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Research article
Ερευνητικό άρθρο

ABSTRACΤ: This study aimed to investigate the antimicrobial, anti-quorum sensing activity and potential probiotic 
properties of Lactobacillus kunkeei and Enterococcus faecalis 1 and 2 isolates from Apis mellifera gut. The antimicro-
bial and anti-QS activity of isolates were determined by the broth microdilution method and the Chromobacterium vio-
laceum biosensor strain, respectively. The probiotic potential was evaluated according to EFSA standards. The organic 
acid content of culture supernatants of isolates was determined quantitatively by a HPLC method. Results showed that 
isolates were found to be resistant to gentamicin, streptomycin, erythromycin, and clindamycin. Also, isolates were 
found gamma haemolytic and resistant to acidic and enzymatic environmental conditions. E. faecalis isolates showed 
antimicrobial activity against Escherichia coli ATCC 25922, E. faecalis ATCC 29212, and Pseudomonas aeruginosa 
ATCC 27853. Anti-quorum sensing activity of the culture supernatants of all isolates was found as a violacein pigment 
inhibition against Chromobacterium violaceum biosensor strain. The concentrations of lactic acid, acetic acid and bu-
tyric acid produced by isolates were found as 1.7 - 7.5 g/L, 0.94 - 2.20 g/L and 0.22 - 0.38 g/L, respectively. 

Keywords: Lactobacillus kunkeei, Enterococcus faecalis, probiotic, anti-quorum sensing, bee gut
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INTRODUCTION

Apis mellifera is a honey bee that pollinates flower-
ing plants along with the other pollinator insects. 

Pollination is a vital condition for the sustainability of 
ecosystems and human societies. Bees need the nec-
tar of flowers as food to survive, while plants need 
pollen to spread their pollen and thus reproduce. In 
pollination, this task mostly falls on the bees (Aslan 
et al. 2016; Lika et al. 2021; Puvača 2018). It has been 
shown that the diversity of microorganisms compos-
ing the gastrointestinal system (GIS) of the honey bee 
is different from other living organisms. Hence, the 
resistance of bees against changing climatic and en-
vironmental conditions, stress factors, pollutants, and 
contaminants varies depending on this microbiota 
(Endo and Salminen 2013). Although the honey bee’s 
gut microbiota and its functions remain largely un-
explored, these microorganisms mostly include lactic 
acid bacteria (LAB) (Janashia et al. 2016).

Lactic acid bacteria are Gram (+) and catalase 
(-) microorganisms in cocci/bacillus morphology, in 
particular resistance to low pH values (Hayek 2013). 
LAB have significant roles in the GIS of animals and 
humans as well as multiple functions in various foods, 
such as prebiotics, synbiotics etc. Many members of 
LAB have quite industrial importance. These bacte-
ria are used in food fermentation, especially for im-
proving taste and texture, as well as regulating organ-
isms’ health (e.g. probiotics) (Tomičić et al. 2019). 
LAB produce some metabolites, as a result of their 
metabolic activities, that have economic value for 
humans. In addition, LAB can be found naturally in 
many foods such as meat, milk, cereal products, alco-
hol-containing products, and pickles, or they can be 
used in the maturation of foods by adding them as a 
starter culture (Bintsis 2018). 

Probiotics are living microorganisms that benefit 
the host’s health by creating a microbial balance in 
the body when they are ingested in adequate concen-
tration. They play an important role in supporting the 
immune system by protecting the host with the help 
of antimicrobial metabolites. It has been recommend-
ed to use only the LAB isolated from the human GIS 
as probiotics by the Food&Agriculture Organization 
(FAO) and the World Health Organization (WHO). 
Due to these developments, in recent years, studies 
regarding human GIS increased and probiotic proper-
ties of some LAB obtained from the flora of the hu-
man GIS have been determined. On the other hand, 
several studies underlined that some strains derived 

from animal origin products and also non-dairy fer-
mented products exhibit probiotic properties (Zielińs-
ka 2018). 

Some bacteria belonging to the genus Bifidobac-
terium and Lactobacillus are more prominent among 
microorganisms used as probiotics and particularly 
used as the food supplements, due to their generally 
recognized as safe (GRAS) status. However, sever-
al other LAB such as Aerococcus, Enterococcus, or 
different microorganisms such as Bacillus, are also 
being studied for their probiotic potential, different 
strain advantages, and health-promoting properties. 
Enterococcus genus is another great part of LAB after 
Lactobacillus and Streptococcus (Franz et al. 2011). 
Some members of this genus could be found in envi-
ronments such as water, soil (Ben Braiek et al. 2017), 
vegetables, and also dairy products such as raw milk, 
cheese, etc. (Ben Braiek and Smaoui 2019), In addi-
tion to these, human and animal body could be a host 
for the Enterococcus species as a commensal micro-
organism (Ben Braiek et al. 2017). This genus may 
also include strains known to be opportunistic patho-
gens that can cause different infections, especially in 
humans (O’Driscoll and Crank 2015). Some Entero-
coccus strains have been found to exhibit multi-drug 
resistance. Besides, it has been determined that anti-
biotic resistance genes and virulence factors can be 
transferable (Franz et al. 2001). Based on these and 
similar findings, concern has arisen that the pathoge-
nicity and safety tests of enterococci should be prop-
erly investigated in the use of these bacteria as probi-
otics (Ben Braiek and Smaoui 2019). 

