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Abstract

Background and Objective: Lactic acid bacteria are known for their strong probiotic effects
on the hosts. The probiotic characterization of lactic acid bacteria from Bangladeshi natural
honey is limited. The objectives of this study included isolation and assessment of the
probiotic and safety characteristics of lactic acid bacteria in Bangladeshi honey.

Materials and Methods: Spread and streak plate techniques were used for the bacterial
isolation and purification. Isolates were identified using 16S rRNA gene sequence analysis.
Agar well diffusion and poisoned food methods were used for antibacterial and antifungal
assessments, respectively. Antioxidant activity was carried out based on the microbial free-
radical scavenging ability. Microbial autoaggregation, coaggregation and adhesion were
assessed using cell sedimentation assay. Blood-agar was used in the hemolytic assay.
Antibiotic susceptibility assay was carried out using disc diffusion method.

Results and Conclusion: From a total of 25 strains isolated from honey, ten Gram-positive,
catalase-negative non-spore-forming isolates were selected and used in agar well diffusion
assay. Three of the isolates showed prominent antimicrobial effects with large inhibition zones
against all the pathogenic strains, including Bacillus cereus, Staphylococcus aureus, Vibrio
cholerae, Salmonella typhi and Candida albicans. Extensive characterization of these isolates
was carried out, which revealed their growth and biochemical characteristics and carbohydrate
fermentation abilities. Moreover, 16S rRNA gene sequence analysis suggested that the isolates
belonged to Pediococcus pentosaceus (two strains) and Apilactobacillus kunkeei. Their
tolerance to simulated gastric conditions was assessed in vitro wherein the isolates showed
significant survival in low pH, bile salts and phenol. They showed good adhesion ability to
ethyl acetate, chloroform and xylene as well as high autoaggregation and coaggregation
characteristics. Moreover, free-radical scavenging activity of the isolates suggested the
presence of considerable antioxidant effects. In safety assessment, the isolates did not show
hemolytic activities and were resistant to several antibiotics. Therefore, these results indicate
that honey can be an important source of beneficial lactic acid bacteria species providing
several probiotic advantages.
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1. Introduction

Probiotics represent live microorganisms, which
confer one or more health benefits to their hosts when
administered in adequate quantities [1,2]. The most
important group of probiotic microbes are lactic acid
bacteria (LAB), which are known for their significant ability
of producing beneficial cellular metabolites in the
gastrointestinal tract (GIT) of their host thereby improving
the host’s health status [3,4]. The LAB are ubiquitous in
nature and isolated from a wide range of habitats, including
fermented and non-fermented food products [1,5,6],
vegetables [7], fruits and honey [8-10]. The extent of their
probiotic activities can be divided into nutritional,
physiological, immunomodulatory and antimicrobial effects
[11]. Naturally, LAB produce various beneficial metabolites
such as organic acids, antioxidants and antimicrobial
peptides [12,13] that contribute to improved gut microbial
balance [14], better digestion [15], alleviation of
constipation symptoms [16] and strengthening of the
mucosal barrier [17]. Probiotic LAB isolates may possess
anticancer, anti-allergic or antidiabetic effects as well
[18,19]. One of their most prominent health benefits is their
ability to inhibit pathogenic and spoilage microorganisms
by a variety of mechanisms including adherence to
epithelial cells, secretion of antimicrobial compounds and
modulation of the immune system [1,20]. This justifies their
use in biopreservation of foods, therapeutics and starter
culture under controlled conditions. Therefore, bacteria of
the LAB group have been recognized within the best
probiotic candidates. Indeed, a few organisms of this group
are already used as feed additives or alternative to
antibiotics [1,3]. Their isolation and characterization from
indigenous natural sources or traditional foods such as fruits
and vegetables have attracted increasing research interests
in recent years [21].

In addition to having beneficial health effects, a
probiotic candidate must also possess characteristics of
intestinal competence such as ability to survive and colonize
in various gut conditions [14]. For example, the candidate
probiotic should be able to resist bile salts and low pH, and
adhere to epithelial cells [22,23]. Hence, bacteria that have
been shown to possess health promoting activities must be
assessed for the above probiotic competence prior to their
use in foods or medicines. The present study was carried out
to isolate novel LAB species from the locally available
natural honey and assess the isolates’ probiotic charac-
teristics. Honey itself is known to include several health
benefits and has been used as a traditional medicine. It
contains a wide variety of beneficial molecules including
vitamins such as riboflavin, niacin, pantothenic acid and
ascorbic acid; minerals such as copper, calcium, manganese,
magnesium, iron, potassium, phosphorus and zinc; and
natural products such as carotenoids, flavonoids and

phenolic compounds which can provide the consumers with
several health promoting effects such as antimicrobial,
antidiabetic, antioxidant, and anti-inflammatory effects
[24]. Moreover, recent studies have suggested that honey
contains beneficial bacteria with various probiotic effects
[8,25,26]. These bacteria have been reported to produce
compounds with effective antibacterial and antioxidant
activities [8,10,27]. However, information on the isolation
of LAB and their possible roles as probiotics in the
Bangladeshi natural honey is limited. Despite being a
promising source, LAB in the local Bangladeshi honey and
their beneficial or safety issues have remained largely
unknown. Therefore, this study was carried out to assess
probiotic potentials of the LAB strains isolated from natural
honey collected locally in the Chattogram City, Bangladesh.
Extensive morphological, biochemical and taxonomic
characterizations of the strains were carried out. Moreover,
antimicrobial activity of the selected isolates against
bacterial and fungal pathogens, their antioxidant capacity,
autoaggregation and coaggregation characteristics, cell
surface hydrophobicity and safety assessment with respect
to hemolytic activity and antibiotic resistance were
assessed.

2. Materials and Methods

2.1. Isolation of honey associated bacteria

Ripe honey is often collected with the honey combs
by local honey collectors and immediately sold locally near
the Chittagong University Campus without further
processing. Five different samples of ripe honey were
locally collected under hygienic conditions and transported
to the laboratory using cold box. One ml of the honey
sample was enriched in de Man, Rogosa and Sharpe (MRS)
broth at 37 °C for 24 h. Then, 10 to 10 serial dilutions of
the enriched culture were prepared using phosphate buffer
saline (PBS) and 100 ul from each dilution was transferred
onto MRS agar media and incubated aerobically at 37 °C for
24 h. Morphologically discrete colonies were further
subcultured onto MRS agar plates and stored as slant
cultures at 4 °C or as glycerol stocks at -20 °C [28,29].

2.2. Culture conditions

All isolates were routinely maintained on MRS
media at 37 °C. Cultures were revived from the slants or
glycerol stocks and incubated overnight. Activated
overnight cultures were transferred into fresh MRS media
using 1% (v v'*) inoculum, cultured until the optical density
(OD) reached ~1.5 at 600 nm and used for further analyses.
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2.3. Assessment of the cultural and biochemical
characteristics

Primary characterization of the isolated LAB strains
was based on their morphological, cultural and biochemical
characteristics as previously described [7,30]. Morpho-
logical and biochemical analyses included Gram staining,
and catalase, oxidase, casein hydrolysis, indole, deep
glucose agar, nitrate reduction, citrate utilization, gelatin
liquefaction, methyl-red (MR), Voges Proskauer (VP),
starch hydrolysis and carbohydrate fermentation tests.
Growth of the isolates at various temperatures and NaCl
concentrations was assessed as well [3].

2.4. Assessment of antimicrobial activity

Antimicrobial activity of the isolates was assessed
using agar well diffusion method [31]. Each test strain (100
pl, adjusted to 0.5 McFarland turbidity standard) was mixed
with soft agar and overlaid on Muller-Hinton agar (MHA).
Then, wells were created in the media using sterile gel
cutter. One drop of the melted agar was transferred into each
well and allowed to solidify. Supernatant of the LAB
cultures (~1.5 ODsoo) Was collected using centrifugation at
8000 rpm for 10 min at 4°C. Then, 100 pl of the culture
filtrate was poured into each well and incubated at 4 °C for
2-3 h. Following further incubation at 37 °C for 24 h,
diameter of the clear zones was measured and recorded (n =
3).

