 2010). Moreover, bacterial species associated
with stingless bees were found to produce antimicrobial
compounds (Ngalimat et al. 2019; Paludo et al. 2016) as
well as enzymes including lipase and protease (Gilliam
et al. 1990; Ngalimat et al. 2019). The bacteria were also
investigated for their probiotic potential (Amin et al.
2020).

The aim of this review was to discuss the association
of bacteria with stingless bees succinctly. Here, we
summarized the common bacterial genera that are
associated with stingless bees. The contribution to the
formation and enhancement of antimicrobial activities of
bee products are described. The potential applications of
the bacteria associated with bees as a potential biocontrol
agent as well as a producer of antimicrobial compounds
and enzymes were also highlighted.

BACTERIA LIVING IN STINGLESS BEE COLONIES

The information on the association of bacteria with
stingless bees is available only for a few stingless bee
genera, namely Austroplebeia, Heterotrigona, Melipona,
Proplebeia, Scaptotrigona, Tetragonisca, Tetragonula,
and Trigona (Table 1). There are three major groups
of bacteria associated with stingless bees, namely
Bacillus spp., Streptomyces spp. and lactic acid bacteria
(LAB). Apart from these three groups, other genera are
highlighted in the section below.

TABLE 1. Bacteria associated with varieties of stingless bee species

Isolated species Bee species or bee substrate for bacterial isolation Locality Reference
Bacillus spp. Hetetrigona itama honey Malaysia (Amin et al. 2020)
Hetetrigona itama honey, bee bread and propolis Malaysia (Ngalimat et al. 2019)
Larval gut of Scaptotrigona depilis Brazil (Paludo et al. 2016)
Tetragonisca angustula honey Argentina (Pucciarelli et al. 2014)

Clostridium spp.

Enterococcus spp.

Enterobacter spp.

Fructobacillus
spp-

Abdominal contents of Proplebeia dorninicana
preserved for 25 to 40 million years in buried
Dominican amber

Pollen, honey and brood provisions of Malipona
fasciata

Larval provisions of Trigona hypogea
Tetragonisca angustula honey
Tetragonisca angustula honey

Hetetrigona itama propolis

Fresh Hetetrigona itama honey

Dominican Republic

Panama City

(Cano & Borucki 1995)

(Gilliam et al. 1990)

Panama City (Gilliam et al. 1985)
Argentina (Pucciarelli et al. 2014)
Argentina (Pucciarelli et al. 2014)
Malaysia (Ngalimat et al. 2019)
Malaysia (Yaacob et al. 2018)



Lactobacillus spp.

Lysinibacillus sp.
Paenibacillus sp.
Pantoea sp.
Staphylococcus

spp.
Streptomyces spp.

Uncultured
Streptococcus sp.

Uncultured
Acetobacteraceae
sp.

Fresh Hetetrigona itama honey
Abdomens of Melipona quadrifasciata

Austroplebeia australis, Tetragonula carbonaria
and Tetragonula hockingsii

The nest of Tetragonula carbonaria
Larval food of Melipona scutellaris
Hetetrigona itama propolis

Tetragonisca angustula honey

Hetetrigona itama bee bread

Brood cells and nest materials of Tetragonula
laeviceps and Tetragonula fuscobalteata

Abdomens of Melipona quadrifasciata

Abdomens of Melipona quadrifasciata

Malaysia
Brazil

Australia

Australia
Brazil
Malaysia

Argentina

Malaysia
Thailand

Brazil

Brazil
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(Yaacob et al. 2018)
(Diaz et al. 2016)

(Leonhardt & Kaltenpoth
2014)

(Shanks et al. 2017)
(Menegatti et al. 2018)
(Ngalimat et al. 2019)
(Pucciarelli et al. 2014)

(Ngalimat et al. 2019)
(Promnuan et al. 2009)

(Diaz et al. 2016)

(Diaz et al. 2016)

FIGURE 1. The stingless bee, Heterotrigona itama nest
products. (A) The stingless bee products in the nest; (B)
Honey; (C) Bee bread and (D) Propolis
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Bacillus spp.