Quorum sensing is a mechanism based on the reg-
ulation of gene expression of cells due to the increase 
in population density. The bacteria that detect pop-
ulation density, produce chemical signal molecules 
called autoinducers and release them into the envi-
ronment. After these signal molecules reach a certain 
threshold concentration, they cause changes in the 
gene expression of many features, including virulence 
factors (Miller and Bassler 2001). Therefore, the inhi-
bition of this system is investigated as an alternative 
treatment method to the use of chemotherapeutics in 
the fight against microorganisms.

Based on these, the present study aimed to deter-
mine the probiotic potential, antimicrobial and an-
ti-quorum sensing activities of some LAB isolated 
from the Apis mellifera honey bee gut.
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MATERIALS AND METHODS

Bacterial isolates
The tested bacteria were isolated from the in-

testinal flora of Apis mellifera honey bees. A total 
of 10 honey bees were collected from a non-migra-
tory apiary located in Sivas/Turkey (39°43’41.4”N 
- 37°02’01.6”E) in 2017. The intestinal contents of 
honey bees were removed by dissection and the mid 
and hind intestine regions were separately transferred 
to test tubes under aseptic conditions. In particular, 
culture was performed on an MRS medium for the 
isolation of LAB. Intestines were crushed with a glass 
shaker, then added to 5 ml of MRS medium, vortexed, 
and incubated at 35 ± 2°C for 24 hours at 150 rpm in 
a shaking incubator. After incubation, 100 µl of the 
sample was taken and plated onto an MRS agar me-
dium and incubated at 35 ± 2°C for 48 hours. Differ-
ent morphological colonies were selected and Gram 
staining characteristics and catalase activities were 
determined at the end of incubation. Isolates suspect-
ed to be LAB were selected, and stored in distilled 
water containing 20% glycerol as a stock culture at 
-80 °C until used. The bacterial identification was per-
formed with a VITEK® MS MALDI TOF mass spec-
trometer according to the manufacturer’s instructions. 
Pure bacteria colonies were taken from blood agar 
with a 1-micron loop and rubbed into a well of the 
device’s slide. One µl of alpha-cyano-4-hydroxy-cin-
namic acid (CHCA) matrix was pipetted. Each run 
was calibrated with Escherichia coli (E.coli) ATCC 
8739 strain on 3 wells of the slide to be run 48 sam-
ples. After applying the E. coli ATCC 8739 strain to 
the middle well, 1 µl of CHCA matrix was pipetted on 
it. Samples were saved in the program and the slide 
was loaded into the device. Identification was com-
pleted by the mass spectrometer method. 

16S rRNA analysis
Identification of three isolates was also carried out 

with 16S rRNA analysis at BM Laboratories. EurX 
GeneMATRIX Bacterial & Yeast DNA isolation kit 
(Poland) used for DNA isolation. DNA amount and 
purity were checked by spectrophotometric measure-
ment on Thermo Scientific Nanodrop 2000 (USA). 
The primers 27F (5’-AGAGTTTGATCMTGGCT-
CAG-3’) and 1492R (5’-TACGGYTACCTTGTTAC-
GACTT-3’), were used for the amplification of the 
targeted gene regions. The reaction mixture contained 
3 µl sample DNA, 1x PCR buffer, 1.5 mM MgCl2, 0.2 
mM dNTP mix, 0.3 µM F. primer, 0.3 µM R. primer, 
2U Taq DNA polymerase. The PCR reaction condi-

tions were: initial denaturation for 5 min at 95 °C; 
45 sec; denaturation at 95 °C, 45 sec; annealing at 57 
°C, 60 sec; extension at 72 °C as 40 cycles. The fi-
nal extension was performed at 72 °C for 5 min. The 
PCR reaction was performed with Solis Biodyne (Es-
tonia) FIREPol® DNA Polymerase Taq polymerase 
enzyme. Amplicons were put in a 1.5% agarose gel 
prepared with 1X TAE buffer at 100 volts for 90 min-
utes by electrophoresis and imaged under UV light. 
MAGBIO “HighPrep ™ PCR Clean-up System” 
(AC-60005) purification kit was used for the collec-
tion of the bands. Sanger sequencing was performed 
by the Macrogen Netherlands laboratory using the 
ABI 3730XL Sanger sequencer (Applied Biosystems, 
Foster City, CA) and BigDye Terminator v3.1 Cycle 
Sequencing Kit (Applied Biosystems, Foster City, 
CA). While performing the readings, the CAP contig 
assembly algorithm was used in BioEdit software. 

Tolerance to low pH values
Isolates with probiotic properties are expected to 

show resistance to varying pH values of the diges-
tive system. On this basis, the isolates’ resistance 
against pH 1.0, pH 2.0, and pH 3.0 was determined 
for 3 hours. Overnight cultures were centrifuged at 
12000 rpm, at 4oC for 5 minutes. Supernatants were 
removed and pellets were washed twice with phos-
phate-buffered saline (PBS, pH 7.4). The pellets were 
then suspended in pH 1.0-PBS, pH 2.0-PBS, and pH 
3.0-PBS that were prepared with 5M HCl. Neutral 
pH was used as a control. Viable bacterial colonies in 
samples at 0 to 3 hours were plated on MRS agar after 
48 hours of incubation at 35 ± 2oC and calculated as 
log CFU/ml (Maragkoudakis et al. 2006).