2.5. Test strains

Pathogens used for the assessment of antimicrobial
assay included Bacillus cereus ATCC 14574, Staphylo-
coccus aureus ATCC 6538, Vibrio cholerae ATCC 14035,
Salmonella typhi ATCC 14028 and Candida albicans
ATCC 10231. In coaggregation assay, Escherichia coli
ATCC 8739 was used.

2.6. Polymerase chain reaction and sequencing of 16S
rRNA gene

For the amplification of 16S rRNA gene, genomic
DNA was extracted as previously described in [32] and
polymerase chain reaction (PCR) was carried out using the
universal 16S rRNA gene-specific primers 27F (5'-
AGAGTTTGATCMTGGCTCAG-3") and 1492R (5'-
CGGTTACCTTGTTACGACTT-3") [33]. The PCR
products were then purified using Wizard SV Gel and PCR
Clean-Up System (Promega, USA) based on the
manufacturer’s protocols. Purified PCR products were
sequenced using Applied Biosystems Big Dye Terminators
v3.1 (Thermo Fisher Scientific, USA). Sequences were
submitted to National Center for Biotechnology Information
(NCBI) GenBank Database under the following accession
numbers: ON831368 to ON831370.

2.7. Sequence analysis

Sequence similarity was carried out using NCBI
BLAST optimized for ‘Highly similar sequences’
(MEGABLAST) [34,35]. Taxonomic assignment was based
on the number of hits and maximum score [36].

2.8. Acid, bile salt and phenol tolerance assays

Ability of the LAB isolates to tolerate acid, bile salt
and phenol was assessed as previously described by Li et al.
[3] with some modifications. To assess acid tolerance, pH
of the MRS broth was adjusted to 2.0 or 6.5 with 1 M HCI.
Briefly, 100 pl of the overnight culture of each LAB was
added to 10 ml of the media followed by incubation at 37
°C for 120 and 240 min. Growth was estimated by
measuring OD of the culture at 600 nm. For the assessment
of bile salt tolerance, MRS broth added with 0 or 0.5% of
bile salt was inoculated with 1% culture of each isolate,
incubated for 120 min and 240 min at 37 °C and measured
at ODeog NM. To assess phenol tolerance, 1% overnight
culture of the LAB isolates was inoculated into MRS broth
supplemented with 0, 0.4, 0.5 or 0.6% (v v') phenol and
growth was estimated by reading absorbance at 600 nm after
24 h of incubation at 37°C [37]. Each experiment was
repeated twice in triplicate and the growth rate was
calculated using the Eq. 1:

Percent (%) of growth = Growthintestmedia_, ) Eq. 1

Growth in control media

2.9. Autoaggregation assay

Autoaggregation assay was carried out using a
method described by Zommiti et al. [38] with some
modifications. Briefly, each isolate was cultured in MRS
broth at 37°C for 18 h and cells were harvested by
centrifugation at 8,000 rpm for 10 min at 4 °C. Cells were
washed three times with sterile phosphate buffered saline
(PBS) and suspended in 2 ml of PBS to an ODggo adjusted to
0.25 £0.05. The cell suspension was incubated at 37°C and
ODgoo was measured at 0, 2, 6, 12 and 24 h. The
autoaggregation rate was calculated using the Eq. 2:

S0 100 Eq. 2

Autoaggregation (%) = =

Where, Ax refers to ODeggo at time (t) = 0 and Ay refers to
ODswo att=2, 4, 6, 12 or 24 h. All experiments were carried
out in triplicates.

2.10. Coaggregation assay

Coaggregation assay was carried out using slightly
modified protocol described by Prabhurajeshwar et al. [39].
The LAB isolates and the indicator test organism
Escherichia (E.) coli were cultured separately at 37 °C for
24 hin MRS and LB media, respectively. Equal volumes of
each LAB culture and E. coli were mixed (1:1 v v'!) and
incubated at 37 °C wunder static culture conditions.
Absorbance of the mixed culture was measured at 0, 2, 6, 12
and 24 h and coaggregation (%) was calculated by Eq. 3:
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) _ [(Apro + Apat) - Amix] %
Apro + Apat

Coaggregation (% 100 Eq. 3

Where, Apro and Aypa refer to the absorbance of the mixed
culture at 0 h and Anmix refers to the absorbance at other time
points. A triplicate analysis was carried out for each sample.

2.11. Assessment of cell surface hydrophobicity

Assessment of the cell surface hydrophobicity of the
isolates was based on their adhesion to various
hydrocarbons according to the method described by Rokana
etal. [40]. Each isolate was cultured overnight in MRS broth
and cells were harvested by centrifugation at 8,000 rpm for
10 min at 4 °C, washed twice with sterile PBS buffer and
resuspended in PBS. Cell density was measured at 600 nm
(Ao). Then, 3 ml of the cell suspension was mixed with 1 ml
of ethyl acetate, chloroform or xylene and incubated at 37°C
for 1 h under static conditions to allow separation of the
aqueous phase from the organic phase. 1 ml from the upper
aqueous phase was removed and absorbance (A1) was
measured at 600 nm. Hydrophobicity (%) was estimated
using the Eq. 4:

% cell surface hydrophobicity (%) = (1 - %) 100 Eq. 4

2.12. Assessment of antifungal activity

Isolates were screened for the presence of antifungal
activity using poisoned food technique [41]. Briefly, C.
albicans was used as the test fungus cultured on potato
dextrose agar at 25°C for 5-6 d. Then, 0.5 ml of the filtered
cell-free supernatants of the LAB isolates was transferred to
a sterile Petri dish. Sterile nutrient agar was added to the
dish, mixed well and set to solidify. Then, a 5-mm well was
created at the center of the plate, placed with 5-mm fungal
block and incubated at 25°C. Nutrient agar plate without
culture extract was used in the control experiment. Diameter
(mm) of the fungal radial growth was measured after 5 d of
incubation and proportion of inhibition was estimated using
the Eq. 5:

Inhibition of mycelial growth (%) = % x 100 Eqg.5

Where, C was diameter of the fungal colony in the control
and T was diameter of the fungal colony in the treatment.

2.13. Antioxidant assay

Antioxidant activity was assessed using 1,1-
diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging
assay as described by Yin J-Y et al. [42] with some
modifications. Overnight LAB culture was inoculated to 10
ml MRS broth and incubated at 37 °C for 24-48 h. Incubated
broth was centrifuged at 8000 rpm for 10 min at 4°C.
Supernatant was collected and stored as 1 ml aliquot at
20°C. Furthermore, 1.0 ml of the supernatant was added to
1.0 ml of ethanolic DPPH radical solution, mixed well and
stored at room temperature for 30 min in dark. The ethanolic
DPPH with distilled water (1:1) was used as control and
ethanol with supernatant (1:1) was used as blank. After
incubation, discoloration of the solution was spectrophoto-

metrically measured at 517 nm in triplicate. Ascorbic acid
was used as positive control. The radical scavenging activity
was calculated using the Eq. 6:

Scavenging ability (%) = |1 - (A sample - A blank/ A control )] X 100

Eq. 6
Where, Asample, Ablank and Acontrol represented absorbance of
the sample, blank and control, respectively.

2.14. Hemolytic activity analysis

Analysis of the hemolytic activity was carried out
using a method described by Yadav et al. [43]. Each isolate
was streaked onto blood agar plates (Oxoid, Germany)
supplemented with 5% (w v1) sheep blood. After incubation
at 37°C for 48 h, microbial hemolytic activity was assessed
based on the formation of clear zones. Staphylococcus
aureus ATCC 6538 was used as positive control [44].

