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Abstact

Consumers are increasingly interested in functional foods containing probiotics. Bee products, widely produced 
in Türkiye due to favorable conditions, are important in natural nutrition. In this study, the diversity of lactic acid 
bacteria (LAB) and potential probiotic properties in bee bread and bee pollen samples collected from different 
regions of Türkiye were investigated. After the phenotypic and genotypic identification of LAB, their technolog-
ical functions and their functionality in the gastrointestinal system were determined. Strains isolated from bee 
bread and pollen in Turkey, exhibiting a total of 37 different (GTG)5 profiles, were clustered into 8 different LAB 
species as Apilactobacillus kunkeei, Lactiplantibacillus plantarum, Limosilactobacillus fermentum, Lactococcus 
lactis, Weissella cibaria, Weissella confusa, Leuconostoc mesenteroides and Enterococcus faecium by 16S rRNA 
sequencing. While the salt and temperature tolerance abilities of LAB isolates gave similar results for the same 
species from different regions, Lpb. plantarum, L. lactis M3, M5 and W. confusa S6 strains that could grow at 8% 
salt concentration and 45°C temperature were remarkable. It was observed that there were significant differences 
between the isolates of the same type of LAB strains from different provinces in low pH, bile salt resistance, auto-
aggregation, and antibiotic susceptibility properties (p<0.05). However, according to the antimicrobial analysis 
results, it was determined that the antagonism degrees of LAB strains varied from strain to strain, independent of 
the isolation origin. The strongest antimicrobial activity against foodborne pathogens belonged to Lpb. plantarum 
strains.
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Introduction

Edible bee products such as bee bread and bee pollen are 
considered superfoods due to their positive effects on 
human health (Kafantaris et al. 2021). Pollen is the male 
gametes found in plants, and bee pollen is formed when 
this pollen combines with the salivary secretions of bees. 
Protected by the bee in the comb, pollen undergoes natu-
ral fermentation by lactic acid bacteria (LAB) and yeasts 
after being covered with wax and honey (Mohammad 

et al. 2021; Kahraman-Ilıkkan 2023). The transformation 
of bee pollen into bee bread takes about 7 days, with a 
series of microbiological and biochemical changes. This 
change includes the growth of microorganisms such as 
LAB, aerobic bacteria, and yeasts; the decrease in pH by 
bacteria that use nutrients; the loss of Streptococcus bac-
teria; and the death of some LAB and yeasts due to the 
lactic acid produced. Anaerobic microorganisms, and 
LAB in particular, play an important role in the pro-
cess (Khalifa et  al. 2020; Li et  al. 2024). Identification 
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of different LAB species from bee bread and pollen is 
important both to better understand their roles in fermen-
tation processes and to discover new technological, func-
tional, and probiotic properties (İspirli and Dertli 2021). 
Thus far, several studies have reported the LAB species 
Streptococcus, Lactobacillus, Pediococcus, Leuconostoc, 
and Weissella, which are typical for bee bread and bee 
pollen (Zuluaga-Dominguez and Fuenmayor 2022). In 
particular, some of the LAB isolated from bee products 
belong to a special group known as fructophilic lactic acid 
bacteria (FLAB). FLAB are adapted to fructose-rich envi-
ronments such as honey, fruits, and bee-derived materi-
als, and display specific metabolic characteristics, such as 
requiring external electron acceptors for efficient glucose 
metabolism. Their adaptation to these niches makes them 
an important microbial group contributing to the fermen-
tation and preservation of bee products (Endo et al. 2018). 
Due to the known beneficial effects of bee products on 
human health, such as strengthening the immune system, 
improving digestion, and anti-cancer and anti-diabetic 
effects, it would be a suitable choice to use LAB obtained 
from bee bread and bee pollen as probiotics in food appli-
cations (Goh et al. 2021; Liu et al. 2023). However, many 
factors, including geographical location and floral origin, 
can affect the bee bread fermentation process and also the 
LAB diversity, corresponding to the quality of the prod-
uct (Vásquez and Olofsson 2009). Currently, there are 
very few studies investigating the microbial diversity of 
bee bread and pollen according to geographical origin and 
seasonal differences, and most of them were conducted in 
the USA and Europe (Liu et al. 2023; Li et al. 2024).

Conscious efforts are being made to produce and con-
sume bee bread and pollen in many parts of the world, 
including Türkiye. Therefore, further studies are needed 
to understand the chemical and microbial composition 
of bee-derived products from different origins. However, 
the microbiota and characterization of bee bread and 
pollen in Türkiye have not yet been comprehensively 
determined. This study aimed to determine the diversity 
and potential probiotic properties of LAB strains isolated 
from bee bread and bee pollen samples collected to repre-
sent regions with different climatic conditions in Türkiye. 
Morphological, biochemical, and genotypic studies were 
performed to reveal the microbial diversity of LAB, and 
their tolerance to low pH and bile salts, autoaggregation, 
antibiotic resistance, and hemolytic activities were tested 
to determine their probiotic functionality.

Material and Methods

Material

Bee bread (BB) and bee pollen (BP) were supplied by bee-
keepers in Muğla (M), Manisa (M), Bursa (B), Samsun 

(S), Erzurum (E), and Van (V) provinces and brought to 
the laboratory under aseptic conditions and cold chain. 
The provinces from which the samples were obtained 
were selected from different geographical regions affect-
ing the climate diversity of Türkiye. BB and BP samples 
were collected fresh and wet from the combs after the 
honey was collected from the hives in September, follow-
ing the end of the honey season. BB and BP samples from 
various provinces were mixed to represent the province 
they were supplied from and were used as BB/BP mix 
throughout the analyses after being ground in a blender. 
Bee bread and pollen samples from Muğla and Manisa 
provinces were planned to represent the Aegean Region 
and were used in the analyses after being blended. 

Methods

Isolation of  lactic acid bacteria
Isolation of LAB strains from BB/BP mix samples was 
carried out in broth and agar forms of Man, Rogosa, 
and Sharpe (MRS) (Biokar, France), and M17G (0.5% 
glucose supplemented) (Biokar, France) medium. The 
BB/BP mix was added to 90 mL MRS and M17G broth 
at 10 g each under aseptic conditions and shaken for 1 
min until homogeneous. Anaerobic incubation was car-
ried out at 30°C for 48 h for pre-enrichment to promote 
the growth of LAB. Following incubation, all main stocks 
were diluted to 10–⁷ with physiological saline (0.85% w/v 
NaCl), and pour plate inoculations were performed on 
MRS-M17G agar medium. For each of the B, E, M, S, 
and V samples, 40 different colonies were selected from 
petri dishes containing 30 to 300 colonies. A total of 200 
colonies were isolated from all samples. The purity of the 
collected strains was checked by streak plating on MRS 
and M17G agar media. Strains that were confirmed to be 
pure were grown in broth medium for 18–20 h and then 
stored at -80°C.