Bile tolerance
To determine the tolerance to bile salts, MRS broth 

containing different proportions of bile salts was used. 
Overnight the bacterial cultures were centrifuged for 
5 minutes at 12000 rpm, 4oC. Supernatants were re-
moved and pellets were washed twice with PBS. The 
pellets were then suspended in MRS broth with bile 
salts (0.3%, 0.5%, and 1%), and incubated at 35 ± 2oC 
for 4 hours. Samples were taken at the 0th hour and 
the end of the 4th hour of incubation and then inoc-
ulated on MRS agar. Plates were incubated at 35 ± 
2oC for 48 hours, and bacterial colonies were counted 
and calculated as log CFU/ml (Maragkoudakis et al. 
2006). 
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Pepsin and pancreatin resistance
Charteris et al. (1998)’s method was used to eval-

uate the pepsin and pancreatin resistance of isolates. 
Fresh bacterial cultures were centrifuged for 5 min-
utes at 12000 rpm, 4oC. Supernatants were removed 
and pellets were washed twice with PBS. The pellets 
were then suspended in pepsin (3 mg/ml) - pH 2.0 
PBS, pepsin (3 mg/ml) - pH 3.0 PBS and pancreatin 
(1 mg/ml) - pH 8.0 PBS and incubated at 35 ± 2oC 
for 0 to 3 h for pepsin PBSs and 0, 4 h for pancreatin 
PBSs. Pellets with neutral pH were used as a control. 
At the end of the incubation period, samples were tak-
en, spread on MRS agar plates, and incubated at 35 ± 
2oC for 48 hours. Viable colony counts were calculat-
ed as log CFU/ml. 

Hemolytic activity
Hemolytic activity was tested with Columbia agar 

including 5% sheep blood. Fresh cultures of isolates 
were plated on agar plates and incubated at 35 ± 2oC 
for 24 h. No zones around the bacterial colonies were 
determined as gamma haemolysis (Maragkoudakis et 
al. 2006).

Antimicrobial susceptibility
Antimicrobial susceptibility tests were evaluated 

by micro broth dilution method according to Europe-
an Committee on Antimicrobial Susceptibility Testing 
(EUCAST) standards with antibiotics specified by the 
European Food Safety Authority (EFSA) in line with 
the concentrations (Rychen 2018). Ampicillin, clinda-
mycin, chloramphenicol, erythromycin, gentamicin, 
kanamycin, streptomycin, tetracycline, and vanco-
mycin were the tested antibiotics. All antibiotics were 
obtained from Sigma Aldrich (Germany). Antibiotic 
concentrations were determined separately for each 
antibiotic, taking into account the MIC limit value 
specified by EFSA in the range of 0.125-256 µg/ml.

Antimicrobial activity
Antimicrobial activity of supernatants of isolates 

was determined against E. coli ATCC 25922, Entero-
coccus faecalis (E. faecalis) ATCC 29212, Klebsiella 
pneumoniae (K. pneumoniae) ATCC 13883, Staphy-
lococcus aureus (S. aureus) ATCC 29213 and Pseu-
domonas aeruginosa (P. aeruginosa) ATCC 27853 
by Lima et al. (2007)’s method. The cell-free culture 
supernatants (CFS) of isolates were prepared by cen-
trifugation at 12000 rpm for 20 minutes and then fil-
ter sterilized by a 0.22 μm filter. The inhibition zones 
around the CFSs were evaluated as antimicrobial ac-

tivity.

The antimicrobial activity test was also evaluat-
ed as minimal inhibition concentration (MIC) by the 
micro broth dilution method according to EUCAST 
standards (EUCAST 2021) with CFS. Isolates were 
inoculated into MRS broth and left for 24 hours of 
incubation at 35 ± 2oC. At the end of the incubation 
period, the fresh bacterial culture was centrifuged at 
12000 rpm at 4oC for 15 minutes to separate CFS. The 
obtained CFS was filtered through a 0.22 µm mem-
brane filter and sterilized. These supernatants were 
evaluated in the MIC test.

Diacetyl Production
Overnight bacterial cultures were seeded (1%) in 5 

ml MRS broth and incubated at 30 ± 2oC for 48 hours. 
Then, 1 ml of alpha-naphthol solution (4%) and 1 ml 
of KOH (30%) were added to the 2 ml culture tube 
and incubated at 30 ± 2oC for 30 minutes. After in-
cubation, red ring formation at the top of the cultures 
was identified as diacetyl production (King 1948). 
Lactobacillus rhamnosus GG ATCC 53103 was used 
as a positive control.

Auto-aggregation test
The auto-aggregation experiment was performed 

according to Del Re et al. (2000) method. LAB iso-
lates were cultured in MRS broth for 24 hours, then 
centrifuged for 15 minutes at 4°C, 5000 g. The cells 
were washed three times with PBS (pH 7.4) and sus-
pended in sterile PBS to achieve a concentration of 
108 CFU/ml. A five mL suspension was vortexed for 
10 seconds and incubated at 25 ± 2oC for 24 hours. 
After a 24-hour interval, auto-aggregation was mea-
sured at 600 nm. The percentage of auto-aggregation 
was expressed as follows:

Auto-aggregation (%) = [(OD1 - OD2) / OD1] × 
100

OD1 represents the optical density at the onset and 
OD2 represents the data after 24 hours. All experi-
ments were performed in triplicate. L. rhamnosus GG 
ATCC 53103 was used as a control.

Anti-quorum sensing activity
Erdonmez et al. (2018)’s method was performed 

with slight modifications. The fresh culture of Chro-
mobacterium violaceum (C. violaceum) CV026 at 30 
oC for 18 hours was taken and adjusted to Mc Farland 
0.5 density (108 CFU/ml). A hundred µl C. violaceum 
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CV026 and 50 µl N-hexanoyl-L-homoserine lactone 
were added to 10 ml soft Luria Bertani agar (0.9%) 
medium and poured into Petri plates after vortexing. 
CFSs of isolates were dropped on (15 µl) agar plates 
and incubated at 30 ± 2oC for 48 hours. Tests were 
carried out in duplicate.