2.15. Assessment of antibiotic susceptibility

Kirby-Bauer disc diffusion method was used for the
antibiotic  susceptibility assay of the isolates [45].
Antibiotics (Oxoid, UK) used in the assay include (pg/disc)
amoxycillin 30, clindamycin 2, azithromycin 30, cipro-
floxacin 5, tetracycline 30, ofloxacin 5, erythromycin 15,
chloramphenicol 30, doxycycline hydrochloride 30,
ampicillin 20, penicillin 10 and gentamycin 10. Overnight
culture of each isolate was spread on MRS agar plates and
set to dry. Discs containing the antibiotics were transferred
onto the inoculated agar and incubated at 37 °C for 24 h.
Diameter of the inhibition zones was measured and the
results were interpreted as resistant (R), moderately
sensitive (M) or sensible (S) based on the guidelines by
Clinical and Laboratory Standards Institute (CLSI, 2014)
[46]. Each experiment was carried out in triplicate.

2.16. Statistical Analysis

All quantitative analyses were carried out in
triplicate and data were presented as mean £SD (standard
deviation). Groups were compared and analyzed using
GraphPad Prism Software v.9.0 and one-way ANOVA with
Tukey’s. Statistical significance was reported at p <0.05.

3. Results

3.1. Isolation, selection and characterization of the honey
associated bacteria

A total of 25 bacterial isolates were initially
collected from various honey samples and subjected to
preliminary biochemical analysis. Of these isolates, ten
catalase-negative, oxidase-negative, Gram-positive non-
spore-forming isolates were selected and assessed for
antimicrobial activity against Gram-positive and Gram-
negative test strains using agar diffusion method (Table 1).
Three of the isolates (H5, H4 and H2) that showed
antagonistic activity against all the test strains were selected
for subsequent analysis. A detailed biochemical characteriz-
ation of the three isolates was carried out, which revealed
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that the strains were non-motile facultative anaerobes (Table
2). The H5 and H4 were cocci, whereas H2 was bacillus.
The isolates showed various abilities in sugar fermentation
as all isolates were able to ferment glucose, fructose and
galactose but none of them could ferment mannitol, lactose,
starch and sucrose. Additionally, H5 fermented raffinose,
rhamnose and maltose, H4 fermented xylose, rhamnose and
maltose and H2 fermented xylose and raffinose. The
microbial growth was assessed at various temperatures and
salinity (Table 2). Although the isolates were able to grow
at all salt concentrations from 0 to 7% NaCl; however, a
better growth was mostly observed at 1% NaCl. Moreover,
isolates grew well at 27 and 37 °C. However, while H5 and
H4 could grow at 45 °C, H2 could not survive at this
temperature. A 16S rRNA gene sequence based taxonomic
analysis was further carried out; in which, H5 and H4
showed the highest sequence similarity to Pediococcus
strains and H2 to Apilactobacillus strains; therefore,
indicating their taxonomic affiliations to the respective
genera (Table 2).

3.2. Antibacterial and antifungal activities

Relative antimicrobial activity of the isolates was
assessed against two Gram-positive and two Gram-negative
pathogenic bacteria and the fungal pathogenic strain C.
albicans. All isolates showed strong antibacterial activities
in agar well diffusion assay. The P. pentosaceus strain H5
was the most potent antagonistic strain producing the largest
inhibition zones against all pathogens (Table 3). S. aureus
and S. typhi were the most affected test strains. Significant
inhibition of fungal growth was demonstrated by the
isolates, indicating their wide antagonistic spectrum (Table
3).

3.3. Antioxidant activity

Generally, LAB species can alleviate oxidative
stresses by providing antioxidant effects. Antioxidant

activity of the isolates’ cell-free supernatant was assessed
based on the DPPH free radical scavenging capacity (Table
4). Isolates demonstrated high antioxidant activities with the
two Pediococcus (P.) pentosaceus strains showing
relatively better activities (~61 and 88% in H5 and H4,
respectively) than those Apilactobacillus (A.) kunkeei H2 did
(~60%).

3.4. Acid, bile salt and phenol tolerances

Tolerance to the harsh gastrointestinal environment
such as acid, bile salt and phenol is an important selection
criterion for probiotic candidates. The LAB isolates were
therefore assessed for their viability at low-pH, bile salt and
phenol (Fig. 1). The three isolates showed various degrees
of survival ability at simulated gastric conditions (Fig. 1A).
The A. kunkeei strain H2 exhibited a better survival rate
(~37%) within the first 2 h of exposure to pH 2 and
decreased survival (~15%) upon longer exposure. In
contrast, survival of the two P. pentosaceus strains
increased from 2 to 4 h of exposure to low pH conditions.
The two P. pentosaceus isolates showed strong survival
abilities in the presence of 0.5% bile salt (Fig. 1B).
However, viability decreased with longer exposures.
Assessment of their phenol tolerance showed moderate
survival rates (~19-28%) at 0.4% phenol but lower survival
rates at higher phenol concentrations (Fig. 1C). Generally,
P. pentosaceus isolates seemed slightly more tolerant to the
above conditions than the A. kunkeei isolate.

3.5. Autoaggregation and coaggregation abilities

Autoaggregation and coaggregation abilities are
important for epithelial adhesion of the probiotic microbes
and their pathogen antagonism. In the present study,
autoaggregation and coaggregation with E. coli varied
across the LAB isolates (Table 4).

Table 1. Primary screening of the isolates for antimicrobial activity.

Test strains

Isolates Vibrio Salmonella Bacillus Staphylococcus
cholerae typhi cereus aureus
H5 ++ ++ + ++
H4 ++ + ++ ++
H2 ++ + ++ +
H3 - + - -
H6 - - + -
H10 - - +
H12 + - - -
H15 - - + -
H19 - + - +
H21 - - + -

— = no inhibition; + = inhibition zone < 9.0 mm; ++ = inhibition zone > 9.0 mm
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Table 2. Biochemical characteristics and 16S rRNA gene based taxonomy of the selected isolates

Features

H5

H4

H2

Colony and cell morphology

Colony
characteristics
Gram staining

Cell shape

Cellular arrangement

Circular, medium, smooth, opaque,
raised, whitish, even
Gram +ve

cocci (1.9 um in diameter)
single

Circular, medium, smooth, opaque,
raised, whitish, even
Gram +ve

cocci (1.9 um in diameter)
single

Circular, small, smooth, opaque,
raised, whitish, even

Gram +ve

short rod (2.93-3.38 in length and
1.56-1.95 in width)

single and paired

Biochemical tests”!

Oxidase test
Catalase test

Casein hydrolysis

test
Indole test

Deep glucose agar

test
Nitrate reducti

Facultative anaerobes
ontest -

Citrate utilization test  Turbid
Gelatin liquefaction

test

MR test -

VP test +

Starch hydrolysis test -

Motility test

Fermentation of carbohydrates™

Fructose
Galactose
Glucose
Xylose
Raffinose
Mannitol
Lactose
Rhamnose
Starch
Sucrose
Maltose
Growth at diffi
0

1

3

7

Growth at diff
27

37

45

erent salt concentrations (%)*?
++
+++
++
+
erent temperatures (°C)*
+++
+++
++

16S rRNA gene sequence based taxonomy

Taxonomy
% identity
Accession no.