Screening of  lactic acid bacteria
Bacterial suspensions in MRS and M17G broths were 
subjected to Gram staining, and colonies observed as 
violet-purple were evaluated as Gram-positive, while 
colonies observed as pink-red were determined as Gram-
negative. Gram-stained strains were classified mor-
phologically (cocci, bacilli) under the light microscope 
(Hasali et al. 2015).

During fermentation assays, LAB inoculation was per-
formed in MRS and M17G broth media containing an 
inverted Durham tube, and gas (CO₂) production was 
tested after 48 h of incubation at 30°C. The fermentation 
type (homo- or heterofermentation) was determined 
based on gas production. In the Durham tube where gas 
production was observed, the presence of heterofermen-
tative bacteria was confirmed.
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prepared in this way, a program was applied in a PCR fol-
lowing an initial denaturation at 95°C for 3 min, consist-
ing of 30 cycles at 95°C for 30 s, 57°C for 40 s, and 72°C 
for 1 min, with a final extension at 72°C for 5 min. 

The accuracy and purity of the fragments amplified by 
PCR were monitored by running them in agarose gel (1% 
w/v, 100 mL 1xTAE). PCR fragments of the correct size 
and purity were subjected to Sanger DNA sequencing 
analysis by BM Laborsis (Ankara). DNA sequences of 
fragments obtained from bacteria in the study were iden-
tified with closely related species in the NCBI (National 
Center for Biotechnology Information) database using 
the BLAST algorithm. DNA sequences showing ≥98% 
similarity with reference sequences in the NCBI data-
base were identified at the species level. The sequences 
obtained for each strain were submitted to GenBank 
(United States of America) and received accession num-
bers (Table 1). According to the methodology determined 
by Kumar et al. (2018) and Stecher et al. (2020), the phy-
logenetic tree was drawn based on the gene sequences of 
the strains in the MEGA X program, and the degrees of 
relatedness were observed. The evolutionary history was 
inferred using the Neighbor-Joining method (Saitou and 
Nei 1987) implemented in MEGA X. Evolutionary dis-
tances were computed using the Maximum Composite 
Likelihood method (Tamura et  al. 2011). The reliability 
of the tree was evaluated by bootstrap analysis with 1000 
replications.

Salt tolerance 
Activated (24 h) bacterial isolates from stock were inocu-
lated at a 1% rate into MRS and M17G broth (0.004% w/v 
bromcresol purple) media containing 2%, 4%, 6%, 8%, 
and 10% (w/v) NaCl. After incubation at 30°C for 48-72 
h, their growth status was tested. A positive result was 
determined when the color of the medium turned yellow 
(Goh et al. 2021).

Temperature sensitivity 
Activated (24 h) cultures from stock were inoculated into 
MRS and M17G broth (containing 0.004% w/v brom-
cresol purple) at a rate of 1%. Their growth status was 
tested by incubating for 48-72 h in an incubator set at 
4°C, 25°C, 37°C, 45°C, and 80°C. A change in the color 
of the medium to yellow was accepted as a positive result 
(Goh et al. 2021).

Low pH tolerance
Growth resistance of LAB to low pH medium was 
determined according to the method suggested by 
Maragkoudakis et  al. (2006). Bacterial cultures were 
grown overnight at 30°C in MRS and M17G broth. 
Bacterial cells were centrifuged at 10,000 rpm for 5 
min at 4°C and washed twice with phosphate-buffered 
saline (PBS, pH 7.4) before being resuspended in PBS 

A few drops of 3% hydrogen peroxide (H₂O₂) were 
added to the isolated LAB colonies on MRS and M17G 
broth media, and the formation of gas bubbles was 
observed. Samples that produced gas were evaluated as 
catalase-positive.

LAB isolates activated in MRS and M17G broth were 
transferred to blood agar plates supplemented with 5% 
sheep blood (BESLAB, İstanbul, Türkiye) by scratch inoc-
ulation and then incubated at 37°C for 48 h. After incu-
bation, the plates were examined for hemolytic reaction 
(Goh et al. 2021). Isolates that did not show a clear zoned 
area (γ-hemolytic) were selected as potential probiotics, 
while isolates with a clear hemolysis area (β-hemolytic or 
complete hemolytic) or a greenish ring (α-hemolytic or 
partial hemolytic) were not used in the rest of the study.

(GTG)5 fingerprint analysis of  LAB isolates
Genomic DNA of LAB strains activated in MRS and 
M17G broth was isolated according to the Cell DNA 
Isolation protocol in the DNA isolation kit (NucleoGene, 
Türkiye). The concentration and purity of the extracted 
DNA were assessed using a NanoDrop spectrophotom-
eter (Thermo Fisher Scientific, USA) by measuring the 
absorbance at 260/280 nm.

In order to separate similar strains among the bac-
terial isolates selected in the study, fingerprint pro-
files were created by amplifying the GTG5 (5’-GTG 
GTGGTGGTGGTG-3’) repeat series (Scheirlinck et  al. 
2008). Twenty μL of PCR mixture was used for each strain 
in the amplification of these repeat series. In the prepa-
ration of this mixture, 10 μL of master mix (2*FIREPol 
Master Mix/ NucleoGene), 1 μL of (GTG)₅ primer 
(NucleoGene, Türkiye), 2 μL of DNA extract, and sterile 
ultrapure water were combined to make a total volume 
of 20 μL. In the PCR process, a program lasting 4 h in 
total was applied, with the combination of 95°C for 3 min 
pre-denaturation, 30 cycles of 95°C for 30 s, 30°C for 40 
s, 72°C for 5 min, and in the final stage, 72°C for 10 min. 
PCR products were run in agarose gel (1% w/v agarose, 
200 mL 1xTAE) containing 10 µL ethidium bromide at 70 
V for 5 h, and the band profiles were monitored with UV 
light in the gel imaging system (Vilber Lourmat). 

16S rRNA sequence analysis of  LAB isolates
Identification of lactic acid bacteria was performed using 
DNA sequencing of the V3 region of the 16S rRNA 
gene (Oliver et  al. 2023). This region was amplified by 
PCR using the universal primer pairs 27F (5’-AGAG 
TTTGATCCTGGCTCAG-3’) and 780R (5’-TACCAGGG 
TATCTAATCCTGTT-3’). The PCR mixture consisted of 
25 μL master mix (2*FIREPol Master Mix), 1 μL each of 
27F and 780R primers (NucleoGene, Türkiye), and 2 μL 
of genomic DNA extract, and was completed to a total 
volume of 50 μL with sterile ultrapure water. To the tubes 
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Bile salts tolerance
The ability of LAB isolates to tolerate bile salts (bovine 
bile) was determined according to the method suggested 
by Plessas et  al. (2017). Bacterial cultures were grown 
overnight in MRS and M17 broth at 30°C, and bacte-
rial cells were collected by centrifugation at 10,000 rpm 

solution (pH 3). Cell cultures prepared with PBS were 
counted for viable colony numbers after incubation for 
4 h at 37°C. The inhibition rate was calculated as a per-
centage of the number of bacteria remaining alive after 
application, compared to the number of bacteria before 
application.