Determination and quantification of organic acids 
by high performance liquid chromatography

Before the analysis, all strains were incubated in 
the medium at 35 ± 2oC for 18 h and the bacterial 
culture was centrifuged at 12000 rpm for 20 min. CFS 
was separated using a 0.22 µm cellulose acetate fil-
ter. Aliquoted CFS samples were spiked with suitable 
amounts of lactic acid, acetic acid, butyric acid, and 
propionic acid for the calibration curve (n=5). The 
calibration curve was constructed by using a modi-
fied version of the De Baere et al. (2013) extraction 
method. The International Council on Harmonization 
(ICH) guidelines were used for the validation of the 
modified method (ICH 2014). The chromatographic 
separation was performed at 10°C, on an XBridge 
C18 (4.6x250mm, 5 µm) analytical column and con-
nected with a guard column (4 mm × 3 mm) for the 
protection of the analytical column. Fifteen mM phos-
phate buffer (pH 2.1, adjusted with NaOH (5M)) and 
acetonitrile (70:30, v/v) were used as mobile phase. 
The buffer solution was filtered using a 0.45 µm cellu-
lose acetate filter under vacuum. Both buffer and sol-
vents were degassed before the analysis was carried 
out. The analysis was performed by adjusting the in-
strument settings to a flow rate of 1 mL/min, detector 
wavelength of 210 nm and an injection volume of 5 
µl. The present modified method was validated ac-
cording to the selectivity, linearity, LOD, LOQ, preci-

sion, accuracy, etc. as specified in the ICH guideline. 
A known amount of standard acids was spiked to the 
blank CFS to investigate the effect of excipients and 
interferences. All results were calculated after three 
repeated analyses.

RESULTS

Identification of bacterial isolates
Three Gram-positive and catalase-negative bac-

terial isolates from Apis mellifera gut were selected 
on MRS agar plates and one of the three isolates was 
identified as Lactobacillus acidophilus and the oth-
er two isolates were determined as E. faecalis and 
named as 1 and 2 by VITEK® MS MALDI TOF 
mass spectrometer. The isolate, which was identified 
as Lactobacillus acidophilus by VITEK® MS MAL-
DI TOF mass spectrometer analysis, was identified as 
Lactobacillus kunkeei according to the results of 16S 
rRNA genetic analysis. Based on this, throughout the 
entire manuscript, the results and discussion section 
were organized according to the definition obtained 
from genetic analysis.

According to 16S rRNA analysis results, one of 
the three samples was identified as Lactobacillus kun-
keei (L. kunkeei) with a 99.9% sequence matching 
ratio, and the other two isolates were identified as E. 
faecalis with a 100% similarity rate. Gene sequences 
were presented in Table in supplementary data 1.

Acid pH and enzyme tolerance
Low pH values, gastric enzyme environments with 

different pH ranges, and varied concentrations of bile 
salts were used to simulate the GIS conditions. Iso-
lates were tested for 3 and/or 4 hours. It was eval-

Table supplementary data 1. Gene sequences of isolates

Lactobacillus 
kunkeei

27F-1492R primer, 99,9 %similarity ratio
ACACGTGGGTAACCTGCCCCGAAGCGGGGGATAACATTTGGAAACAAGTGCTAATACCGCATAATT
AGTTGGAACCGCATGGTTCCAACTTGAAAGATGGCTCTGCTATCACTTTGGGATGGACCCGCGCCG
TATTAGTTAGTTGGTGAGATAAAAGCCCACCAAGACGATGATACGTAGCCGACCTGAGAGGGTAATC
GGCCACATTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACA
ATGGACGAAAGTCTGATGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAACTCTGT
TGTTAAAGAAGAACAAGTGTTAGAGTAACTGTTAACACTTTGACGGTATTTAACCAGAAAGCCACG
GCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTGGGCGTA
AAGCGAGCGCAGGCGGTTTTGTAAGTCTGCTGTGAAAGCCCTCAGCTCAACTGAGGAAGTGCAGT
GGAAACTACAAAACTTGAGTACAGAAGAGGAAAGTGGAACTCCATGTGTAGCGGTGAAATGCGTA
GATATATGGAAGAACACCAGTGGCGAAGGCGGCTTTCTGGTCTGTTACTGACGCTGAGGCTCGAAA
GCATGGGTAGCGAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGATGAATACTAGGTGTTG
GAGGGTTTCCGCCCTTCAGTGCCGCAGCTAACGCATTAAGTATTCCGCCTGGGGAGTACGACCGCA
AGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGTGGTGGAGCATGTGGTTTAATTCGATG
CTACGCGAAGAACCTTACCAGCTCTTGACATCTTCTGCCAACCCAAGAGATTGGGCGTTCCCTTCGG
GGACAGAATGACAGGTGGTGCATGGTNGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCG
CAACGAGCGCAACCCTTATTATTAGTTGCCAGCATTTAGTTGGGCACTCTAG
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uated that L. kunkeei isolate lost its viability at pH 
1.0 and pH 2.0 in two hours, and at pepsin pH 2.0 in 
three hours. L. kunkeei isolate maintained its vitality 
for 3 hours at pH 3.0 and pepsin pH 3.0 environments 
and 4 hours at pancreatin pH 8.0 and bile salts 0.3%, 
0.5%, 1%. It was also evaluated that E. faecalis 1 and 
2 displayed a loss of their viability at pH 1.0 in two 
hours and at pepsin pH 2.0 in three hours. Isolates 
maintained their vitality for 3 hours at pH 3.0, pepsin 
pH 3.0 and 4 hours at pancreatin pH 8.0 and bile salts 
0.3%, 0.5%, 1%. But it was determined that their vi-
tality decreased significantly after 3 hours at pH 2.0. 
The survival rates of isolates at 3h were given in Fig-
ure 1 and all survival results were tabulated in supple-
mentary data 2.