Pediococcus pentosaceus
99.42%
ON831370

Facultative anaerobes

Turbid

+ + + + '

++
+++
++

+++
+++
++

Pediococcus pentosaceus
99.59%
ON831369

Facultative anaerobes

+
Turbid

+ 4+ + + + '

++
++++

++
+++

Apilactobacillus kunkeei
98.72%
ON831368

#1. = negative, + = positive® - = no growth, + = scanty, ++ = moderate, +++ = good

Table 3. Antimicrobial and antifungal activities of the isolates

Isolates

Inhibition Zone (mm)

Inhibition (%)

Vibrio Salmonella typhi ~ Bacillus cereus  Staphylococcus aureus  Candida albicans
cholerae
Pediococcus pentosaceus H5 12.10+0.052 15.00+0.052 15.00+0.052 15.03+0.062 66.79+0.122
Pediococcus pentosaceus H4 10.03+0.08° 12.03+0.06° 12.00+0.57° 13.00+0.05° 66.67+0.212
Apilactobacillus kunkeei H 12.03+0.062 13.00+0.10° 10.10+0.05° 13.00+0.05° 48.27+0.12°

Values are means of triplicate experiments; + indicates standard error of the mean. Different letters represent significant difference; p<0.05.
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Although all isolates showed significant autoaggreg-
ation and coaggregation abilities, the maximum level of
autoaggregation was demonstrated by A. kunkeei strain at 12
h (26%) and 24 h (49%). In contrast, P. pentosaceus strain
H4 showed the highest coaggregation ability. For all
isolates, however, autoaggregation and coaggregation
increased from 12 to 24 h.

3.6. Cell surface hydrophobicity

Cell surface hydrophobicity is an estimate of cell
adhesion to the hydrocarbons and a high hydrophobicity
usually indicates strong interactions with mucosal cells. Cell
surface hydrophobicity of the isolated LAB was assessed
against three various hydrocarbons, including ethyl acetate,
chloroform and xylene; in which, isolates exhibited
moderate to high adhesion abilities (Table 4).

A i
45 a a o B 60 - a
| % zh
40 Sk - o | m2h
354 @4h @ 4h
g 30 g 40 b 5
o 25 - I b
® © 30 |
X 20 b b = P
[ >
2 154 ° S 20 4 c
B
=
A 10 4 ) —
5 -
0 b T T 1 0 L v v 1
H5 H4 H2 H5 H4 H2
Isolates
Isolates
c 309 @ 0.40%
- 254 b ®0.50%
S c
o 20 A 00.60%
—
£
- 15
=
-
= a
£ 10 4 ab b
7 ab b a
N [
N [ . ,
H5 H4 H2

Isolates

Figure 1. Tolerance of the LAB strains to (A) simulated gastric juice (pH 2); (B) 0.5% bile salt and (C) 0.4-0.6% phenol.
Values are mean of triplicate experiments; + indicates standard error from the mean. The letters indicate significant difference

atp<0.05

Table 4. Autoaggregation, coaggregation, adhesion and antioxidant capacities of the isolates

Isolates Pediococcus pentosaceus H5  Pediococcus pentosaceus H4  Apilactobacillus kunkeei H2
DPPH scavenging (%) 61.14+ 1.04° 88.12+0.462 57.99+0.91°
Autoaggregation (%) Time
12h 11.06+0.40° 20.60+0.26° 25.99+0.442
24h 34.20+0.67° 31.40+0.34b 49.27+0.342
Coaggregation (%) Time
12h 22.41+0.99° 35.36+0.592 18.74+0.79°
24h 40.04+0.61° 51.92+0.992 35.47+0.56°
Hydrophobicity (%) Hydrocarbon
Ethyl acetate  20.95+1.012 14.05+0.55° 20.86+0.652
Chloroform 12.39+0.19° 14.06+1.03° 32.86+0.742
Xylene 35.22+1.06° 45.71+0.802 37.65+0.92b

Values are means of replicate experiments; + indicates standard deviation from the mean. Different letters represent significant difference;

p<0.05.
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Isolates showed maximum hydrophobicity rates to
xylene which were ~35, ~45 and ~37% for H5, H4 and H2,
respectively. Hydrophobicity to ethyl acetate ranged 14-
20%, and to chloroform ranged 12-32%. In general, A.
kunkeei strain showed a better cell surface hydrophobicity
to hydrocarbons followed by the P. pentosaceus H4 strain.

3.7. Safety assessment

Safety assessment of the isolates was based on their
hemolytic activity and antibiotic susceptibility profiles.
None of the isolated strains showed hemolytic activity,

indicating that the isolates could be considered safe. In
antibiotic susceptibility assays against 12 common
antibiotics, P. pentosaceus H5 strain was resistant to seven
antibiotics, P. pentosaceus H4 was resistant to six
antibiotics and A. kunkeei H2 was resistant to five
antibiotics (Table 5). All isolates demonstrated resistance to
ofloxacin, amoxicillin, penicillin and ciprofloxacin and full
or moderate sensitivity to chloramphenicol, clindamycin,
gentamycin, ampicillin and doxycycline hydrochloride.

Table 5. Antibiotic susceptibility profiles of the isolates in disc diffusion method

Isolates Antibiotic susceptibility pattern

AZM TE OF C CD AMX E AMP P CIP GEN DO
Pediococcus pentosaceus H5 R R R S S R R M R R S M
Pediococcus pentosaceus H4 R M R S S R R M R R S M
Apilactobacillus kunkeei H2 S R R S S R S S R R S S

R = Resistance, S = Sensitive, M = Moderately Sensitive. AZM = Azithromycin, TE = Tetracycline, O = Ofloxacin, C = Chloramphenicol, CD = Clindamycin,
AMX = Amoxycillin, E = Erythromycin, AMP = Ampicillin, P = Penicillin, CIP = Ciprofloxacin, GEN = Gentamycin, DO = Doxycycline hydrochloride.

4. Discussion

This study presents an extensive characterization of
the probiotic features of three LAB strains from honey. Of
the strains, two strains were P. pentosaceus and one strain
was A. kunkeei. All isolates included characteristics that
were beneficial to health, including antagonistic activity
against bacterial and fungal pathogens and free radical
scavenging capacity. Antagonistic activity against
pathogens is considered one of the most important charac-
teristics of probiotic microbes to avoid gastrointestinal
infections [20]. Moreover, it may help prevent spoilage by
the microorganisms in foods. Indeed, all probiotic microbes
used currently in functional foods or medicines include this
activity. Previously, LAB species isolated from natural
honey have been reported to include antimicrobial effects.
Hasali et al. reported five strains of Lactobacillus spp.
isolated from Meliponine honey, which showed
antimicrobial activity against S. aureus, S. epidermidis, B.
subtilis, E. coli, Pseudomonas aeruginosa, S. typhimurium
and Listeria monocytogenes [8]. Several other strains of
Lactobacillus spp. isolated from honey could resist the
growth of one or more foodborne pathogens, including S.
enteritidis, Listeria monocytogenes, S. aureus, Shigella
flexneri, B. cereus and enteropathogenic E. coli [9].
Bulgasem et al. reported isolation of 25 LAB from the
honey samples of Libya, Malaysia, Saudi Arabia and
Yemen. Four strains of the LAB, L. curvatus HH from Al-
Hanon honey, L. plantarum HS from Al-Seder honey, P.
pentosaceus HM from Al-Maray and P. acidilactici HC
from Tualang honey, could inhibit pathogenic Candida spp.
[25]. The LAB from honey could therefore be a good source
of antimicrobial activity providing protection from bacterial

and fungal pathogens. Additionally, the three isolates
showed strong antioxidant effects providing further benefits
to the consumers. Consumption of natural antioxidants with
the foods can particularly be beneficial to human health
[47]. Antioxidant activity of the LAB is due to several
bioactive compounds, as demonstrated by several studies
[12,48-50]. In presence of insufficient quantities of
antioxidants in human body, free radicals can cause cellular
damages as well as degenerative or pathological processes
such as aging and cancer [50]. Bioactive compounds
produced by LAB include significant roles in decreasing
effects of free radical reactive oxygen species. Results
presented in this study have indicated high antioxidant
activities in the isolates, which are similar to those in
previous studies [48,51,52].

