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Abstract

Knowledge of composition of bee gut microbiota is important to ensure balanced gut microbiota and improve the
health status of bees. The aim of the present study was to detect the microorganisms in gut of honey bee and to study
their antimicrobial resistance and antimicrobial activity against three essential oils. Content of bees gut was studied
with microbiological methods, and isolates were confirmed with MALDI TOF mass spectrometry. Isolated species
were tested for antibiotic resistance to ciprofloxacin, levofloxacin, amikacin and gentamicin. For antimicrobial
activity, essential oils of Abies alba, Pinus mugo and Pinus sylvestris were used. Gram-positive bacteria Bacillus
oleronius, Micrococcus luteus, Staphylococcus epidermidis and three Gram-negative bacteria Pseudomonas
oryzihabitans, Serratia fonticola, Serratia marcescens were isolated from bees gut. Antibiotic resistance was found
in Gram-negative bacteria, while the Gram-positive bacteria were sensitive to all antibiotic tested. The best
antibacterial activity of essential oils found against Gram-positive bacterial strains. Essential oils can be a potential
sources of compounds with antimicrobial activity on Gram-positive isolates of bees gut.

Keywords: bees, antibiotic resistance, essential oils, microflora

1. Introduction nectar and pollen. Bees process nectar into honey,
which provides the colony with their primary
Many animals coexist with bacterial symbionts source of carbohydrates and holds only trace
that make available to their hosts nutrients that are amounts of amino acids and vitamins [7-10].
either absent from their host’s diet or otherwise The research on microorganisms associated with
unavailable to them in the foods that they Apis
consume [1,2]. Symbioses of this nature are mellifera were done on the identification of the
especially critical to animals with plant-based Enterobacteriaceae family, Bacillus genera,
diets because most of them do not produce Lactobacillus, Pseudomonas, Bifidobacterium,
enzymes that digest plant cellular material Corynebacterium, Streptococcus
(including lignin and complex polysaccharides), and Clostridium as well as fungi and yeasts [11].
whereas many bacterial species do [3-6]. Honey Many studies have shown that these organisms
bees (Apis mellifera) have a diet that consists represent a natural microflora that is specific to
entirely of foods that are derived from plants: the environment of the pollen (the atmosphere,
soil, and the flower of kindness) and also the
digestive tract and the mandibular secretions of
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republic [13], Slovakia [11,14],
Colombia [16] and Russia [17].
Despite staining Gram-negative, B. oleronius has
Gram-positive cell wall components shared
amongst all Bacillus species [18] and thus closely
related to other Bacillus sp. that contaminate
foods. Although initially isolated from the hindgut
of the termite and subsequently from mites, B.
oleronius has been identified as a potential
contaminant of milk and dairy products and has
been sporadically identified and isolated from
fodder, raw milk and milk processing equipment
[19-22].

Micrococcus luteus is a Gram-positive, nonmotile,
coccus, saprotrophic bacterium that belongs to the
family Micrococcaceae. It is urease and catalase
positive. An obligate aerobe, M. luteus is found in
soil, dust, water and air, and as part of the normal
flora of the mammalian skin. The bacterium also
colonizes the human mouth, mucosae, oropharynx
and upper respiratory tract [23].

Staphylococcus epidermidis is Gram-positive and
coagulase-negative, one of the five significant
microorganisms that are located on human skin
and mucosal surfaces with the ability of causing
nosocomial infections due to the wide usage of
medical implants and devices. Until 1980 S.
epidermidis was considered as an opportunistic
microorganism, while became one of the main
cause of nosocomial infections after increase in
various infections including cardiovascular, CNS
shunts, joints and blood stream infections [24].
Pseudomonas oryzihabitans is a Gram-negative,
non-fermenting, oxidase-negative, rod-shaped
bacterium. It typically produces transparent or
yellow-stained, rough, wrinkled colonies after 48
h incubation in agar media. It is commonly
isolated in moist environment such as soil and rice
paddles. In the hospital setting, it has been
recovered from sink drains and respiratory
equipment [25].

Serratia species are opportunistic Gram-negative
pathogens are representatives of the family
Enterobacteriaceae. Serratia are widespread in
the environment, but are not a common
component of the human fecal flora [26].

The antimicrobial effect of plant extract on
different pathogenic and opportunistic pathogens
is well known. The genus Pinus L. comprises 130
extant species of evergreen, resiniferous trees or
shrubs, widely distributed mainly in the Northern
hemisphere. Various parts of the Pinus tree (buds,

Iran [15],
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young needles and female cones) as well as their
essential oils and resins are used in traditional
medicine for the treatment of several diseases and
many respiratory infections accompanied by
common colds, cough, bronchitis, bronchial
asthma, emphysema, tracheitis,  sinusitis,
laryngitis, pharyngitis, tonsillitis and influenza
[27].