Hemolytic activity
No hemolysis zones were determined around the 

L. kunkeei, E. faecalis 1 and E. faecalis 2 colonies 
on Columbia agar with 5% sheep blood, and isolates 
were evaluated as gamma hemolytic. 

Antimicrobial susceptibility
Antimicrobial susceptibilities of isolates were test-

ed by microdilution method with antibiotics specified 
by EFSA according to EUCAST standards (Rychen 
2018). The results were shown in Table 1. L. kunkeei 
isolate was found resistant to gentamicin, kanamycin, 
streptomycin, erythromycin, tetracycline, and clinda-
mycin. E. faecalis isolates 1 and 2 were found resis-
tant to gentamicin, streptomycin, clindamycin, and 
erythromycin.

Antimicrobial activity

The antimicrobial activity of CFSs of isolates was 

Table supplementary data 1. Gene sequences of isolates - continued

Enterococcus 
faecalis 1

27F-1492R primer, 100% similarity ratio
GCTAATACCGCATAACAGTTTATGCCGCATGGCATAAGAGTGAAAGGCGCTTTCGGGTGTCGCTGAT
GGATGGACCCGCGGTGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCCACGATGCATAGCC
GACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCA
GTAGGGAATCTTCGGCAATGGACGAAAGTCTGACCGAGCAACGCCGCGTGAGTGAAGAAGGTTTT
CGGATCGTAAAACTCTGTTGTTAGAGAAGAACAAGGACGTTAGTAACTGAACGTCCCCTGACGGTA
TCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTG
TCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTC
AACCGGGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAGAGTGGAATTCCATGTG
TAGCGGTGAAATGCGTAGATATATGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGTCTGTAACT
GACGCTGAGGCTCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAA
CGATGAGTGCTAAGTGTTGGAGGGTTTCCGCCCTTCAGTGCTGCAGCAAACGCATTAAGCACTCCG
CCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA
GCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTTTGACCACTCTAG
AGATAGAGCTTTCCCTTCGGGGACAAAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTG
AGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATTGTTAGTTGCCATCATTTAGTTGGGCAC
TCTAGCGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTA
TGACCTGGGCTACACACGTGCTACAATGGGAAGTACAACGAGTCGCTAGACCGCGAGGTCATGCAA
ATCTCTTAAAGCTTCTCTCAGT

Enterococcus 
faecalis 2

27F-1492R primer, 100% similarity ratio
GGGGATAACACTTGGAAACAGGTGCTAATACCGCATAACAGTTTATGCCGCATGGCATAAGAGTGAA
AGGCGCTTTCGGGTGTCGCTGATGGATGGACCCGCGGTGCATTAGCTAGTTGGTGAGGTAACGGCT
CACCAAGGCCACGATGCATAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGC
CCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCGGCAATGGACGAAAGTCTGACCGAGCAAC
GCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGAGAAGAACAAGGACGTTAG
TAACTGAACGTCCCCTGACGGTATCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGG
TAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTCTTAAG
TCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGA
AGAGGAGAGTGGAATTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAGGAACACCAGTGGCGA
AGGCGGCTCTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGCGTGGGGAGCAAACAGGATTAGATA
CCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTGGAGGGTTTCCGCCCTTCAGTGCTGC
AGCAAACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGAC
GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGT
CTTGACATCCTTTGACCACTCTAGAGATAGAGCTTTCCCTTCGGGGACAAAGTGACAGGTGGTGCAT
GGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATTGTTA
GTTGCCATCATTTAGTTGGGCACTCTAGCGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATG
ACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGGAAGTACAACGAGTC
GCTAGACCGCGAGGTCATGCAAATCTCTTAAAGCTTCTCTCAGTTCGGATTGCAGGCTGC
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Table supplementary data 2. Survival rates of isolates to gastric conditions as log CFU/ml

Parameters Time *Survival rates of isolates as log CFU/ml
L. kunkeii E. faecalis 1 E. faecalis 2

pH 1.0
0. hour 6,505±0,001 6,540±0,17 6,494±0,02
1. hour 1,079±0,014 1,602±0,09 1,851±0,08
2. hour 0 0 0
3. hour 0 0 0

pH 2.0
0. hour 6,591±0,11 6,492±0,1 6,551±0,15
1. hour 1,672±0,13 6,487±0,29 6,506±0,06
2. hour 0 6,276±0,07 5,812±0,02
3. hour 0 1,875±0,09 1,113±0,1

pH 3.0
0. hour 6,499±0,04 6,515±0,09 6,491±0,11
1. hour 6,527±0,18 6,525±0,09 6,562±0,38
2. hour 6,506±0,27 6,517±0,14 6,477±0,16
3. hour 6,522±0,25 6,546±0,15 6,491±0,44