In addition to providing beneficial health effects, it
is important for the LAB to survive and colonize the GIT.
Therefore, the LAB isolates were assessed for their
tolerance capacity to simulated gastric juice, bile salts and
phenol. Resistance to low pH is critical for selecting
appropriate bacterial strains for probiotic uses. Unfavorable
acidic conditions with pH of the host GIT varying nearly 2
make it particularly difficult for the microorganisms to
inhabit the organ [53]. Findings of the present study
suggested that the isolated LAB strains included relatively
high survival rates (39-42%) within 4 h of exposure to pH
2, while food travels along the human gut for maximum 3 h.
Although pH of the human stomach can be milder than 2
depending on the feeding state and due to the buffer action
of dietary ingredients, resistance of the isolates to the pH
better ensures their possible survival in the GIT. However,

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 4.0 License (CC BY-NC 4.0).
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 40



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Probiotic lactic acid bacteria of honey

Appl Food Biotechnol, Vol. 10, No. 1(2023)

not all the LAB strains can survive at pH 2. Investigations
suggested that survival of LAB significantly varied across
the strains at pH 2 or 3 [54]. However, several in vitro
assessments have described LAB isolates of food, human
and animal origin, which could retain their viability when
subjected to pH 2-4 [12,55]. In contrast, other studies
reported severe decreases in growth of Lactobacillus spp. at
pH 2.5 and only survival at pH 5, 6 and 7 [12]. The three
LAB strains of this study demonstrated resistance to bile
salts and phenol, a major requirement for probiotic
selection. Assessment of the bile salt tolerance is important
in understanding of the candidate probiotics’ metabolic
status and colonization capacity in the GIT [1]. The three
isolates showed strong to moderate survival to 0.5% bile
salts, which suggested that they could tolerate such
conditions. Additionally, they could survive exposure to
phenol, a toxic compound produced from the deamination
of certain amino acids (AA) by gut microbiota [56]. It is
expected from the probiotic candidates to tolerate toxic
effects produced by phenol.

The honey associated isolates further proved their
probiotic potentials by demonstrating significant autoagg-
regation, coaggregation and adhesion abilities. Autoaggr-
egation and coaggregation abilities help LAB form barriers
to prevent pathogens from mucosal colonization in the gut
[57]. Furthermore, autoaggregation and coaggregation
abilities of the isolates reveal their capacities to adhere to
mucosal surfaces and epithelial cells. Previous studies
reported probiotic LAB showing good aggregation
characteristics [1,12]. In the present study, the isolates’
ability to autoaggregate and coaggregate increased with
time, similar to other studies [3,12]. The LAB isolates were
shown with high to moderate adhesion activities to
hydrocarbons, including ethyl acetate, chloroform and
xylene. Surface hydrophobicity is another key factor for the
selection of functional probiotics. It is addressed within the
key physicochemical characteristics to support the first
contact between the bacteria and host tissues. Moreover,
strains with higher adhesion abilities were demonstrated
with higher aggregation abilities in studies, suggesting
positive correlations between adhesion and aggregation
which was reported in the present study [1,3].

The LAB isolates considered for probiotic
development must be assessed for their safety for
consumption. Hence, isolates of this study were subjected to
hemolytic and antibiotic sensitivity assays. The assessed
strains did not show hemolytic activities on sheep blood
agar, which indicated that the isolates could be considered
safe. Similar to this finding, Coelho et al. reported the
absence of hemolytic activity in LAB and yeast strains
isolated from a honey based beverage [58,59]. Similarly,
Lactobacillus spp. isolated from the gut of the worker honey
bee L. Apismellifera, including L. brevis HBE2 and L. casei
HBES5 [60], or probiotic Bacillus spp. isolated from honey

and honey bee did not show hemolytic activity [61,62].
Antibiotic susceptibility assay of the LAB strains revealed
their resistance to five to seven out of 12 antibiotics. The 12
antibiotics used in this study covered all the seven most
common groups of antibiotics, including penicillin
(penicillin, amoxicillin and ampicillin), aminoglycosides
(gentamycin), lincosamide (clindamycin), macrolide
(azithromycin and erythromycin), quinolone (ciprofloxacin
and ofloxacin), chloramphenicol and tetracycline
(tetracycline and doxycycline hydrochloride). The LAB
isolates were mostly resistant to two antibiotics of the
penicillin group used in the present study such as penicillin
and amoxicillin and one antibiotic from the quinolone group
such as ofloxacin. In fact, resistance of LAB to a few
antibiotics is generally common and may be attributed to
non-transferable intrinsic resistance [63]. Previously, LAB
isolates from a number of foods were resistant to several
antibiotics such as those isolated from honey [64], broilers
[58], coconut palm nectar [1], fermented fish and chicken
[65], fermented meats [66] and dairy products [67].
Technically, presence of natural resistance to antibiotics in
LAB is considered beneficial since it may protect the
bacteria against antibiotic therapy [38]. Moreover, it helps
simultaneous use of antibiotics and probiotic LAB when
used for therapeutic and preventive purposes.

5. Conclusion

To the best of the authors’ knowledge, this is the first
report of extensive probiotic characterization of LAB
present in natural Bangladeshi honey. The isolated LAB
strains demonstrated a variety of health promoting effects
such as antibacterial, antifungal and antioxidant effects, as
well as probiotic competences such as tolerance to extreme
gut conditions and autoaggregation, coaggrergation and
adhesion abilities. Hence, the LAB isolates can be addressed
as potential sources of antimicrobial and antioxidant
compounds having additional advantages of critical gut
endurance capacity. Further studies particularly in vivo
evidence of their health benefits and adaptation to gut
environments are needed for the establishment of these
isolates as functional probiotics.

6. Acknowledgements

This study was financilly supported by Research and
Publication Cell, University of Chittagong. The authors
thank Department of Microbiology, University of Chitta-
gong, for providing laboratory facilities and chemicals.

7. Conflict of Interest

The authors report no conflict of interest.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 4.0 License (CC BY-NC 4.0).
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 41



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Jannatul Ferdouse, et al

Appl Food Biotechnol, Vol. 10, No.1 (2023)

8. Authors Contributions

JF and TC contributed to conception, design and supervision
of the study; SP and SI carried out laboratory experiments
and analyzed and interpreted all data. JF wrote and prepared
the first draft; FA reviewed and helped in manuscript
writing and TJH extensively revised, edited and finalized
the manuscript. All authors read and approved the final
manuscript

9. References

1.Somashekaraiah R, Shruthi B, Deepthi BV, Sreenivasa MY.
Probiotic properties of lactic acid bacteria isolated from neera:
A naturally fermenting coconut palm nectar. Front Microbiol.
2019; 10:1382.

2.Taghizadeh G, Jahadi M, Abbasi H. Physicochemical
properties of probiotic soy milk chocolate mousse during
refrigerated storage. Appl Food Biotechnol. 2018; 5(2): 79-86.

3.Li M, Wang Y, Cui H, Li Y, Sun Y, Qiu H-J. Characterization
of lactic acid bacteria isolated from the gastrointestinal tract of
a wild boar as potential probiotics. Front Vet Sci. 2020; 7:49.

4.Elzeini HM, Ali AA, Nasr NF, Elenany YE, Hassan AAM.
Isolation and identification of lactic acid bacteria from the
intestinal tracts of honey bees, Apismellifera L., in Egypt. J
Apic Res. 2021; 60:349-57.

5.Hossain TJ. Functional genomics of the lactic acid bacterium
Limosilactobacillus fermentum LAB-1: metabolic, probiotic
and biotechnological perspectives. Heliyon 2022; 8(11):
el11412

6.Mahmoudi M, Khomeiri M, Saeidi M, Davoodi H.
Lactobacillus species from Iranian jug cheese: identification
and selection of probiotic based on safety and functional
properties. Appl Food Biotechnol. 2020; 8(1): 47-56.

7.Rahman MM, Ferdous J, Akter R, Uddin MS, Aktar, S, Paul
CP. In vitro evaluation of probiotic and bacteriocinogenic
potentiality of Lactobacillus plantarum and Lactobacillus
delbrueckii isolated from vegetables in Chittagong region,
Bangladesh. Malays J Microbiol. 2019; 132-142.