Spore-forming bacteria from the genus Bacillus are
commonly associated with stingless bee species (Gilliam
et al. 1990; 1985; Ngalimat et al. 2019; Pucciarelli et
al. 2014). The DNA evidence of this bacterial genus
has been found in the abdominal contents of the extinct
Proplebeia dorninicana, which was preserved for 25 to 40
million years in the Dominican amber (Cano & Borucki
1995). Therefore, this evidence is proof of an ancient
interaction between stingless bees and Bacillus due to the
robustness of the bacterial endospore that is resistant to
heat, radiation, and chemicals (Nicholson 2002; Setlow
2014). Some Bacillus associated with stingless bee nests
were obtained from Melipona panamica (B. alvei, B.
circulans and B. megaterium) and Trigona necrophaga (B.
circulans, B. licheniformis, B. megaterium, B. pumilus,
and B. subtilis) nests in Panama (Gilliam et al. 1990).
Apart from that, B. meliponotrophicus was suggested to
have a close relationship with the stingless bees because
it can be found in the intestines and the storage pots of
Melipona quadrifasciata (Cruz-Landim & Serrdo 1996).
Machado (1971) has suggested that B. meliponotrophicus
associated with stingless bees, such as Trigona and
Melipona, could be involved in the fermentation of honey
and bee bread. The application of antibiotic namely
streptomycin to kill the bacterium resulted in the collapse
of the stingless bee colony (Machado 1971; Morais et al.
2013; Quezada-Euan 2018).

Streptomyces spp.

Streptomyces spp. are Gram-positive and spore-forming
bacteria that are widely distributed in soil and aquatic
environments, such as rivers, lakes and other freshwater
habitats (Goodfellow et al. 1986). Streptomycetes spp.
have been found in pollen, provisions and alimentary
canals of alfalfa leafcutter bee, Megachile rotundata
(Inglis et al. 1993) and in the nest materials of honeybees
(including Apis florea, Apis cerana and Apis mellifera)
(Promnuan et al. 2009). This bacterial genus was
considered as a part of the resident microflora of the bee
(Inglis et al. 1993). Evidently, Streptomyces was found
associated with the brood cells and hive materials
of stingless bees (including Tetragonula laeviceps
and Tetragonula fuscobalteata) from the northern
region of Thailand. Among the species of Streptomyces
found were S. albus, S. ambofaciens, S. coalescens, S.
drozdowiczii, S. malaysiensis, S. minutiscleroticus, S.
mutabilis, S. pseudogriseolus, S. rochei, S. tosaensis, and
S. violaceoruber (Promnuan et al. 2009). Besides, being
a part of the resident microflora, Streptomyces species
associated with European beewolf was found to secrete
antibiotics, such as piericidines and streptochlorin,
onto the brood cells (Kroiss et al. 2010). Interestingly,
the antibiotic compounds were found in much higher
concentrations on the outer surface than on the inner
surface of the cocoon. The antibiotics were suggested to

protect the larval cocoon from a diverse range of potentially
pathogenic microbes. Similar functions could also be
observed in stingless bees’ Streptomyces (Promnuan et
al. 2009).

LACTIC ACID BACTERIA

Lactic acid bacteria (LAB) from the genera Lactobacillus
and Bifidobacterium are found in bee colonies. They
were isolated from several bee species, including
honeybees, bumblebees, and stingless bees (Audisio et
al. 2011; Tajabadi et al. 2013; Vasquez & Olofsson 2009;
Vasquez et al. 2012; Yaacob et al. 2018). In the Melipona
quadrifasciata colony, the preseznce of Lactobacillus
was observed through metabarcoding analysis (Diaz et
al. 2016). Lactobacillus and Fructobacillus were also
isolated from the honey of Malaysian stingless bees,
Heterotrigona itama (Yaacob et al. 2018). LAB from the
genera Lactobacillus and Bifidobacterium have also been
isolated from the honey crop of Melipona beecheii,
Meliponula bocandei and Trigona sp. colonies (Vasquez
et al. 2012). In the honeybee (Apis mellifera) colony, LAB
were suggested to have played a role in the bee bread
formation through lactic acid fermentation (Vasquez
& Olofsson 2009). In the stingless bee colonies, the
widespread occurrence of LAB has been reported (Lani
et al. 2017; Leonhardt & Kaltenpoth 2014). LAB have
major roles in the protection against pathogens (Forsgren
et al. 2010; Vasquez et al., 2012) as well as in the pollen
fermentation in the nests (Vasquez & Olofsson 2009).