Pepsin 
pH 2.0

0. hour 6,475±0,06 6,488±0,25 6,494±0,06
1. hour 1,518±0,2 5,301±0,1 6,528±0,17
2. hour 0,477±0,07 1,301±0,07 1,507±0,1
3. hour 0 0 0

Pepsin 
pH 3.0

0. hour 6,551±0,17 6,492±0,18 6,552±0,22
1. hour 6,537±0,08 6,521±0,17 6,546±0,15
2. hour 6,457±0,15 6,513±0,22 6,478±0,18
3. hour 6,424±0,06 6,542±0,1 6,494±0,19

Pancreatin
pH 8.0

0. hour 6,495±0,16 6,474±0,17 6,565±0,08
4. hour 6,540±0,23 6,522±0,29 6,436±0,2

Bile salts 
0.3 %

0. hour 6,511±0,14 6,546±0,33 6,551±0,13
4. hour 6,634±0,5 6,547±0,07 6,532±0,39

Bile salts 
0.5 %

0. hour 6,502±0,17 6,457±0,17 6,463±0,06
4. hour 6,222±0,06 6,481±0,3 6,526±0,1

Bile salts 
1 %

0. hour 6,551±0,13 6,474±0,19 6,515±0,14
4. hour 5,222±0,29 6,351±0,13 6,478±0,32

*Average results of three replicate experiments are indicated.

*Average results of three replicate experiments are indicated

Figure 1. Survival rates of isolates to gastric conditions as log CFU/ml.
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determined firstly as a zone of inhibition against E. 
coli ATCC 25922, E. faecalis ATCC 29212, K. pneu-
moniae ATCC 13883, S. aureus ATCC 29213, and P. 
aeruginosa ATCC 27853. The presence of the inhibi-
tion zone was shown as “+” and the absence as “-” in 
Table 2.

And the antimicrobial activity was also tested by 
broth microdilution test as a minimal inhibition con-
centration against the same indicator microorganisms. 
It was determined that L. kunkeei CFS inhibited the 
growth of E. faecalis ATCC 29212. CFSs of E. fae-
calis 1 and 2 were found effective in the growth of 
E. coli ATCC 25922, E. faecalis ATCC 29212, and P. 
aeruginosa ATCC 27853. MIC values of CFSs were 
evaluated as 1/4 dilution of the culture supernatants 
in the first well of the microplates against indicator 
microorganisms. Considering that the antimicrobial 
activities of CFSs may be due to their inhibitor com-
pound production such as bacteriocin, hydrogen per-
oxide, organic acid, etc. The organic acid content of 
the supernatants was determined by the HPLC meth-
od and these results are given in Table 3. According-
ly, it was detected that the isolates produced different 
amounts of lactic, acetic, and butyric acid. 

Diacetyl Production
The red ring formation in test tubes containing 

bacterial cultures was identified as the production of 
diacetyl and the ring was defined as negative (-), weak 

(+), medium (++) or strong (+ + +), depending on the 
intensity of the color compared to reference L. rham-
nosus GG ATCC 53103. According to the results, it 
was determined that L. kunkeei did not produce di-
acetyl, and E. faecalis isolates were strong diacetyl 
producers.

Auto-aggregation test
Autoaggregation values of three isolates ranged 

between 37 and 49. E. faecalis 1 and isolates exhibit-
ed higher aggregation (49±1.90, 43±0.83, respective-
ly) than L. kunkeei isolate (37±0.10) and the control 
strain L. rhamnosus GG ATCC 53103 (65±1.46) had 
the highest score.

Anti-quorum sensing activity
CFSs of L. kunkeei and E. faecalis 1 and 2 had 

inhibitory activity on the N-hexanoyl-L-homoserine 
lactone signal molecule, as shown by the lower pro-
duction of violacein pigment depending on the quo-
rum sensing bacterial communication system (Figure 
supplementary data 3).

Determination and quantification of organic acids 
by high performance liquid chromatography

The concentration of organic acids produced by L. 
kunkeei, E. faecalis 1, and E. faecalis 2 were found 
between 1.7 - 7.5 g/L for lactic acid, 0.94 - 2.20 g/L 
for acetic acid (except E. faecalis 2), 0.22 - 0.38 g/L 
for butyric acid. All results are tabulated in Table 3.

Table 1. Minimum inhibitory concentration (MIC) results of isolates (Results were evaluated according to EFSA stan-
dards) (Rychen 2018)
Bacteria MIC results for antibiotics (µg/ml)

AM GM K S E CC TE C VA
L. kunkeei 0,5 64 >256 128 >256 64 32 4 2
E. faecalis 1 <0,125 256 256 >256 >256 >256 0,5 4 4
E. faecalis 2 <0,125 256 256 >256 >256 >256 0,5 2 4

AM: Ampicillin, CC: Clindamycin, C: Chloramphenicol, E: Erythromycin, GM: Gentamicin, K: Kanamycin, S: Streptomycin, TE: 
Tetracycline, VA: Vancomycin

Table 2. Determination of the antimicrobial activity of tested isolates on indicator microorganisms

Isolates
Zone of inhibition (+/- and as mm)

E. coli 
ATCC 25922

E. faecalis ATCC 
29212

K. pneumoniae 
ATCC 13883

S. aureus 
ATCC 29213

P. aeruginosa 
ATCC 27853

L. kunkeei
CFS - + (7 mm) - - -

E. faecalis 1
CFS + (8 mm) + (10 mm) - - + (7 mm)

E. faecalis 2
CFS + (6 mm) + (9 mm) - - + (6 mm)

+: Zone of inhibition, -: Absence of inhibition zone
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Figure supplementary data 3. Anti-QS activity of tested CFSs 
on Chromobacterium violaceum strain

DISCUSSION
Due to the increasing population, human habitats 

are expanding to different geographical regions, and 
accordingly, a life begins in close contact with the an-
imals existing in these environments. As a result of 
the close contact, direct and/or indirect contact with 
animals provides more opportunities for microor-
ganisms to pass between animals and humans (CDC 
2022). This interaction affects the intestinal microbio-
ta and the studies showed that microorganisms in the 
intestine plays a significant role for both the human 
and animal health along with the immune function 
(Guinane and Cotter 2013). The content of the gut 
microbiota varies depending on the dynamic changes 
that take place during the development, environment, 
nutritional state, physiological state, or the health of 
the host (Bromenshenk et al. 2010).