8.Hasali NH, Zamri Al, Lani MN, Mubarak A, Suhaili Z.
Identification of lactic acid bacteria from Meliponine honey
and their antimicrobial activity against pathogenic bacteria.
Am Eurasian J Sustain Agric. 2015; 9(6):1-6.

9.Lashani E, Davoodabadi A, SoltanDallal MM. Some probiotic
properties of Lactobacillus species isolated from honey and
their antimicrobial activity against foodborne pathogens. Vet
Res Forum. 2020; 11:121-126.

10. Aween MM, Hassan Z, Muhialdin BJ, Noor HM, Eljamel
YA. Evaluation on antibacterial activity of Lactobacillus
acidophilus strains isolated from honey. Am J Appl Sci. 2012;
9: 807-817.

11. GuR-X, Yang Z-Q, Li Z-H, Chen S-L, Luo Z-L. Probiotic
properties of lactic acid bacteria isolated from stool samples of
longevous people in regions of Hotan, Xinjiang and Bama,
Guangxi, China. Anaerobe. 2008; 14(6):313-7.

12. Akmal U, Ghori I, Elasbali AM, Alharbi B, Farid A, Alamri
AS. Probiotic and antioxidant potential of the Lactobacillus
spp. isolated from artisanal fermented pickles. Fermentation
2022; 8:328.

13. Fugaban JII, Holzapfel WH, Todorov S. The Overview of
natural by-products of beneficial lactic acid bacteria as
promising antimicrobial agents. Appl Food Biotechnol. 2022;
9(2): 127-143.

14. Palachum W, Chisti Y, Choorit W. In-vitro assessment of
probiotic potential of Lactobacillus plantarum WU-P19
isolated from a traditional fermented herb. Ann Microbiol.
2018; 68:79-91.

15. Jager R, Purpura M, Farmer S, Cash HA, Keller D.
Probiotic Bacillus coagulans GBI-30, 6086 improves protein
absorption and utilization. Probiotics Antimicrob Proteins.
2018; 10:611-615.

16. Miller LE, Ouwehand AC, Ibarra A. Effects of probiotic-
containing products on stool frequency and intestinal transit in
constipated adults: Systematic review and meta-analysis of
randomized controlled trials. Ann Gastroenterol. 2017;
30:629-39.

17. Alard J, Peucelle V, Boutillier D, Breton J, Kuylle S, Pot B.
New probiotic strains for inflammatory bowel disease
management identified by combining in vitro and In vivo
approaches. Benef Microbes. 2018; 9: 317-331.

18. Niibo M, Shirouchi B, Umegatani M, Morita Y, Ogawa A,
Sakai F. Probiotic Lactobacillus gasseri SBT2055 improves
insulin secretion in a diabetic rat model. J Dairy Sci. 2019;
102:997-1006.

19. Mojgani N, Hussaini F, Vaseji N. Characterization of
indigenous Lactobacillus strains for probiotic properties.
Jundishapur J Microbiol. 2015; 8:17523.

20. Hossain TJ, Mozumder HA, Ali F, Akther K. Inhibition of
pathogenic microbes by the lactic acid bacteria Limosilacto-
bacillus fermentum strain LAB-1 and Levilactobacillus brevis
strain LAB-5 isolated from the dairy beverage borhani. Current
Res Nutr Food Sci. 2022.

21. Alonso S, Carmen Castro M, Berdasco M, de la Banda IG,
Moreno-Ventas X, de Rojas AH. Isolation and partial
characterization of lactic acid bacteria from the gut microbiota
of marine fishes for potential application as probiotics in
aquaculture. Probiot Antimicrob Proteins. 2019; 11:569-79.

22. Chiang SS, Pan TM. Beneficial effects of Lactobacillus
paracasei subsp. paracasei NTU 101 and its fermented
products. Appl Microbiol Biotechnol. 2012; 93: 903-916.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 4.0 License (CC BY-NC 4.0).
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 42



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.3389/fmicb.2019.01382
https://doi.org/10.22037/afb.v5i2.19155
https://doi.org/10.3389/fvets.2020.00049
https://doi.org/10.1080/00218839.2020.1746019
https://doi.org/10.1016%2Fj.heliyon.2022.e11412
https://doi.org/10.22037/afb.v8i1.29253
https://doi.org/10.21161/mjm.180070
http://eprints.unisza.edu.my/id/eprint/5044
https://doi.org/10.30466/vrf.2018.90418.2188
https://doi.org/10.3844/ajassp.2012.807.817
https://doi.org/10.1016/j.anaerobe.2008.06.001
https://doi.org/10.3390/fermentation8070328
https://doi.org/10.22037/afb.v9i2.37544
https://doi.org/10.1007/s13213-017-1318-7
https://doi.org/10.1007%2Fs12602-017-9354-y
https://doi.org/10.20524/aog.2017.0192
https://doi.org/10.3920/BM2017.0097
https://doi.org/10.3168/jds.2018-15203
https://doi.org/10.5812/jjm.17523
https://doi.org/10.2139/ssrn.4056821
https://doi.org/10.1007/s12602-018-9439-2
https://doi.org/10.1007/s00253-011-3753-x

Probiotic lactic acid bacteria of honey

Appl Food Biotechnol, Vol. 10, No. 1(2023)

23. Berardi CW, Solovey ET, Cummings ML. Investigating the
efficacy of network visualizations for intelligence tasks. IEEE
Int Conf Intell Secur Inform. Seattle, WA, USA: IEEE; 2013;
278-283.

24. Ajibola A, Chamunorwa JP, Erlwanger KH. Nutraceutical
values of natural honey and its contribution to human health
and wealth. Nutr Metab (Lond). 2012; 9:1-61.

25. Bulgasem BY, Lani MN, Hassan Z, Yusoff WMW, Fnaish
SG. Antifungal activity of lactic acid bacteria strains isolated
from natural honey against pathogenic Candida species.
Mycobiol. 2016; 44: 302-309.

26. Feizabadi F, Sharifan A, Tajabadi N. Isolation and
identification of lactic acid bacteria from stored Apismellifera
honey. J Apic Res. 2021; 60:421-426.

27. Mustar S, Ibrahim N. A Sweeter Pill to Swallow: A Review
of honey bees and honey as a source of probiotic and prebiotic
products. Foods. 2022; 11: 2102.

28. Hossain TJ, Alam M, Sikdar D. Chemical and
microbiological quality assessment of raw and processed
liquid market milks of Bangladesh. Cont J Food Sci Technol.
2011, 5:6-17.

29. Hossain TJ, Das M, Ali F, Chowdhury SI, Zedny SA.
Substrate preferences, phylogenetic and biochemical
properties of proteolytic bacteria present in the digestive tract
of Nile tilapia (Oreochromisniloticus). AIMS Microbiol. 2021;
7:528-545.

30. Hossain TJ, Nafiz IH, Mozumder HA, Ali F, Rahman N,
Khan MS. Antipathogenic action and antibiotic sensitivity
pattern of the borhani-associated lactic acid bacterium
Weissella confusa LAB-11. Available at SSRN:
https://ssrn.com/abstract=4161742. 2022.

31. Pundir RK, Rana S, Kashyap N, Kaur A. Probiotic potential
of lactic acid bacteria isolated from food samples: An in vitro
study. J Appl Pharm Sci. 2013; 3:85-93.

32. AliF, Das S, Hossain TJ, Chowdhury Sl, Zedny SA, Das T,
Ahmed Chowdhury MN, Uddin MS. Production, optimization,
stability, and oil emulsifying potential of biosurfactants from
selected bacteria isolated from oil contaminated sites. R Soc
Open Sci. 2021; 8: 211003

33. Hossain TJ, Chowdhury SI, Mozumder HA, Chowdhury
MNA, Ali F, Rahman N. Hydrolytic exoenzymes produced by
bacteria isolated and identified from the gastrointestinal tract
of Bombay duck. Front Microbiol. 2020; 11:2097

34. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ.
Basic local alignment search tool. J Mol Biol.1990; 215:403-
410.