OTHER GENERA

Other bacterial genera found were enteric bacteria
including Staphylococcus, Escherichia, Enterococcus,
and Salmonella, which were isolated from Tetragonisca
angustula honey (Pucciarelli et al. 2014). Ralstonia and
Pantoea were isolated from Australian stingless bee
species, namely Austroplebeia australis, Tetragonula
carbonaria, and Tetragonula hockingsii (Leonhardt &
Kaltenpoth 2014). Gram-negative bacteria belonging to
the family of Enterobacteriaceae and Acetobacteraceae
have also been isolated from the nest of stingless bees from
the genera Melipona and Tetragonula (Diaz et al. 2016;
Leonhardt & Kaltenpoth 2014). Since the native habitat of
enteric bacteria is the enteric tract of animals, their presence
generally indicates direct or indirect contamination of fecal
origin (Sanz et al. 1995). Moreover, Clostridium spp. were
also found in Tetragonisca angustula honey (Pucciarelli
et al. 2014). This spore-forming bacterium has been
considered as a primary contaminant (Snowdon & Cliver
1996) and the detection of this species in honey is vital to
determine its quality (Pucciarelli et al. 2014).

A brood disease-causing bacterium, Lysinibacillus
sphaericus was isolated from worker and queen larvae,
brood cell provisions and honey stores of Tetragonula
carbonaria (Shanks et al. 2017). Lysinibacillus sphaericus



causes Shanks brood disease where recorded a range of
symptoms in larvae, brood, hive structures and bee behavior.
Moreover, the isolation of Paenibacillus polymyxa ALLI-
03-01 from the larval food of Melipona scutellaris has
also been reported (Menegatti et al. 2018). Paenibacillus
polymyxausually found in various environments; including
the plant rhizosphere and marine sediments. This bacterium
has been used in agriculture as a biofertilizer and a
biocontrol agent (Grady et al. 2016). It was also suggested
that this bacterium protected the M. scutellaris colony by
producing (L)-(-)-3-phenyllactic acid and fusaricidins,
which are active against entomopathogenic fungi and
Paenibacillus larvae (Menegatti et al. 2018).

CONTRIBUTION OF BACTERIA TO THE BEE PRODUCT
FORMATIONS

To date, the contribution of bacteria on the bee nest is
poorly understood. The bacteria have been hypothesized
to contribute to the formation of bee products (Klepzig
et al. 2009). They were suggested to contribute to the
conversion of nectar and pollen into honey and bee bread
separately by their enzymatic reactions. In addition, the
bacteria potentially contributed to the protection of nests
(Roubik 2006). They produced antimicrobial compounds
to inhibit the proliferation of pathogenic and spoilage
microorganisms (Yoshiyama & Kimura 2009).

METABOLIC CONVERSION OF NECTAR INTO HONEY
Honey is the main source of carbohydrates for bees
(Haydak 1970). It is a natural, sweet substance generated
from plant nectar, living plant secretions or plant-sucking
insect excretions. This substance is collected, transformed
and combined with the secretion obtained from the bees’
salivary glands, which is then stored in the storage pot
to mature (Krell 1996). Stingless bees produce honey,
which has a strong acid flavor, a less viscous and a
darker color in comparison to the honey of honeybees
(Garedew et al. 2003). The honey of stingless bees has
been widely used because of its therapeutic effects (Amin
et al. 2018; Sgariglia et al. 2010). It contains more than
200 substances including carbohydrates, amino acids,
proteins, vitamins, minerals, organic acids, flavonoids,
and hydroxymethylfurfural (Roowi et al. 2016). Different
stingless bee species produce different compositions of
honey with distinct organoleptic properties. For instance,
Tetragonisca angustula honey appeared to be particularly
rich in oligosaccharides (16.0%) compared to Plebeia
wittmanni honey (7.5%) (Sgariglia et al. 2010). However,
the honey composition depends on the bee species and
the plants on which the bee feeds on (Barth et al. 2013).