Table 1.  Summary of bacterial strains isolated from bee bread and bee pollen mixed samples from different regions of Türkiye.

Location Strains Code Closest BLAST Match Number of 
Isolates

Gram-
Staining

Shape of 
Strains

Fermentation Accession 
Number

Bursa B1 Apilactobacillus kunkeei 21 + Bacilli Hetero-fermentative PQ459474

B2 Apilactobacillus kunkeei 5 + Bacilli Hetero-fermentative PQ459485

B3 Leuconostoc mesenteroides 4 + Cocci Hetero-fermentative PQ459487

B4 Lactococus lactis 4 + Cocci Homo-fermentative PQ459495

B5 Enterococcus faecium 2 + Cocci Homo-fermentative PQ459482

B6 Enterococcus faecium 1 + Cocci Homo-fermentative PQ459484

B7 Lactiplantibacillus plantarum 2 + Bacilli Homo-fermentative PQ459501

B8 Leuconostoc mesenteroides 1 + Cocci Hetero-fermentative PQ459487

Erzurum E1 Apilactobacillus kunkeei 20 + Bacilli Hetero-fermentative PQ459476

E2 Apilactobacillus kunkeei 11 + Bacilli Hetero-fermentative PQ459477

E3 Limosilactobacillus fermentum 2 + Bacilli Hetero-fermentative PQ459494

E4 Leuconostoc mesenteroides 2 + Cocci Hetero-fermentative PQ459493

E5 Lactiplantibacillus plantarum 3 + Bacilli Homo-fermentative PQ459504

E6 Apilactobacillus kunkeei 1 + Bacilli Hetero-fermentative PQ462290

E7 Enterococcus faecium 1 + Cocci Homo-fermentative PQ462287

Manisa/
Muğla

M1 Apilactobacillus kunkeei 12 + Bacilli Hetero-fermentative PQ462286

M2 Limosilactobacillus fermentum 8 + Bacilli Hetero-fermentative PQ459494

M3 Lactococus lactis 8 + Cocci Homo-fermentative PQ459496

M4 Leuconostoc mesenteroides 7 + Cocci Hetero-fermentative PQ462291

M5 Lactococus lactis 2 + Cocci Homo-fermentative PQ459496

M6 Weissella cibaria 2 + Bacilli Hetero-fermentative PQ459498

M7 Enterococcus faecium 1 + Cocci Homo-fermentative PQ462288

Samsun S1 Enterococcus faecium 10 + Cocci Homo-fermentative PQ462288

S2 Apilactobacillus kunkeei 11 + Bacilli Hetero-fermentative PQ459486

S3 Apilactobacillus kunkeei 7 + Bacilli Hetero-fermentative PQ459479

S4 Lactiplantibacillus plantarum 2 + Bacilli Homo-fermentative PQ459503

S5 Leuconostoc mesenteroides 3 + Cocci Hetero-fermentative PQ459492

S6 Weissella confusa 6 + Bacilli Hetero-fermentative PQ459500

S7 Leuconostoc mesenteroides 1 + Cocci Hetero-fermentative PQ462291

Van V1 Apilactobacillus kunkeei 17 + Bacilli Hetero-fermentative PQ459481

V2 Apilactobacillus kunkeei 7 + Bacilli Hetero-fermentative PQ459486

V3 Lactococus lactis 3 + Cocci Homo-fermentative PQ462292

V4 Lactiplantibacillus plantarum 3 + Bacilli Homo-fermentative PQ459502

V5 Leuconostoc mesenteroides 7 + Cocci Hetero-fermentative PQ462291

V6 Enterococcus faecium 1 + Cocci Homo-fermentative PQ459482

V7 Lactiplantibacillus plantarum 1 + Bacilli Homo-fermentative PQ459502

V8 Weissella cibaria 1 + Bacilli Hetero-fermentative PQ459499

 (+): Positive, (-): Negative. Accession numbers indicate the 16S rRNA gene sequences deposited in the GenBank database for each strain.
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for 5 min at 4°C. They were washed twice with PBS, pH 
7.4, before being resuspended in PBS buffer with 0.3% 
bile salts. After incubation at 37°C for 4 h, the bacterial 
suspension was serially diluted, and viable counts were 
performed on the respective media agar. The incubation 
time and temperature were determined based on the 
digestion time of nutrients in the stomach and intestines. 
The inhibition rate was calculated as a percentage using 
the equation described in the low pH tolerance analysis.

Autoaggregation assay
Autoaggregation abilities of LAB isolates were tested with 
the methodology described previously (Sakandar et  al. 
2019). According to this method, strains were grown in 
the relevant medium for 24 h at 30°C, and cell pellets 
were obtained by centrifugation (5000×g, 15 min, room 
temperature). The cell pellets of the isolates were washed 
twice with PBS and then suspended in the same buffer until 
OD600 nm (optical density) was 1. After taking 5 mL of this 
suspension and vortexing for 10 seconds, the suspension 
of LAB isolates was kept at room temperature for 24 h to 
determine the autoaggregation percentage of each strain. 
OD600 nm measurements were performed before and after 
the incubation period, and the autoaggregation percentage 
was determined by the following formula: Autoaggregation 
(%) = [(A−B)/A]×100. A and B in the formula represent 
OD600 nm at 0 h and OD600 nm at 24 h, respectively.

Antimicrobial activity
The antibacterial activities of the LAB strains were tested 
against B. cereus ATCC 11778, L. monocytogenes ATCC 
7644, Staph. aureus ATCC 25923, and E. coli ATCC 
25922 according to the methodology of Kiran et  al. 
(2023). CFS (cell-free culture supernatant) of LAB strains 
was prepared from subcultures in MRS broth. The 24 h 
cultures were centrifuged (6000×g, 20 min), and super-
natants were filtered through a syringe filter (0.22 μm). 
Indicator bacterial suspensions developed separately in 
BHI broth (Brain Heart Infusion broth, Condalab, Spain) 
were inoculated into 7 mL of soft BHI agar medium 
containing 0.7% agar (at 45ºC). It was poured homoge-
neously onto plates containing Nutrient Agar (Biokar 
Diagnostics, France) as a second layer. After the agar 
solidified, 5 mm diameter wells were opened using a ster-
ile glass Pasteur pipette, and CFS was filled into the wells 
as 100 μL. At the end of the 24-hour incubation period 
at 37ºC, the diameters of the inhibition zones around the 
wells were measured in millimeters (mm) using a digital 
caliper. The measurements were compared with inhibi-
tion zone values reported in previous studies to evaluate 
the antimicrobial activity levels.