The aim of the present study was to detect the
microorganisms in gut of honey bee and to study
their antimicrobial resistance and antimicrobial
activity against three essential oils.

2. Materials and methods
Microorganisms

Gram-positive
Micrococcus

bacteria Bacillus oleronius,
luteus, Staphylococcus
epidermidis and three Gram-negative
bacteria Pseudomonas  oryzihabitans, Serratia
fonticola, Serratia marcescens were tested in this
study. All tested strains were isolated from the
bees collected in Slovakia. All bacterial strains
were identified with mass spectrometry MALDI
TOF MS Biotyper with a score higher than 2.20.
The bacterial suspensions were subcultured in the
Muller Hinton broth (MHB, Oxoid,
Basingstoke, United Kingdom) at 37 °C for 24 h.

Antibiotic susceptibility testing

All isolated bacterial strains from honey bees were
used for antimicrobial susceptibility testing with
disc diffusion method. A amount of 100ul of
bacterial suspension in physiological solution of
0.5 McF° density was spread with sterile L-rods
otno Mueller Hinton agar (Oxoid, UK). The
following antibiotics discs (Oxoid, UK) were
used: ciprofloxacin CPR (10ug), levofloxacin
LVX (10pg), amikacin AMK (10pg) and
gentamicin GEN (10ug). Inoculated agars were
incubated at 35+2°C for 16-20 h according to the
EUCAST [28]. Interpretation of inhibition zones
were done in line with EUCAST [29].

Antimicrobial activity of the essential oils
Antimicrobial activity of Abies
alba, Pinus mugo and Pinus sylvestris essential
oils was detected.

For detection of the antimicrobial activity with
disc diffusion method, a suspension of the tested
microorganism (0.1 ml of 10°cfu/ml) was spread
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onto Mueller Hinton Agar (MHA, Oxoid,
Basingstoke, United Kingdom). Filter paper discs
(6 mm in diameter) were impregnated with 15 ul
of the essential oil and placed on the inoculated
plates. Inoculated plates were kept at 4°C for 2 h,
and later were incubated aerobically at 37°C for
24 h. The diameters of the inhibition zones were

measured in millimeters. All the tests were
performed in triplicate.

For determination of minimum inhibitory
concentration (MIC), the protocol described

previously by Kac¢aniova et al. [30] was used.

3. Results and discussion

Antibiotic resistance was found in Gram-negative
bacteria, while Gram-positive bacteria were
sensitive to all antibiotic tested. Results on
antibiotic susceptibility are shown in Table 1.

Kacaniova et al., 2017 [31] found the
antimicrobial resistance in Gram-positive and
Gram-negative bacterial isolates with the most
frequently resistance to tigecycline (9.5%) and
amikacin (8.2%) were observed. The resistance to
gentamicin (6.5%) and chloramphenicol (4.1%)
was identified less frequently.

Several studies have shown that the use of
antibiotics causes alterations in the microbiomes
of humans and livestock. Therefore, the effects of
antibiotic treatment on the honeybee gut
microbiome are of major interest alongside with
the importance of the gut microbiome in animal,
including bees, health and in context with the
unexplained decline of honeybee colonies. This
making the studies of composition and the pattern
of antimicrobial resistance important for
understanding the honey bees nutritional and
health-related issues [31].

Table 1. Antibiotic susceptibility of bacteria isolated from bees gut

Antibiotics 10ug

Bacterial strains CPR LVvX AMK GEN
Bacillus oleronius S S S S
Micrococcus luteus S S S S
Staphylococcus epidermidis S S S S
Pseudomonas oryzihabitans R R R R
Serratia fonticola R R R R
Serratia marcescens R R R R

Legend to antimicrobial drug abbreviation: ciprofloxacin CPR (10pg), levofloxacin LVX (10pg),
amikacin AMK (10pg), gentamicin GEN (10pg)

The antimicrobial activities of the EOs of nine
Abies species against Gram-positive and Gram-
negative bacteria and two yeasts and differences
among the antimicrobial activity levels of
naturally grown and exotic form of Abies species
were determined in Bagci et al., 1996 study [32]. .
A. koreana EOs was more effective against
bacteria and yeasts than other Abies forms. A.
concolor and A. pinsapo were inactive against
most of the bacteria. The studies on EOs of Abies
cones, root, stems and leaves indicated the
antibacterial and antifungal activities of Abies
species [32-34].