In order for a bacterium to be identified as a pro-
biotic, it should have beneficial effects on health and 
be scientifically recognized as safe. According to the 
FAO/WHO (2002) criteria, a strain with probiotic 
characteristics should be able to survive in the gas-
trointestinal system, and be resistant to acids and bile 
salts. In the present study, three LAB strains were iso-

lated from the bee gut (L. kunkeei, E. faecalis 1 and 2) 
and investigated for their probiotic abilities, antimi-
crobial efficacy against some pathogen microorgan-
isms, and anti-quorum sensing potential. Different pH 
values (pH 1, 2, 3, 4) and environments with pepsin 
and pancreatic enzymes, and bile salts (0.3%, 0.5%, 
1%) were tested to determine what extent the strains 
could tolerate GIS conditions. The results showed that 
all strains had tolerance to pH 3, pepsin pH 3, pancre-
atin pH 8, and bile salt environments with better via-
bility rates at the end of the determined periods. Wang 
et al. (2020) showed that E. faecalis isolates from in-
fant faecal samples survived at pH 5.0 and 3% bile 
salt. Mohammad et al. (2020) evaluated Leuconostoc 
mesenteroides, Lactobacillus musae, Lactobacillus 
crustorum, Lactobacillus mindensis, E. faecalis iso-
lates from bee bread which showed survival rates of 
more than 80% pH 3 for 3 h and more than 60% bile 
salts 0.3%. Baccouri et al. (2019) determined that E. 
faecalis strains isolated from traditional food products 
tolerated the GIS (acidity and bile salt) conditions. 
Hasali et al. (2018) detected that Lactobacillus strains 
from Heterotrigona itama honey were resistant to pH 
2 and 0.3% bile salts concentration. Kim et al. (2017) 
reported that E. faecalis PSCT3-7 isolated from pig 
intestines showed tolerance to pH 3-8 and 0.3% bile 
salts, and showed antibacterial activity against Sal-
monella Typhimurium in a concentration-dependent 
manner. Khalkhali and Mojgani (2017) reported that 
E. faecalis TA102 isolated from human milk survived 
acidic and 1% bile salt conditions, simulated GIS con-
ditions, and CFS of isolating inhibited the growth of 
E. coli, Listeria monocytogenes, Salmonella typhi, S. 
aureus, Shigella dysenteriae, and Streptococcus aga-
lactiae. Shokryazdan et al. (2014) found that isolated 
Lactobacillus strains (L. acidophilus, L. fermentum, 
L. buchneri, L. casei) exhibited good acid tolerance 
at pH 3 for 3 h. 

The present study had similar results to the pub-
lished studies and determined that L. kunkeei, E. 
faecalis 1 and 2 isolates were found resistant to gen-
tamicin, streptomycin, erythromycin, and clindamy-
cin. Tetracycline and kanamycin resistance was also 

Table 3. Organic acid amounts of culture supernatants of isolates
Lactic Acid Acetic Acid Butyric Acid

L. kunkeei 1,75 ± 0,03 2,21 ± 0,01 0,39 ± 0,01
E. faecalis 1 7,52 ± 0,23 0,95 ± 0,01 0,3 ± 0,02
E. faecalis 2 5,95 ± 0,02 <LOD 0,23 ± 002

LOD: Limit of detection
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shown in L. kunkeei isolate. Vergalito et al. (2020) 
evaluated that Apilactobacillus kunkeei isolates (K18, 
K34, DSM 12361) were resistant to ampicillin, chlor-
amphenicol, and kanamycin. Wang et al. (2020) re-
ported that E. faecalis isolates from healthy infant 
faeces were resistant to erythromycin, quinupristin/
dalofopine, and clindamycin. Baccouri et al. (2019) 
report the occurrence of tetracycline resistance gene 
in E. faecalis OB14 by whole genome sequencing 
analysis. Joghataei et al. (2019) found that Lacto-
bacillus strains isolated from Iranian traditional fer-
mented food products were resistant to vancomycin 
and streptomycin. Kim et al. (2017) underlined that 
E. faecalis PSCT3-7 from pig intestines showed re-
sistance to colistin, spectinomycin, streptomycin, 
chloramphenicol, florfenicol, norfloxacin, novobio-
cin, cephalexin, bacitracin, marbofloxacin, gentami-
cin. Khalkhali and Mojgani (2017) found vancomycin 
resistance in E. faecalis TA102 isolated from human 
milk. Al Atya et al. (2015) have examined that E. 
faecalis isolates isolated from meconium which was 
resistant to clindamycin and erythromycin. Hanchi 
et al. (2014) showed that E. faecalis 61B from Tu-
nisian dairy products were resistant to erythromycin. 
This resistance profile was in agreement with the lit-
erature, Mathur and Singh (2005) stated the intrinsic 
resistance in enterococci to various antibiotics such 
as aminoglycosides and beta-lactams. Ribeiro et al. 
(2014) reported that antimicrobial agents may be used 
in the treatment and control of infectious diseases in 
bees as a cause of antibiotic resistance in microor-
ganisms. This could also affect humankind indirectly 
in terms of antibiotic resistance in microorganisms 
considering the concept of one health (CDC 2022). s 
(Guinane and Cotter 2013).