The mechanism of honey formation is not
well described. It might be related to the metabolic
transformation of nectar into honey by the microflora of
bees in both the bee gut and the storage pot (Anderson
et al. 2011). In the formation of honey, the collected
nectar undergoes three types of changes: Physical;
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dehydration process; chemical; enzymatic reaction; and
biological; microbial fermentation (Menezes et al. 2013).
In the dehydration process, the water content of the nectar
begins to reduce through evaporation as bees fly to their
nest (Human & Nicolson 2006). Within the nest, the
water content of nectar will be further reduced through
regurgitation and evaporation (Vasquez & Olofsson 2009).

Inside the nest, nectar is biochemically converted into
honey. The conversion of nectar into honey is complex
because it involves many types of enzymes (including
a-amylase, B-glucosidase and glucose oxidase) that need
for the honey formation (White & Maher 1953). Evidently,
the hypopharyngeal gland of Scaptotrigona postica
(Costa & Cruz-landim 2005) and bacteria from Melipona
fasciata nest (Gilliam et al. 1990) were found to be rich
in the glycolytic enzymes. Enzymes originated from bees
and microbes were hypothesized to contribute to the
conversion of nectar into honey. In honeybee colonies,
research has shown that the oligosaccharides found in the
honey samples originated from the a- and p-glucosidase
activities (Low et al. 1988). Moreover, the biochemical
reaction of nectar into honey has also been catalyzed by
the glucose oxidase. This enzyme produced by bees and
microbes catalyzed the conversion of glucose into gluconic
acid (Gilliam 1997). It is worth noting that gluconic acid
is the main acid that can be found in honey (Burgett 1974).

Honey fermentation occurs inside the storage
pots (Souza et al. 2007). Inside the storage pots, the
transformation of sugar molecules into alcohol and
carbon dioxide occur through alcoholic fermentation.
This type of fermentation is mostly performed by yeasts
(Rosa et al. 2003; Teixeira et al. 2003) and bacteria
(Gilliam et al. 1990). Lactic fermentation generated
by LAB causes the conversion of sugar into lactic acid
and water (Audisio et al. 2011). LAB contribute to the
formation of honey from nectar, and beebread from
pollen, due to their fermentation activities (Olofsson
& Vasquez 2008; Vasquez et al. 2012). Olofsson et al.
(2016) has also hypothesized that the LAB produced
bioactive metabolites that become part of the ripen
honey. In the honeybee’s colony, fructophilic LAB have
been found strongly associated with the gastrointestinal
tracts of Apis mellifera L. worker bees (Filannino et al.
2016). Fructophilic LAB utilized varieties of phenolic
acids, such as p-coumaric, caffeic, syringic and gallic
acids; suggesting that these bacteria are involved in the
fermentation process of nectar and pollen.

METABOLIC CONVERSION OF POLLEN INTO BEE BREAD

Bee bread is generated using pollen grains as raw
material that bees collect from various plant anthers
(Herbert & Shimanuki 1978). Pollen grains are collected
and transported by foraging bees on their hind legs in a
specialized pollen basket (Michener 1974). Within the
nest, pollen grains are mixed with the secretion from the