35. Johnson M, Zaretskaya |, Raytselis Y, Merezhuk Y,
McGinnis S, Madden TL. NCBI Blast: A better web interface.
Nucleic Acids Res. 2008; 36: W5-9.

36. Hossain TJ, Manabe S, Ito Y, lida T, Kosono S, Ueda K,
Hosomi A, Inoue D, Suzuki T. Enrichment and
characterization of a bacterial mixture capable of utilizing C-
mannosyl tryptophan as a carbon source. Glycoconj J.2018;
35:165-176.

37. Padmavathi T, Bhargavi R, Priyanka PR, Niranjan NR,
Pavitra PV. Screening of potential probiotic lactic acid bacteria
and production of amylase and its partial purification. J Genet
Eng Biotechnol. 2018; 16: 357-362.

38. Zommiti M, Connil N, Hamida JB, Ferchichi M. Probiotic
characteristics of Lactobacillus curvatus DN317, a strain
isolated from chicken ceca. Probiotics Antimicrob Proteins.
2017: 9; 415-424.

39. Prabhurajeshwar C, Chandrakanth RK. Probiotic potential
of Lactobacilli with antagonistic activity against pathogenic
strains: An In vitro validation for the production of inhibitory
substances. Biomed J. 2017; 40: 270-283.

40. Rokana N, Singh BP, Thakur N, Sharma C, Gulhane RD,
Panwar H. Screening of cell surface properties of potential
probiotic lactobacilli isolated from human milk. J Dairy Res.
2018; 85:347-354.

41. Chowdhury T, Ferdouse J. Isolation, characterization and
antimicrobial activity of lactic acid bacteria from local milk
and milk products. Bangladesh J Microbiol. 2016; 29(2): 76-
82.

42. Yin J-Y, Nie S-P, Zhou C, Wan Y, Xie M-Y. Chemical
characteristics and antioxidant activities of polysaccharide
purified from the seeds of Plantagoasiatica L. J Sci Food
Agric. 2010; 90:210-207.

43. Yadav R, Puniya AK, Shukla P. Probiotic properties of
Lactobacillus plantarum RYPR1 from an indigenous
fermented beverage Raabadi. Front Microbiol. 2016;7:1-9

44. Moreno |, Marasca ETG, de Sa PBZR, de Souza Moitinho
J, Marquezini MG, Alves MRC, Bromberg R. Evaluation of
probiotic potential of bacteriocinogenic lactic acid bacteria
strains isolated from meat products. Probiotics Antimicrob
Proteins. 2018; 10:762-774.

45. Ali F, Silvy TN, Hossain TJ, Uddin MK, Uddin MS.
Prevalence and antimicrobial resistance phenotypes of
Salmonella species recovered at various stages of broiler
operations in Hathazari, Bangladesh. Int J One Health.2021;
7:158-164.

46. Liasi SA, Azmi IT, Hassan MD, Shuhaimi M, Rosfarizan
M, Ariff AB. Antimicrobial activity and antibiotic sensitivity
of three isolates of lactic acid bacteria from fermented fish
product, Budu. Malays J Microbiol. 2009:33-37.

47. Uugantsetseg E, Batjargal B. Antioxidant activity of
probiotic lactic acid bacteria isolated from Mongolian airag.
Mong J Chem. 2014; 15:73-78.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 4.0 License (CC BY-NC 4.0).
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 43



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1109/ISI.2013.6578843
https://doi.org/10.1186/1743-7075-9-61
https://doi.org/10.5941/MYCO.2016.44.4.302
https://doi.org/10.1080/00218839.2020.1765490
https://doi.org/10.3390/foods11142102
https://doi.org/10.5281/zenodo.5568945
https://doi.org/10.3934/microbiol.2021032
https://ssrn.com/abstract=4161742
https://doi.org/10.2139/ssrn.4161742
http://doi.org/10.7324/JAPS.2013.30317
https://doi.org/10.1098/rsos.211003
https://doi.org/10.3389/fmicb.2020.02097
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1093/nar/gkn201
https://doi.org/10.1007/s10719-017-9807-2
https://doi.org/10.1016/j.jgeb.2018.03.005
https://doi.org/10.1007/s12602-017-9301-y
https://doi.org/10.1016/j.bj.2017.06.008
https://doi.org/10.1017/S0022029918000432
https://doi.org/10.3329/bjm.v29i2.28440
https://doi.org/10.1002/jsfa.3793
https://doi.org/10.3389/fmicb.2016.01683
https://doi.org/10.1007/s12602-018-9388-9
http://dx.doi.org/10.14202/IJOH.2021.158-164
https://doi.org/10.21161/mjm.15008
https://doi.org/10.5564/mjc.v15i0.327

Jannatul Ferdouse, et al

Appl Food Biotechnol, Vol. 10, No.1 (2023)

48. Yusuf D, Nuraida L, Dewanti-Hariyadi R, Hunaefi D. In
vitro antioxidant and o-glucosidase inhibitory activities of
Lactobacillus spp. isolated from Indonesian kefir grains. Appl
Food Biotechnol. 2020; 8(1): 39-46.

49. Afify AE-MM, Romeilah RM, Sultan SI, Hussein MM.
Antioxidant activity and biological evaluations of probiotic
bacteria strains. Int J Acad Res. 2012; 4:131-139

50. Elfahri KR, Vasiljevic T, Yeager T, Donkor On. Anti-colon
cancer and antioxidant activities of bovine skim milk
fermented by selected Lactobacillus helveticus strains. J Dairy
Sci. 2016; 99:31-40.

51. AlKalbani NS, Turner MS, Ayyash MM. Isolation,
identification, and potential probiotic characterization of
isolated lactic acid bacteria and In vitro investigation of the
cytotoxicity, antioxidant, and antidiabetic activities in
fermented sausage. Microb Cell Factories. 2019; 18:1-12.

52. Amaretti A, Di Nunzio M, Pompei A, Raimondi S, Rossi
M, Bordoni A. Antioxidant properties of potentially probiotic
bacteria: In vitro and In vivo activities. Appl Microbiol
Biotechnol. 2013; 97:809-817.

53. Sanders ME, Merenstein DJ, Reid G, Gibson GR, Rastall
RA. Probiotics and prebiotics in intestinal health and disease:
from biology to the clinic. Nat Rev Gastroenterol Hepatol.
2019; 16: 605-616.

54. Garcia EF, Luciano WA, Xavier DE, da Costa WCA, de
Sousa Oliveira K, Franco OL, de Morais Junior MA, Lucena
BTL, Picao RC, Magnani M, Saarela M, de Suza
EL.Identification of lactic acid bacteria in fruit pulp processing
byproducts and potential probiotic properties of selected
Lactobacillus strains. Front Microbiol. 2016; 7.

55. Monteagudo-Mera A, Rodriguez-Aparicio L, Rua J,
Martinez-Blanco H, Navasa N, Garcia-Armesto MR, Angel
Ferrero M. In vitro evaluation of physiological probiotic
properties of different lactic acid bacteria strains of dairy and
human origin. J Funct Foods. 2012; 4: 531-541.

56. Reuben RC, Roy PC, Sarkar SL, Alam R-U, Jahid IK.
Isolation, characterization, and assessment of lactic acid
bacteria toward their selection as poultry probiotics. BMC
Microbiol. 2019; 19: 253.

57. Zheng M, Zhang R, Tian X, Zhou X, Pan X, Wong A.
Assessing the risk of probiotic dietary supplements in the
context of antibiotic resistance. Front Microbiol. 2017; 8:908

58. de Oliveira Coelho B, Fiorda-Mello F, de Melo Pereira GV,
Thomaz-Soccol V, Rakshit SK, de Carvalho JC, Soccol CR. In
vitro probiotic properties and DNA protection activity of yeast
and lactic acid bacteria isolated from a honey-based kefir
beverage. Foods. 2019; 8:485.