Vergalito et al. (2020) found that Apilactobacillus 
kunkeei isolates (K18, K34, K45) had inhibitory ac-
tivity against E. faecalis ATCC 29212 and P. aerugi-
nosa ATCC 27853. Jomehzadeh et al. (2020) showed 
that Lactobacillus strains isolated from faeces of in-
fants inhibited the growth of Yersinia enterocolitica 
ATCC 23715, Shigella flexneri ATCC 12022, Salmo-
nella enterica ATCC 9270, and enteropathogenic E. 
coli (EPEC) ATCC 43887. Abhisingha et al. (2018) 
determined that L. johnsonii LJ202 from piglets was 
inhibited the growth of Salmonella enterica Enter-
itidis DMST7106 in 10 h. In literature, it was found 
that some LAB strains including Lactobacillus and 
Enterococcus strains from different environments had 
also antagonistic activity against Pseudomonas spp., 
Proteus spp. (Zugic Petrovic et al. 2020), Listeria 

monocytogenes (Valente et al. 2019), Streptococcus 
mutans (Fang et al. 2018), S. aureus, Staphylococcus 
epidermidis (Jabbari et al. 2017), Pseudomonas puti-
da, Pseudomonas fluorescens, Salmonella typhimuri-
um, Shigella flexneri and Shigella sonnei (Liu et al. 
2016). In accordance with these studies, in the present 
study, it was determined that LAB isolated from bee 
gut had inhibitory activity on E. faecalis ATCC 29212, 
E.coli ATCC 25922, and P. aeruginosa ATCC 27853.

In the present study, similarly to the published 
studies, it was found that LAB isolates produced lac-
tic acid between 1.7 - 7.5 g/L, acetic acid 0.94 - 2.20 
g/L (except E. faecalis 2), butyric acid 0.22 - 0.38 g/L 
as previously stated (Table 3). Franco et al. (2020) 
evaluated the quantity of lactic and acetic acid pro-
duced by LAB from Quinoa sourdough fermentation 
and found that organic acid amounts changed accord-
ing to quinoa flour type. The highest values of lactic 
and acetic acid were determined as 7.75 ± 0.15 mM/
kg and 5.84 ± 0.11 mM/kg, respectively. Ouiddir et al. 
(2019) showed that the selected LAB strains for ap-
plication in dairy and bakery products produced lac-
tic acid between 1.04 ± 0.18 to 12.1 ± 1.61 and acetic 
acid 0.03 ± 0.006 to 0.64 ± 0.17. Al Atya et al. (2015) 
concluded that E. faecalis 28 and E. faecalis 93 iso-
lates produced up to 7.06 g/l of lactic acid, after 24 h 
incubation. 

The aggregation ability of the bacteria, which is 
an important criterion in terms of probiotics, allows 
them to attach to the cells and colonize dominantly. 
Due to this feature, LAB can form a biological bar-
rier by adhering to the surface, one another, and col-
onizing the cells they occupied (Vlkova et al. 2008). 
Lactobacilli were reported to prevent the colonization 
of pathogenic bacteria by aggregation (Ferreira et al. 
2011). In the present study, the highest autoaggrega-
tion score was registered for E. faecalis 1 with 49 ± 
1.9 %. Results of a study on two E. faecalis isolated 
from Rigouta cheese were similar to our results with 
scores of 48,9 and 54.3 (Baccouri et al. 2019). Auto-
aggregation values of five Lactobacilli samples from 
dental caries of children ranged between 48-93% (Pi-
wat et al. 2010; Sophatha et al. 2020). All these per-
centages are comparable with the human isolates. E. 
faecalis strains isolated from the meconium of human 
donors were determined to have an autoaggregation 
ratio between 35-49% (Al Atya et al. 2015). Entero-
coccus spp. isolated from a healthy human vagina and 
GIS was reported to have an aggregation ratio be-
tween 20-50% (Bhagwat et al. 2019). 
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Inhibition of quorum sensing-controlled pigment 
production of C. violaceum strain was achieved by 
the culture supernatants of the isolates in the present 
study. Onbas et al. (2019) observed that Lactobacillus 
plantarum F-10 inhibited the quorum sensing-con-
trolled virulence factors of P. aeruginosa such as 
motility, protease, elastase, pyocyanin, and rhamno-
lipid production. Joshi et al. (2014) determined the 
anti-quorum sensing potential of L. plantarum NC8 
against multidrug-resistant P. aeruginosa for infec-
tion control.

CONCLUSION
Bee gut was identified as a novel LAB source with 

significant probiotic characteristics. E. faecalis 1, 2, 
and L. kunkeei isolates were able to tolerate GIS con-
ditions, showed antagonistic activity against some 
pathogen bacteria and were found to be gamma hae-
molytic. These isolates were found to be resistant to 
some of the antibiotics tested. Based on the results 
of new in vivo studies for genetic determination of 
safety assessment and virulence traits, and promising 
probiotic properties of isolates, it is thought that in-
dustrial use potentials will emerge.
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