Antibiotic susceptibility
Antibiotic susceptibilities of LAB strains were deter-
mined using the methodology applied by Goh et  al. 
(2021). After the LAB strains were activated, the initial 

population of isolates was adjusted to 1 OD600 with 
physiological saline. 0.1 mL of the prepared dilution was 
taken and inoculated into MRS or M17G agar plates 
using the spread plate method under sterile conditions. 
Then, commercial antibiotic disks (Bioanalyse, Ankara, 
Türkiye) of ampicillin (Amp, 10 μg), chloramphenicol (C, 
30 μg), erythromycin (E, 15 μg), kanamycin (K, 30 μg), 
tetracycline hydrochloride (TE, 30 μg), oxytetracycline 
(T, 30 μg), penicillin (P, 10 μg), and streptomycin (S, 10 
μg) were placed in the center of MRS and M17 plates. 
After 24 h incubation at 37°C, the inhibition zones were 
measured using a caliper, and the results were classified 
as susceptible (S, >21 mm), intermediate (I, 16-21 mm), 
or resistant (R, <16 mm) as described by the Clinical and 
Laboratory Standards Institute (CLSI).

Statistical analysis 

The experiments were carried out in two replications. The 
study results were analyzed using one-way ANOVA with 
the MINITAB 15.0 statistical software (State College, 
Pennsylvania, USA). Tukey’s test was used for comparing 
the mean data of the groups, and the comparison data 
were evaluated with a confidence interval of p ≤ 0.05. 

Result and Discussion 

Morphological and biochemical characteristics of LAB 
isolates

During the selection of strains from the B, E, M, S, and 
V samples, Gram-positive colonies were prioritized. As a 
result of microscopic examination of the strains isolated 
from samples coded B, E, M, S, and V, we reported that 
among the 200 Gram-positive strains, there were 142 
rod-shaped and 58 cocci-shaped bacteria (Table 1). 

In order to detect and collect different strain species in 
the isolation of LAB from BB/BP mixture samples, atten-
tion was paid to ensure that the fermentation abilities of 
the selected strains were different from each other. When 
the results of the fermentation tests were examined, 
while 156 of the isolated strains were heterofermentative, 
the presence of 44 homofermentative strains was also 
detected (Table 1).

All strain isolates were tested as catalase negative. LAB 
that have the potential to show antimicrobial activity 
and can be used in food applications were reported to 
be catalase negative (Aween et  al. 2012; Hasali et  al. 
2015).

All of the 24 LAB isolates had γ-hemolytic activity on the 
blood agar plate and are considered safe to consume (Table 2).  
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Table 2.  Salt tolerance, temperature tolerance and hemolytic activity properties of LAB.

Strain Salt Tolerance Temperature Tolerance

%2 %4 %6 %8 %10 4°C 25°C 37°C 45°C 80°C H

Apilactobacillus kunkeei B1 + + ± – – – ± + ± – γ
Apilactobacillus kunkeei B2 + + ± – – – + + ± – γ
Apilactobacillus kunkeei E1 + + ± – – – ± + ± – γ
Apilactobacillus kunkeei E2 + + ± – – – ± + ± – γ
Apilactobacillus kunkeei E6 + + ± – – – + + ± – γ
Apilactobacillus kunkeei M1 + + ± – – – ± + ± – γ
Apilactobacillus kunkeei S2 + + ± – – – + + ± – γ
Apilactobacillus kunkeei S3 + + ± – – – ± + ± – γ
Apilactobacillus kunkeei V1 + + ± – – – ± + ± – γ
Apilactobacillus kunkeei V2 + + ± – – – + + ± – γ
Lactiplantibacillus plantarum B7 + + + ± – – + + + – γ
Lactiplantibacillus plantarum E5 + + + ± – – + + + – γ
Lactiplantibacillus plantarum S4 + + + ± – – + + + – γ
Lactiplantibacillus plantarum V4 + + + ± – – + + + – γ
Lactiplantibacillus plantarum V7 + + + ± – – + + + – γ
Lactococus lactis B4 + + ± – – – + + + – γ
Lactococus lactis M3 + + ± ± – – + + + – γ
Lactococus lactis M5 + + ± ± – – + + + – γ
Lactococus lactis V3 + + ± – – – + + + – γ
Limosilactobacillus fermentum E3 + + ± – – – + + + – γ
Limosilactobacillus fermentum M2 + + ± – – – + + + – γ
Weissella cibaria M6 + + ± – – – + + + – γ
Weissella cibaria V8 + + ± – – – + + + – γ
Weissella confusa S6 + + ± ± – – + + + – γ

H: Hemolysis, γ: Gamma Hemolysis (non-Hemolytic). Growth indication based on color of  the medium: +: Yellow (Positive), –: Purple (Negative),  
±: Brownish (Weak Positive).

The hemolytic activity of these 24 LAB isolates provided 
insight into selecting the right LAB isolate for future 
applications.

(GTG)5 fingerprint analysis of LAB isolates 

A total of 200 LAB isolates obtained from 5 different 
BB/BP mix samples were analyzed using (GTG)₅-PCR 
fingerprinting. The isolates were clustered into 37 dis-
tinct band profiles based on similarity of DNA patterns. 
Approximately 40 strains were collected from each sam-
ple, and isolates with identical fingerprint profiles were 
grouped and numbered accordingly. Among the profiles, 
several dominant patterns were observed across different 
samples, indicating the presence of common LAB strains. 
Representative isolates from each distinct band profile 
were selected for further identification based on their 
different fingerprint patterns observed in the gel images 

(Figure 1A). While the highest strain diversity was found 
in the BB/BP mix samples obtained from Bursa and Van 
provinces, 7 different strain profiles were observed in 
the sample mixtures obtained from Erzurum, Muğla, 
and Samsun provinces. In order to achieve high diversity 
in the identification of isolates, the DNA bands of the 
strains amplified from approximately 750-1000 bp region 
in the 16S rRNA were clearly observed in the PCR gel 
imaging system (Figure 1B).

16S rRNA sequence analysis of LAB isolates

Thirty-seven different band profiles were identified as 
Apilactobacillus kunkeei, Lactiplantibacillus plantarum 
(formerly Lactobacillus plantarum), Limosilactobacillus 
fermentum (formerly Lactobacillus fermentum), 
Lactococcus lactis, Weissella cibaria, Weissella confusa, 
Leuconostoc mesenteroides and Enterococcus faecium 



360� Italian Journal of  Food Science, 2025; 37 (3)
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in all samples. The dominant species in samples B, E, M, 
S, and V was A. kunkeei with rates of 65%, 80%, 30%, 45%, 
and 60%, respectively. Although the number and species 
of LAB isolated from all samples were similar, W. confusa 
was isolated only from sample S; W. cibaria from samples 
M and V; and Limosilactobacillus fermentum from sam-
ples E and M. Lactiplantibacillus plantarum strains were 
only found in the M sample, and Lactococcus lactis strains 
were not found in the E and S samples. The main group 
constituting the dominant bacterial flora in bee bread 
and pollen are bacteria belonging to the Lactobacillus 
genus. The fermentation process of these microorgan-
isms, which lasts about two weeks, affects biochemical 
properties such as pH decrease and an increase in lactic 
acid content. The information that this situation makes A. 
kunkeei LAB species dominant in the flora supports our 
study (Vásquez and Olofsson, 2009; Zuluaga-Dominguez 
and Fuenmayor, 2022). Additionally, Asama et al. (2015) 
sequencing analysis of the microbiota of honeybees and 
products revealed that L. kunkeei (currently classified as 
Apilactobacillus kunkeei) was dominant in honey, bee 
pollen, bee bread, and royal jelly.