1858

bees’ salivary glands or nectar before being preserved and
further fermented in the storage pot (DeGrandi-Hoffman
et al. 2013; Komosinska-Vassev et al. 2015). After two
weeks, chemically changes apparently occurs due to
the natural fermentation caused by the intervention of
different microorganisms (Menezes et al. 2013). Lactic
acid fermentation activities by bacteria from the genera
Streptococcus, Bifidobacterium, and Lactobacillus were
suggested to be involved in the biochemical conversion
of pollen grains into bee bread (Vasquez & Olofsson
2009). In addition, Bacillus species in Melipona panamica
nests were shown to secrete enzymes that catalyze the
breakdown of lipids, carbohydrates and proteins. This
bacterial genus was found predominant in pollen and
some species are known to ferment glucose. Therefore,
this suggests that Bacillus species is an important genus
that could be involved in the bee bread formation (Gilliam
et al. 1990, 1985).

As the fermentation process comes to completion, a
high content of lactic acid preserves the bee bread from
spoilage by microorganisms. The chemical composition
of bee bread, such as flavor, color, and texture changes
considerably after being stored and these characteristics
vary among bee species. For examples, the bee bread
of stingless bee from the genera Frieseomelitta and
Tetragonisca are dry and sweet while the ones produced
by Melipona and Scaptotrigona are moist and sour
(Souza et al. 2004).

FORMATION OF PROPOLIS

The term propolis derives from the Greek word which is a
‘pro’ (at the entrance to) and ‘polis’ (city). Propolis is also
known as the ‘bee glue’ which is a sticky dark coloured
material that bees collected from various living plants
such as from the tree buds and sap flows of numerous
tree species. Propolis is composed of resin and wax,
balsam, essential and aromatic oils, pollen and various
other substances including organic debris (Burdock 1998).
Chemical compositions of propolis are complex which
include flavones, flavanones, and phenolic acids and their
esters (Bankova 2005).

In literature, theory for the propolis formation
has been proposed (Kiistenmacher 1911). Propolis is
manufactured by using substances that obtained from
material secreted and exuded by plants. It is then mixed
with the bee’s saliva and beeswax which then gives rise to
propolis (Kadhim et al. 2018). Due to its waxy nature and
mechanical properties, bees use propolis in the construction
and repair of their hives (Wagh 2013). In fact, it is the most
important building block to act against the proliferation
of spoilage and pathogenic microbes (Bankova 2005).

The contribution of bacteria to the propolis formation
is still unclear. Many studies reported on a plethora of
biological activities of propolis including antibacterial
(Choudhari et al. 2012; Georgieva et al. 2019; Lavinas

et al. 2019), antifungal (Campos et al. 2015; Shehu et al.
2016), and antiviral (Coelho et al. 2014; 2018) activities.
Moreover, studies also reported on the isolation of yeasts
(Rosa et al. 2003; Teixeira et al. 2003) and bacteria
(Ngalimat et al. 2019) from propolis, but not on the
bacterial functionality to the propolis formation. Thus, this
make the biological role of bacteria on propolis remains
elusive.

ENHANCEMENT OF ANTIMICROBIAL ACTIVITIES OF BEE
PRODUCTS

Bee products generated from plant-based materials are rich
in macromolecules and possess plenty of antimicrobial
activities (Amin et al. 2018). Stingless bee products, such
as honey are rich in antimicrobial activities due to its
high sugar concentration, acidity, hydrogen peroxide and
phytochemical compounds (Sinacori et al. 2014). Bacteria
were hypothesized to contribute to the antimicrobial
properties of bee products (Reynaldi et al. 2004). The
bacterial antimicrobial compounds, such as polymyxins,
octapeptins, polypeptins, iturins, fengycins, and surfactins
were possibly used to prevent the proliferation of
pathogenic and spoilage microorganisms (Cochrane &
Vederas 2014; Gilliam 1997).