Some of oils like essential oil isolated from Pinus
caribaea Morelet, Pinus densiflora S. and Z., and
Pinus radiate D. Don have showed different
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antimicrobial activity different
microorganisms [35-37].

The antimicrobial activity of pine EOs is a
multipurpose thus they are used in manufacture of
medicinal products, cosmetics and antimicrobial
additives [38].

Our results on antimicrobial activity of EOs are
shown in Table 2 and Table 3. The best
antibacterial activity of EOs was found against
Gram-positive bacterial strains.

The essential oil of A. numidica were very
effective against Bacillus cereus, Escherichia coli
and Enterococcus faecalis, while the action of this
oil is very low against Klebsiella pneumoniae and
Micrococcus luteus. Staphylococcus epidermidis
and S. aureus were resistant [39].

against
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The most sensitive bacteria against tested Pinus
peuce needle essential oils were Streptococcus
pneumoniae, while Streptococcus agalactiae,
Streptococcus pyogenes, Staphylococcus aureus,
Staphylococcus epidermidis and Acinetobacter
spp. showed different sensitivity deepening on the
area of collection of plant material. EOs obtained
from plant material collected from Nidze Mtn.
showed the highest antimicrobial activity against
tested microorganism [40].

Antibacterial activity of commercial available
essential oils in vitro obtained from needles of
Pinus sylvestris L. and Cupressus sempervirens L.
(Bioaromatica, Croatia) showed significant
antibacterial activity against Staphylococcus
aureus ATCC 6538, Bacillus subtilis ATCC 6633,
Escherichia coli ATCC 8739, Pseudomonas
aeruginosa ATCC 9027 and Kilebsiella
pneumoniae, Escherichia coli, Shigella flexneri,

Salmonella enteritidis, Proteus mirabilis isolated
from clinical specimens (KUC  Tuzla).
investigated essential oils. Results demonstrated
that Scots pine oil had a higher anitimicrobial
effects than cypress oil. Tested Gram-negative
bacteria were more susceptible to essential oils
than Gram-positive bacteria [41].

Tested EOs from four Pinus species have shown
inhibitory action against tested respiratory isolates
in the range of 1.25-20.00 mg.mL™ (MICs) and
bactericidal effect (MBCs) at concentrations
ranging from 2.50 to 40.00 mg.mL™. P. sylvestris
exhibited the highest and P. mugo subsp. mugo the
lowest antimicrobial action. According to the
obtained activities, the tested essential oils were
arranged in the following order: P. sylvestris > P.
peuce > P. nigra subsp. nigra>P. mugo subsp.
mugo [27].

Table 2. Antimicrobial activity of essential oils against bacterial species of honey bees gut detected with disc

diffusion method

Inhibition zone in mm

Bacterial strains Abies alba Pinus mugo Pinus sylvestris
Bacillus oleronius 15.33+0.58 16.67+2.31 16.33+0.58
Micrococcus luteus 15.67£1.15 17.67+0.58 16.67+0.58
Staphylococcus epidermidis 15.67+2.08 16.67+1.53 15.67+£1.53
Pseudomonas oryzihabitans 8.33+£0.58 7.33+£1.15 8.33+£0.58
Serratia fonticola 7.67+0.58 7.67+0.58 8.67+0.58
Serratia marcescens 7.33+0.58 9.33+0.58 8.33+1.53

Table 3. Antimicrobial activity of essential oils against bacterial species of honey bees gut detected with minimum

inhibitory concentration method

Minimum inhibitory concentration (MI1C50)

Bacterial strains Abies alba Pinus mugo Pinus sylvestris
Bacillus oleronius 3.125 3.125 3.125
Micrococcus luteus 3.125 6.25 6.25
Staphylococcus epidermidis 3.125 3.125 3.125
Pseudomonas oryzihabitans 12.50 12.50 12.50

Serratia fonticola 25.00 25.00 12.50

Serratia marcescens 25.00 6.25 12.50

4. Conclusions

Among the tested essential oils, EOs of P.
sylvestris and P. mugo showed the highest
antimicrobial activity, while the EOs of A. alba
had little to no effect at all. The difference in
observed activity is mainly related to the different
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concentrations of pinenes in the essential oils of
different species. The results point a high potential
and completely justified etnopharmacological
utilization of the pine essential oil for the
treatment of the respiratory conditions, because of
low toxicity and wide antimicrobial spectrum of
all investigated Pinus species EOs.
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