The evolutionary history was inferred using the Evolution 
method, with the optimal tree shown in Figure  2. This 
analysis involved 37 nucleotide sequences, and all ambig-
uous positions were removed for each sequence pair 
using the pairwise deletion option. The final dataset 
consisted of 1519 positions. Cluster alignment analysis 

species, which showed 98-100% similarity to 8 different 
LAB species based on the updated taxonomy (Zheng 
et al. 2020). The identification results of LAB strains iso-
lated from samples B, E, M, S, and V and the accession 
numbers submitted to GenBank are shown in Table  1. 
While many studies exist on bee pollen and the gut 
microbiota of bees, the bacterial diversity and charac-
terization of bee bread samples have rarely been inves-
tigated. Supporting our LAB isolation findings, some 
isolation and characterization studies with methods 
such as RAPD and PCR-DGGE showed that LAB spe-
cies such as Apilactobacillus kunkeei, Lactiplantibacillus 
plantarum, Fructobacillus fructosus, Levilactobacillus 
brevis, Lactobacillus musae, Lactobacillus crusto-
rum, Lactobacillus mindensis and Lactobacillus del-
brueckii were present in bee bread (Iorizzo et  al. 2020; 
Mohammad et  al. 2021; Bakour et  al. 2022). It was 
reported that bee pollen contains Lactiplantibacillus 
plantarum, Limosilactobacillus fermentum, Lactococcus 
lactis, Lactobacillus ingluviei, Pediococcus pentosaceus, 
Lactobacillus acidipiscis, Weissella cibaria and Weissella 
confusaspecies (Belhadj et al. 2014; Di Cagno et al. 2019).  
It It is thought that Leuconostoc mesenteroides and 
Enterococcus faecium species are transferred to bee bread 
and pollen from the digestive system of worker bees 
(Belhadj et al. 2014).

According to the identification results, A. kunkeei, L. 
mesenteroides, and E. faecium species LAB were present 

(A)

(B)

Figure 1.  (GTG)5-PCR fingerprinting profiles of 200 LAB isolates obtained from five different BB/BP mix samples, clustered 
into 37 distinct band patterns based on DNA similarity (A), 16S rRNA bands of 37 strains amplified by PCR (B).
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Figure 2.  A dendrogram showing the multiple sequence alignment of 16S rRNA gene sequences of LAB strains was con-
structed using the neighbor-joining method in MEGA X software. The phylogenetic tree demonstrates the formation of seven 
distinct clusters, reflecting genetic similarity among the isolates.

resulted in 7 distinct groups. The phylogenetic tree, based 
on 16S rRNA gene sequences, revealed distinct cluster-
ing patterns among the LAB strains isolated from bee 
products. Isolates belonging to the same species formed 
tight, species-specific clades, such as Apilactobacillus 
kunkeei, Lactiplantibacillus plantarum, Lactococcus lac-
tis, and Enterococcus faecium. Strains of Weissella cibaria, 
Weissella confusa, and Leuconostoc mesenteroides also 

clustered closely within their respective groups. This clus-
tering pattern indicates a high level of genetic similarity 
within each species and highlights the diversity of LAB 
present in the bee bread and pollen samples. The phyloge-
netic relationships also suggest that certain species, such 
as Apilactobacillus kunkeei, were more frequently isolated 
compared to others, reflecting their ecological dominance 
in fructose-rich environments like bee products.
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It was determined that climate differences and geo-
graphical locations had a significant contribution to the 
microbiota diversity in bee bread and bee pollen, while 
they had no effect on the phylogenetic differences of the 
same LAB species. Li et al. (2024), in their study to reveal 
the patterns of changes in the microbial community and 
nutritional components in bee bread according to sea-
sons, stated that the bacterial and fungal compositions in 
bee bread underwent significant seasonal changes.

Since the strains used in the continuation of our study 
were planned to be potential probiotic LAB suitable for 
human consumption, the strains coded B3, B8, E4, M4, 
S5, S7, and V5, defined as L. mesenteroides, and B5, 
B6, E7, M7, S1, and V6, defined as E. faecium, were not 
analyzed.

Salt tolerance 

In addition to bile salts, there is also a high level of salt 
(NaCl) in the gastrointestinal tract (GIT). Salt tolerance 
in LAB is an important factor for food applications. High 
salt concentration affects enzyme activity, water activ-
ity, and physiology in LAB cells due to osmotic pressure. 
Therefore, the high salt tolerance level of LAB is very 
important for commercial purposes (Adnan and Tan, 
2007; Goh et al. 2021). 

All 24 strains isolated in this study were observed to 
have the ability to tolerate salt concentrations up to 6% 
(Table 2). As the salt concentration increased, there was 
a decrease in the growth ability of all isolated strains. At 
an 8% salt concentration, none of the A. kunkeei, Lim. fer-
mentum, and W. cibaria strains showed growth, while all 
isolated strains of Lpb. plantarum and L. lactis M3, M5, 
and W. confusa S6 strains showed growth. All isolates 
were unable to survive at a 10% salt concentration.

Our findings are consistent with the study conducted by 
Goh et al. (2021), who reported that various LAB isolated 
from stinging bees could grow at 4-6% salt concentra-
tion. In their study, Ertekin and Çon (2014) found that L. 
lactis subsp. lactis isolated from cheese showed growth 
at a 6.5% NaCl concentration but could not grow at 8-9% 
NaCl concentrations. When the salt tolerance abilities of 
the L. lactis strain isolated from the cheese sample and 
the L. lactis B4 and V3 strains isolated from the BB/BP 
mix samples were compared, they were similar. In previ-
ous studies, it was determined that Lpb. plantarum (for-
merly L. plantarum) could show resistance in combined 
applications with different temperature parameters at salt 
concentrations up to 6%. Additionally, the findings that 
Lpb. plantarum grew weakly at an 8% salt concentration 
also support our study (Ferrando et al., 2015; Dalcanton 
et al., 2018). 

Temperature sensitivity 

The ability of LAB isolates to tolerate different tem-
peratures is an important factor for their survival in the 
human GIT or in industrial food production processes 
(Goh et al., 2021). The growth abilities of 24 strains at 5 
different temperatures are given in Table 2. 

All LAB strains isolated from BB/BP mix samples were 
unable to grow at very low temperatures (4°C) and very 
high temperatures (80°C), indicating that the strains were 
not psychrophilic or thermophilic. Considering that the 
origin of the LAB in our study was bee bread and bee 
pollen harvested in the summer, it can be inferred from 
the analysis results that the optimum temperatures for 
the development of these strains are 30-37°C. Among all 
isolates, only A. kunkeei strains exhibited weak growth at 
45°C, while the strains A. kunkeei B1, E1, E2, M1, S3, and 
V1 showed weak growth at 25°C.