In the honeybee colony, bacteria from the bee larvae,
namely Stenotrophomonas maltophilia, Acinetobacter
Sp., Brevibacillus formosus and Bacillus fusiformis
were found to inhibit P. larvae subsp. larvae; a Gram-
positive bacterium, which was the causative agent of the
widespread larval disease American foulbrood (Evans
& Armstrong 2005; Graaf et al. 2006). Furthermore,
Bacillus cereus and Bacillus subtilis from the digestive
tract of Japanese honeybees were also found to inhibit
P larvae (Yoshiyama & Kimura 2009). The production
of surfactin by B. subtilis was reported to inhibit the
honeybee pathogens including P. larvae, Ascosphaera
apis and Nosema ceranae (Porrini et al. 2010). In addition,
the presence of secondary metabolites pathways, such as
streptomycin and xenobiotic biodegradation genes in the
bee bread using metatranscriptomic analysis supported
the hypothesis on the possible roles of microflora in
maintaining the sustainability of bee nests against
pathogenic and spoilage microbes (Saraiva et al. 2015).

Streptomyces spp., namely S. drozdowiczii, S.
albus and S. malaysiensis interact symbiotically with
bees by secreting antibiotics, such as streptochlorin,
piericidins, and glucopiericidin (Kroiss et al. 2010;
Promnuan et al. 2009). This bacterial genus was found
to have a unique association with the European beewolf,
Philanthus triangulum. The female beewolf transferred
Streptomyces inside their antennal glands to the brood cell.
The bacteria then spread inside brood cells and secrete
antibiotic substances that protect the larvae from fungi
and other pathogens. Bioassays have also indicated that
the bacteria protected the cocoon from fungal infestation,
thus, enhancing the survivability of the larvae (Kroiss et
al. 2010).



POTENTIAL APPLICATION OF BACTERIA ASSOCIATED
WITH BEES

The subject of this section has been extensively explored
in honeybees, from which bacteria have been reported
as biological control agents, as well as antimicrobial
compounds and hydrolytic enzymes producers (Butler
et al. 2013; Disayathanoowat et al. 2012; Evans &
Armstrong 2005). However, only a few studies consider the
potential applications of bacteria isolated from stingless
bees (Amin et al. 2020; Ngalimat et al. 2019).

Bacteria isolated from honey samples have shown
antimicrobial activities against pathogenic bacteria.
The bacteria from the genera Stenotrophomonas,
Acinetobacter, Brevibacillus and Bacillus isolated
from the honey of honeybees were found to inhibit the
causative agent of American foulbrood disease (Evans &
Armstrong 2005). The causal agent of chalkbrood disease
was inhibited by bacteria from the genus Bacillus (B.
megaterium, B. licheniformis and B. cereus) isolated from
apiarian sources (Alippi & Reynaldi 2006). A noteworthy
bacterial species with potential as a biological control
agent named B. amyloliquefaciens is commonly isolated
from both honeybees (Wang et al. 2015; Zhao et al. 2013)
and stingless bees (Ngalimat et al. 2019; Paludo et al.
2016) colonies. Bacillus amyloliquefaciens strains were
reported as the biological control agent to inhibit many
plant pathogens including Botrytis cinerea (Mari et al.
1996), Colletotrichum lagenarium (Kim & Chung 2004),
Fusarium oxysporum (Yuan et al. 2012; Zhao et al. 2014),
Penicillium expansum (Arrebola et al. 2010), Sclerotinia
sclerotiorum (Abdullah et al. 2008), Sphaerotheca
fuliginea (Li et al. 2015), Ralstonia solanacearum (Singh
et al. 2016a) and Xanthomonas oryzae (Wu et al. 2015).
Noteworthy, Bacillus species from stingless bee honey
have also been evaluated for their probiotic properties.
Bacillus amyloliquefaciens HTI-19 and B. subtilis HTI1-23
isolated from Heferotrigona itama honey showed good
probiotic properties (Amin et al. 2020).