In the LAB isolation study conducted on honeybees in 
Türkiye, it was observed that all strains could grow at 
37°C. A. kunkeei strains from the same study showed 
weak growth at 18°C and 45°C (Suyabatmaz et al., 2023). 
In a study aimed at isolating potential probiotic LAB, 
Reuben et  al. (2019) reported that LAB isolates could 
survive in the range of 25°C to 40°C and could not grow 
under extreme temperatures.

Low pH tolerance

The tolerance levels of LAB in stomach-like acidic and 
bile salt-rich environments are an important feature for 
them to exhibit their beneficial effects as probiotics in 
the intestine. This allows LAB to survive and colonize 
the GIT (Nueno-Palop and Narbad, 2011; Goh et  al., 
2021). In this regard, when the same species of strains 
isolated from BB/BP mix samples from different prov-
inces in our study were evaluated in terms of acid tol-
erance, they showed significantly different results (p < 
0.05). Among all strains, Lpb. plantarum V4, Lpb. plan-
tarum E5, W. confusa S6, Lim. fermentum E3, Lpb. plan-
tarum B7, and L. lactis M5 strains exhibited the best 
tolerance to low pH conditions, with inhibition rates of 
5%, 9%, 10%, 14%, 16%, and 27%, respectively (p < 0.05) 
(Figure 3A). 

According to the study reporting that the survival rate 
of Lpb. plantarum strains isolated from Kargı Tulum 
cheeses was 50-60% after a 4-hour intervention at pH 3, 
it was determined that the Lpb. plantarum (formerly 
L. plantarum) strains in our study were more resistant 
to low pH conditions, with a survival rate of 69-95% 
(Elçioğlu and Kunduhoğlu, 2014). Since different LAB 
strains may show different low pH tolerance rates, these 
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(A)

(B)

(C)

Figure 3.  % values of LAB strains under low pH inhibition (A), bile salts inhibition (B), autoaggregation activity (C). Lowercase 
letters represent the statistical difference between the same type of strains isolated from different province samples.
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Taşdelen E and Arslan S

is similar to the survival rates of the A. kunkeei S3, M1, 
and B1 strains we isolated. The A. kunkeei V2 strain was 
found to be consistent with the results of İspirli and 
Dertli (2021), who isolated L. kunkeei (currently classi-
fied as Apilactobacillus kunkeei) strains from bee bread 
and pollen, showing high levels of inhibition (approxi-
mately 80%) against bile salt. The strains that showed the 
highest bile salt tolerance in BB/BP mix samples were W. 
confusa S6, W. cibaria M6, L. lactis M5, Lim. fermentum 
E3, and Lpb. plantarum V4, with inhibition rates of 25%, 
26%, 30%, and 31%, respectively (p < 0.05). When the bile 
salt tolerance abilities of W. confusa were examined on 
a species basis, regardless of the origin of isolation, the 
existence of strains with higher tolerance compared to 
our findings was shown in a previous report (Dey et al., 
2019).

Autoaggregation assay 

Autoaggregation is a probiotic trait in which bacte-
ria clump together and maintain their form. This abil-
ity confers stability to microbial strains in the GIT, 
reducing exposure to challenging intestinal conditions. 
Autoaggregation activity is a type of interaction that pro-
vides information about the ability of probiotic bacteria 
to colonize intestinal epithelial cells (Duary et al., 2011; 
Sakandar et  al., 2019). As can be seen in Figure 3C, it 
was determined that the isolation of the same species of 
strains from different provinces had no effect on auto-
aggregation activity (p > 0.05), except for the A. kunkeei 
species (p < 0.05). Among all LAB strains isolated from 
BB/BP mix samples, A. kunkeei E6 showed the highest 
autoaggregation with 100% activity (p < 0.05). It was fol-
lowed by other A. kunkeei strains with autoaggregation 
abilities ranging from 76-92%.

Our findings showed higher autoaggregation values 
than those reported for A. kunkeei (formerly L. kunkeei) 
strains associated with bees and bee products in previ-
ous studies (Sakandar et  al., 2019; Iorizzo et  al., 2020). 
The closest autoaggregation activity value to our find-
ings for this species was reported in the LAB isolation 
study from honey, with a rate of 83% (Ebrahimi et  al., 
2020). In our study, Lim. fermentum and Lpb. plantarum 
strains showed high similarity to each other, with auto-
aggregation values ranging from 60% to 75% (p > 0.05). 
L. lactis strains had the lowest activity among all iso-
lates, with an average of 43%, and Weissella strains had 
an average of 50% (p < 0.05). However, it has been stated 
that a potential probiotic strain should have more than 
40% autoaggregation in order to strengthen the defense 
mechanism in the host’s intestine (Suwannaphan, 2021). 
Thus, all LAB strains in our study were proven to have 
the potential to adhere to the GIT by their autoaggrega-
tion activities.

findings are consistent with the average 75% survival rate 
of Lpb. plantarum (formerly L. plantarum) in previous 
reports (Verón et al., 2017; Sakandar et al., 2019; İspirli 
and Dertli, 2021). It was observed that the inhibition 
rates of A. kunkeei and L. kunkeei (currently classified 
as Apilactobacillus kunkeei) species, which constitute 
most of the microbiota in all BB/BP mix samples, at pH 
3 were 60-80% (p < 0.05) (Figure 3A). The results of our 
study were found to be compatible with those reported 
by İspirli and Dertli (2021), in which A. kunkeei strains 
isolated from bee bread and bee pollen showed high 
levels of inhibition. Among all A. kunkeei, Lim. fermen-
tum strains isolated from different provinces, the strains 
obtained from Erzurum samples stood out with the best 
acid tolerance (p < 0.05). 

The pH value of an empty stomach is 2.0, but during the 
digestive process, it can rise to approximately 3.0 depend-
ing on the type and amount of food. Digestion lasts 5-6 h 
in the small intestine (pH 6.6) and 12-24 h in the large 
intestine (pH 7.0). Although the pH of the human stom-
ach can be higher than 3 depending on nutrition, testing 
the resistance of our isolates to pH 3 ensures their possi-
bility of survival in the GIT (Elçioğlu and Kunduhoğlu, 
2014; Suyabatmaz et al., 2023). In light of the results of 
all studies, including our study, when the ability of our 
strains from BB/BP mix samples to survive at low pH is 
examined, it is highly probable that they can colonize 
the GIT.

Bile salts tolerance 

Intestinal bile salts are known to inhibit bacterial 
growth by disrupting cellular membranes. LAB that can 
survive bile salts are able to utilize these salts in their 
metabolic activities to grow and colonize the GIT in a 
manner beneficial to the host (Franz et al., 2001). In this 
study, when the same species of strains isolated from 
different provincial samples were evaluated in terms of 
bile tolerance, all strains showed significantly different 
results (p < 0.05), except for Lpb. plantarum (p > 0.05). 
Although A. kunkeei E1, E2, B2, E6, and S2 strains had 
low survival at pH 3, no viable counts were observed 
in the agar media after exposure to 0.3% bile salts for 4 
hours (Figure 3B). However, A. kunkeei strains isolated 
from Van and Muğla samples were able to tolerate bile 
salt (p < 0.05). 

Suyabatmaz et al. (2023) reported that LAB isolated from 
honeybees and their larvae could survive after bile salt 
digestion, while two strains related to A. kunkeei were 
completely inhibited. The survival rate after 2 h of expo-
sure to bile salt was reported to be approximately 15% 
for an A. kunkeei strain isolated from natural and local 
Bangladeshi honey (Ferdouse et  al., 2023). This result 
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Table 3.  Antimicrobial activity of LAB strains against different pathogenic bacteria, expressed as inhibition zone diameters (mm).

Strain Antimicrobial Activitiy

B. cereus L. monocytogenes Staph. aureus E. coli

Apilactobacillus kunkeei B1 21.23±0.4ad 12.1±0.5bf 17.33±1.3af 25.18±1.1ab

Apilactobacillus kunkeei B2 22.4±1.7ad 12.78±1.9bf 12.94±1.5ai 21.51±1.1ad

Apilactobacillus kunkeei E1 21.14±1.8ad 14.56±1.3ac 11.24±0.8ci 22.73±0.8ac

Apilactobacillus kunkeei E2 22.10±1.2ad 11.79±1.6bf 15.82±0.5ag 26.54±0.7ab

Apilactobacillus kunkeei E6 21.19±1.3ad 15.2±1.2ab 14.44±0.8ah 18.98±0.9bf

Apilactobacillus kunkeei M1 19.62±0.4ae 10.3±0.9bf 10.53±1.7ei 27.02±2.1a

Apilactobacillus kunkeei S2 17.97±0.7cg 12.55±1.5bf 11.92±0.8bi 22.2±0.2ac

Apilactobacillus kunkeei S3 20.8±0.9ad 13.98±1.4ad 10.08±1.9fi 24.17±1.3ab

Apilactobacillus kunkeei V1 17.17±1.5dh 10.9±0.6bf 10.75±1.7di 20.91±1.4ad

Apilactobacillus kunkeei V2 19.19±2.1bf 11.39±0.5bf 10.9±1.3ci 19.72±0.7ae

Lactiplantibacillus plantarum B7 26.11±0.5ab 10.15±0.5bf 18.26±0.9ad 24.6±0.9ab

Lactiplantibacillus plantarum E5 26.58±0.8a 10.31±1.1bf 18.53±1.2ac 24.2±2.2ab

Lactiplantibacillus plantarum S4 25.61±1.2ab 12.67±1.6bf 17.74±1.8af 23.14±1.1ab

Lactiplantibacillus plantarum V4 24.88±1.8ac 14.98±0.9ab 19.3±2.1ab 24.32±2.3ab

Lactiplantibacillus plantarum V7 24.94±0,8ac 13.2±2.0ae 17.79±1.4ae 24.51±1.8ab

Lactococus lactis B4 10.48±0.4h 6.01±0.6f 7.83±0.5hi 11.89±0.8ef

Lactococus lactis M3 11.04±1.1gh 6.75±1.2ef 8.14±0.7gi 15.2±1.0cf

Lactococus lactis M5 11.9±0.7gh 6.36±0.4ef 8.59±1.2gi 15.01±1.3cf

Lactococus lactis V3 10.15±1.9h 7.49±0.7df 7.19±0.9hi 13.78±0.7df

Limosilactobacillus fermentum E3 12.43±0.4fh 7.5±0.9cf 6.8±0.5hi 14.16±1.6df

Limosilactobacillus fermentum M2 13.5±0.9eh 6.89±0.5ef 6.09±0.1i 11.75±1.1f

Weissella cibaria M6 26.17±1.5ab 19.92±1.4a 16.98±1.4af 22.24±2.0ac

Weissella cibaria V8 24.33±1.7ac 15.84±0.7ab 17.52±1.9af 20.19±0.5ad

Weissella confusa S6 25.66±0.7ab 20.19±1.6a 19.78±2.0a 24.89±1.3ab

Lowercase letters in the same column indicate statistically significant differences among LAB strains against each pathogen (p<0.05).

Antimicrobial activity

In our study, all LAB isolated from bee bread and pollen 
samples showed antimicrobial activity against foodborne 
pathogens B. cereus, L. monocytogenes, Staph. aureus, 
and E. coli (Table 3). However, while the degree of antag-
onism varies from strain to strain (p < 0.05), it is similar 
in isolates of the same species from different cities (p > 
0.05). The highest antibacterial activity was detected 
against B. cereus and E. coli. Among all strains, the low-
est microbial activity against pathogens was observed in 
Lactococcus lactis and Limosilactobacillus fermentum 
strains (p < 0.05). In a study conducted with concentrated 
CFS obtained from LAB, it was stated that the strongest 
antimicrobial effect against food pathogens belonged to 
Lpb. plantarum, L. sakei, and L. curvatus strains (Sezen 
et  al., 2024). These results support the antimicrobial 
activity values obtained for the Lpb. plantarum strain in 
our study. Suyabatmaz et al. (2023), similar to our study, 
reported that the highest antimicrobial activity of LAB 

supernatants isolated from honey bees developed against 
E. coli ATCC 25922 and B. cereus ATCC 43288 patho-
gens. The antagonistic effect of the SYM1-coded A. kun-
keei strain they isolated in their study against E. coli, L. 
monocytogenes, and Staph. aureus pathogens was found 
to be similar to that isolated from bee bread and pollen 
in our study.

LAB exhibit significant antimicrobial effects against var-
ious pathogens. These bacteria produce antimicrobial 
compounds such as hydrogen peroxide, carbon dioxide, 
diacetyl, and bacteriocins, which can inhibit food spoil-
age and the growth of pathogenic bacteria (Şanlıbaba and 
Güçer, 2015). CFS obtained from LAB, especially concen-
trated forms, show enhanced antimicrobial activity due to 
increased organic acid content (Sezen et al., 2024). LAB, 
including cell components and metabolites such as pep-
tidoglycans, surface proteins, and bacteriocins, exhibit 
various beneficial effects on the host, such as immuno-
modulation and antimicrobial activity (Teame et al., 2020). 
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Lpb. plantarum V7, W. cibaria M6, and W. confusa S6 
were found to be susceptible to chloramphenicol, eryth-
romycin, tetracycline, penicillin, oxytetracycline, and 
ampicillin (p < 0.05). Previous studies also reported 
that LAB had low levels of resistance to these antibiot-
ics (Arıcı et al., 2004; Li et al., 2019). In addition, it was 
observed that the resistance of Lpb. plantarum B7, Lpb. 
plantarum V7, W. cibaria M6, and W. confusa S6 strains 
to antibiotics to which they were not susceptible was at 
the intermediate level (O, 16-21 mm) as determined by 
the Clinical and Laboratory Standards Institute (CLSI). 
This situation does not constitute a disadvantage in terms 
of the probiotic properties of these strains.