Besides their potential as a biological control agent
and probiotic strains, bacteria are also a good source of
antimicrobial compounds. Antimicrobial peptides, such
as fengycin, macrolactin, bacilysin, bacillibactin and
difficidin were found from Bacillus sp. SDLII isolated
from Scaptotrigona depilis larvae (Paludo et al. 2016).
Antifungal peptide genes including ituA (iturin A) and
hag (flagellin) were identified from Bacillus sp. BH072,
which was isolated from the honeybee honey. In addition,
B. amyloliquefaciens, a common stingless bee associated
with bacteria, produced antimicrobial peptides, such as
surfactin (Arguelles-Arias et al. 2009; Harwood et al.
2018). Bacillus amyloliquefaciens surfactin was reported
to act against antibiotic-resistant Staphylococcus aureus
and Escherichia coli strains as well as pathogenic yeast,
Candida albicans (Ndlovu et al. 2017). Moreover,
Enterococcus faecium SM21 from the gut of honeybees
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produced bacteriocin-like compounds with anti-Listeria
effects (Audisio et al. 2011). The LAB from the genera
Lactobacillus and Bifidobacterium isolated from the
honeybee honey were reported to produce bacteriocins
(Butler et al. 2013).

Enzymes found in nature have been used in
textile applications, the feed manufacturing industry,
the processing of fats and oils, the food industry and
organic synthesis (Kirk et al. 2002). Microbial enzymes
have attracted interest because of their widespread
use in industries, owing to their stability and catalytic
activity under abnormal temperature and pH conditions
(Singh et al. 2016b). Bacteria from the bee products
could be the source of industrial enzymes. Bacteria from
the midgut of honeybees, namely Klebsiella oxytoca,
Enterobacter cloacae, Enterobacter gergoviae, and
Pantoea dispersa has shown proteolytic activity whereas
that of Klebsiella pneumoniae, Citrobacter freundii,
Enterobacter aerogenes, Enterobacter cloacae exhibited
lipolytic activity (Disayathanoowat et al. 2012). Pectate
lyase, an enzyme used in food production and textile
industries was produced by Gilliamella that was isolated
from the gut of honeybees (Engel et al. 2012). Proteolytic,
lipolytic, and cellulolytic activities were also detected
from bacterial species isolated from Heterotigona itama
honey, bee bread, and propolis (Ngalimat et al. 2019).
Furthermore, B. amyloliquefaciens isolated from the guts
of honeybees was found to produce a-amylase (Wang et al.
2015). To note, these bacterial strains have been reported to
produce various type of extracellular hydrolytic enzymes
including lipase (Saengsanga et al. 2016), protease (Wang
et al. 2016), laccase (Loncar et al. 2014), cellulase (Ye et
al. 2017) and xylanase (Amore et al. 2015).

CONCLUSIONS AND FUTURE PROSPECTS

In this review, we have described the bacteria that are
commonly found in stingless bee products as well as their
association. The bacteria are not only essential to convert
the raw materials such as nectar and pollen into honey
and bee bread, respectively, but also crucial in protecting
the bee nest from food spoilage microorganisms. These
activities are due to the action of the enzymes and
antimicrobial compounds produced by the bacteria. As it is
suggested that the formation of bee products is a result of
the metabolic activity of the bee’s microflora, the biological
roles of bee’s microflora are presently open to speculation.
As most of the bacteria found are spore-forming bacteria,
one question remains: do the bacteria are active while
present in bee products or remain dormant (as spores)? The
functionality of the bacteria associated with stingless bees
has yet to be explored. Therefore, it is necessary to conduct
further studies to determine in vivo metabolic activities
and the physiological characteristics of the bacterial
species associated with stingless bees. Understanding such
attributes will help to shed light on the functionality as
well as the biological roles of the bacteria to the stingless
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bee products formation. Also, it is now clearly established
that some of the bacterial species associated with bees
are effective against human and plant pathogens. The
bacteria are not only used as biocontrol agents and as
antimicrobial compound producers, but also as a source
of important enzymes. These show that bee products
can be a good source of beneficial bacteria with a wide
range of possible industrial applications. On the other
note, understanding the relationship between stingless
bees and microbes has become one of the approaches to
guarantee the sustainability of the meliponiculture. The
studies of the microbial diversity in healthy stingless bee’s
colonies should be conducted as it may provide valuable
knowledge on the importance of bee’s microflora to the
stingless bee’s health and productivity.
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