Conclusion

In this study, a total of 37 LAB isolates representing 8 
different species were identified from bee bread and 

Antibiotic susceptibility 

Antibiotic resistance among beneficial microbial spe-
cies and the genetic transfer of this resistance to other 
bacteria, especially pathogenic bacteria, is an important 
health problem (Li et al., 2019). For this reason, antibi-
otic resistance of functional and probiotic LAB strains 
must be tested for safety. The antibiotic resistance of the 
strains isolated in our study is given in Table 4. It was 
determined that the resistance of the tested LAB isolates 
to antibiotics differed according to the provincial samples 
from which they were obtained (p < 0.05). All isolates 
were found to be resistant to kanamycin and streptomy-
cin (p < 0.05). 

Studies by Arıcı et al. (2004) and Ebrahimi et al. (2020) 
also reported that resistance to kanamycin and strepto-
mycin antibiotics was high in different LAB species. On 
the other hand, all strains except Lpb. plantarum B7,  

Table 4.  Antibiotic sensitivity properties of LAB strains as inhibition zone diameters (mm).

Antibiotic Susceptibility

A E K C T P S TE

Apilactobacillus kunkeei B1 25±0.6f 30±0.9fg 0c 30±0.3d 31±0.1bc 54±0.5a 0c 21±0.7e

Apilactobacillus kunkeei B2 30±0.9e 32±0.6f 9±0.4a 33±0.3d 22±0.8d 45±0.7d 9±0.7ab 22±0.3de

Apilactobacillus kunkeei E1 38±0.5c 36±0.2de 8±0.3ab 37±0.8c 29±0.5bc 48±0.8c 11±0.9a 23±0.7de

Apilactobacillus kunkeei E2 42±0.7b 37±0.5cd 0c 37±0.8c 29±0.7bc 43±0.4de 0c 27±0.2c

Apilactobacillus kunkeei E6 27±0.8f 33±0.5ef 0c 33±0.9d 28±0.8c 50±0.3bc 0c 22±0.7de

Apilactobacillus kunkeei M1 41±0.3b 43±0.6b 7±0.8b 32±0.3d 32±0.9ab 54±0.1a 10±0.2a 33±0.5b

Apilactobacillus kunkeei S2 33±0.1d 28±0.1g 0c 39±0.5abc 23±0.8d 44±0.1d 0c 25±0.6cd

Apilactobacillus kunkeei S3 38±0.1c 47±0.9a 0c 38±0.3bc 35±0.1a 51±0.2b 7±0.9b 37±0.3a

Apilactobacillus kunkeei V1 49±0.1a 39±0.5cd 0c 41±0.5ab 32±0.9ab 54±0.9a 0c 28±0.3c

Apilactobacillus kunkeei V2 32±0.1bc 40±0.1bc 0c 42±0.8a 29±0.1bc 41±0.5e 0c 21±0.8e

Lactiplantibacillus plantarum B7 19±0.1b 20±0.8b 0a 23±0.5ac 18±0.2b 20±0.7c 0a 18±0.2c

Lactiplantibacillus plantarum E5 25±0.7a 28±0.3a 0a 26±0.6a 23±0.2a 32±0.7ab 0a 19±0.1bc

Lactiplantibacillus plantarum S4 22±0.8ab 22±0.9b 0a 25±0.6ab 21±0.5a 29±0.5b 0a 22±0.4a

Lactiplantibacillus plantarum V4 21±0.2b 22±0.3b 0a 22±0.8bc 22±0.5a 35±0.2a 0a 17±0.8c

Lactiplantibacillus plantarum V7 20±0.5b 27±0.5a 0a 20±0.9c 22±0.5a 31±0.9b 0a 21±0.5ab

Lactococus lactis B4 22±0.9b 30±0.8ab 12±0.1a 29±0.1c 36±0.5c 28±0.2c 0a 35±0.6a

Lactococus lactis M3 27±0.6a 34±0.5a 10±0.5ab 32±0.6b 45±0.3a 32±0.5b 0a 38±0.2a

Lactococus lactis M5 23±0.9ab 31±0.8ab 8±0.9b 32±0.6b 41±0.6b 37±0.9a 0a 38±0.9a

Lactococus lactis V3 21±0.5b 29±0.9b 0c 37±0.1a 39±0.2b 25±0.4c 0a 31±0.4b

Limosilactobacillus fermentum E3 24±0.3b 24±0.2a 0a 27±0.9b 24±0.2b 31±0.2b 10±0.7a 24±0.4a

Limosilactobacillus fermentum M2 29±0.9a 22±0.8a 0a 32±0.1a 36±0.5a 36±0.5a 9±0.3a 22±0.8a

Weissella cibaria M6 20±0.4a 24±0.8a 0a 26±0.2a 20±0.8b 26±0.8a 0a 22±0.9ab

Weissella cibaria V8 20±0.7a 26±0.3a 0a 26±0.8a 22±0.1b 25±0.6a 0a 24±0.1a

Weissella confusa S6 19±0.7a 20±0.7b 0a 22±0.3b 26±0.4a 27±0.9a 0a 19±0.5b

Lowercase letters represent the statistical difference between the same type of  strains isolated from different province samples (p<0.05). Zone 
diameters were interpreted as susceptible (S, >21 mm), intermediate (I, 16–21 mm), or resistant (R, <16 mm), according to the Clinical and 
Laboratory Standards Institute (CLSI) guidelines. Ampicillin (A, 10 μg), chloramphenicol (C, 30 μg), erythromycin (E, 15 μg), kanamycin (K, 30 μg), 
tetracycline hydrochloride (TE, 30 μg), oxytetracycline (T, 30 μg), penicillin (P, 10 μg) and streptomycin (S, 10 μg).
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bee pollen samples collected from different regions of 
Türkiye. These LAB isolates include A. kunkeei, which 
are frequently found in bee bread and bee pollen, and W. 
confusa, which has never been previously identified from 
a similar source. In an effort to understand their tech-
nological value and probiotic roles in food applications, 
the best values among our isolates subjected to pH inhi-
bition, bile salt inhibition, autoaggregation activity, and 
antibiotic susceptibility analyses were obtained from Lpb. 
plantarum, L. lactis, Lim. fermentum, W. cibaria, and W. 
confusa species. The findings obtained from these LAB 
isolates give hope for their future commercial use as 
starter cultures in food applications as well as their use as 
a source of probiotics for humans and animals. However, 
our findings prove that differences in the origin of bee 
bread and bee pollen affect the functionality of the same 
LAB species. In summary, the importance of the origin of 
bee bread and bee pollen has been better understood in 
the research carried out to find the most talented of the 
new generation probiotics. 
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