59. Golshahi M, Pirnia, MM, Jafari P, Ebrahimi E, Tafvizi F,
Dameshghian M., Tajabadi-Ebrahimi M. Characterization of
effective native lactic acid bacteria as potential oral probiotics
on growth inhibition of Streptococcus mutans. Appl Food
Biotechnol. 2021; 8(3): 201-212.

60. Elzeini HM, Ali ARAA, Nasr NF, Hassan M, Hassan AA
moneim, Elenany YE. Probiotic capability of novel lactic acid
bacteria isolated from worker honey bees gut microbiota.
FEMS Microbiol Lett. 2021; 368: fnab030.

61. AbdelWahab WA, Saleh SAA, Karam EA, Mansour NM,
Esawy MA. Possible correlation among osmophilic bacteria,
levan yield, and the probiotic activity of three bacterial honey
isolates. Biocatal Agric Biotechnol. 2018; 14:386-394.

62. Hamdy AA, Elattal NA, Amin MA, Ali AE, Mansour NM,
Awad GEA, Awad HM, Esawy MA. Possible correlation
between levansucrase production and probiotic activity of
Bacillus sp. isolated from honey and honey bee. World J
Microbiol Biotechnol. 2017; 33:69.

63. Ammor MS, Florez AB, Hoek AHAM van, Reyes-Gavilan
CG de los, Aarts HIM, Margolles A, Mayo B. Molecular
characterization of intrinsic and acquired antibiotic resistance
in lactic acid bacteria and bifidobacteria. Microb Physiol.
2008; 14:6-15.

64. Aween MM, Hassan Z, Muhialdin BJ, Eljamel YA, Al-
Mabrok ASW, Lani MN. Antibacterial activity of
Lactobacillus acidophilus strains isolated from honey
marketed in Malaysia against selected multiple antibiotic
resistant (MAR) gram-positive bacteria. J Food Sci. 2012; 77:
M364-71.

65. Tatsaporn T, Kornkanok K. Using potential lactic acid
bacteria biofilms and their compounds to control biofilms of
foodborne pathogens. Biotechnol Rep. 2020; 26: e00477.

66. Parlindungan E, Lugli GA, Ventura M, van Sinderen D,
Mahony J. Lactic acid bacteria diversity and characterization
of probiotic candidates in fermented meats. Foods. 2021; 10
(7): 1519.

67. Kamarinou CS, Papadopoulou OS, Doulgeraki Al, Tassou
CC, Galanis A, Chorianopoulos NG, Argyri AA. Mapping the
key technological and functional characteristics of indigenous
lactic acid bacteria isolated from Greek traditional dairy
products. Microorganisms 2022; 10 (2): 246.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 4.0 License (CC BY-NC 4.0).
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 44



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.22037/afb.v8i1.30367
https://doi.org/10.7813/2075-4124.2012/4-6/A.18
https://doi.org/10.3168/jds.2015-10160
https://doi.org/10.1186/s12934-019-1239-1
https://doi.org/10.1007/s00253-012-4241-7
https://doi.org/10.1038/s41575-019-0173-3
https://doi.org/10.3389/fmicb.2016.01371
https://doi.org/10.1016/j.jff.2012.02.014
https://doi.org/10.1186/s12866-019-1626-0
https://doi.org/10.3389/fmicb.2017.00908
https://doi.org/10.3390/foods8100485
https://doi.org/10.22037/afb.v8i3.33704
https://doi.org/10.1093/femsle/fnab030
https://doi.org/10.1016/j.bcab.2018.04.006
https://doi.org/10.1007/s11274-017-2231-8
https://doi.org/10.1159/000106077
https://doi.org/10.1111/j.1750-3841.2012.02776.x
https://doi.org/10.1016/j.btre.2020.e00477
https://doi.org/10.3390/foods10071519
https://doi.org/10.3390/microorganisms10020246

= 000
= 0000
=0000
<< 000
Food @@
Biotechnology

APPLIED FOOD BIOTECHNOLOGY, 2023, 10 (1):33-45

Research Article

pISSN: 2345-5357
elSSN: 2423-4214

Journal homepage: www.journals.sbmu.ac.ir/afb

oslalbgi T g pogliwlipisy s sSouy Sy ol s yiSb (Sudgwg oS3

#Y

GOy b e 00l s /Tl

¥ v ) . ) 2 ) R R <) SOPR
SSUWE SR VT SPULL AP, W) | N ORI VTR SU DU SY. P SrOcume joy Vil Ue] IvIPRUWT V-1 ) JLGE
S YT 155t Sl oS s 095
oML FYYY ol Sailer ¢ Kooz oKiils (JoSse (g55l0m 5 (comdion 09,5V
OO FYTY fl)f93l> ..BPM & landos 09,5 I3 Lo Glog So o g Y

Ao 4oy ,6
VOYY el ¥ cdl s

YoY als Yo g ysle
YoV el VWV pdy

Sl o 5t
95w Coad
e las el .
eialeST Tas colad =
b bows; "

o okim 95"

o090 Al com

P50 Siglom 5 sots 05,5
Pl « SgSluz duils
uua)li..» SYYY

1Sy Sl ey

Bles lowgSee 5 (oontise
Sl « BPM Slidss og,5
oo (FYTY

1 Sg Sl ey

° .

4
Slaseie ailond aslid (bie p 698 6 b Sl ot sl SV slas L sdud g Al
Jolo asllae ol Slaal .oenl dgaome 1ML (b Juus 55 9290 el SISV Glas S ()b
D9 I s 50 sl SV slos 5L (sl 5 ()b Gla Sy bl s silelor

Sl gl 2 0,5 Ay g kS csS slaghs, Sl 6L sileoalls 5 sillax sl 3 gy g Sgo
s ole byl slp was olulis STRNAVS 5 g Judo g ayion 5l eolainl b baaslas ol ool
bl YGJ;J“L.SIM Codlad o ooliiwl pgomes (53¢ 5 )BT Sl Ll g, 5l cud Sas o >, B 0o 5 b SL
3y b9y | edliil b (Fatz 5 olinil (09,80 (rozogs b planl (29,50 ST S0, e (Ul
b (Sgid oo iomi o oolitul Sidgon iomiw 537 loges 5T 085 8 (cn)p 9590 (Joho
s plowl asino Lasil b, 5l ooliul

Sl it VLIS 15 gml pé Coito o5 gl Vo Jue 5l oo laz a9 YO £oocne 5l 3.5 g0 4o g LAISL
05,83l 3blie sloul b s pleie (05,500 do Sl il Lo alaz 515 90 du .o soliiwl BT Sals Ll iy, 0 4
i Mgl B0 prs s o585l rogT 35Sl ughpan sl Aoz 115 (5 Lo (Slatigms 4o pl 3 s
Pl by 4 b gla (Fho U ad (cwyp aliz dw nl jealr GlaShg wisls Glas puaiCo/
OLes STRNAVF o5 I Leloxi 5 a5 il odle w09 (ot el liimss S eass QU555 aloosdon
il oo (e s (SO usleawlis Do [ g (1500 99) g sl JusT3 0l & Blaie ladlaz a5 ol
PH )5 g8 BB jsbar b aplaz ols (Lis bl ol o) fgs‘-"‘cﬁ)-.’ Ll il 5o odme 0ads (gluand Lyl 5o
SRl3 5 p 3005 colivl sl 4 (S )3 255 (215 Las S cnlwiaile oy J8 5 (s5lydo slacsies (ol
oS g e o3l JI03]) oo cedlad il ogdle aiiils (gl golinil 5 (razioss b Thy (e
Olis Seidgen cllab la gl ol (51 0 05 (oo Y0 (5L 4z LB oluSTas Ty p el
a5l oo gie Wlgior Juue &5 a3 00 Gl gl (nlpli g plie SSsmnd uaiz 4 g Wolw
S8l (6 s Caye (pair b sl SV (6 251w

5,15 e ol HLasl b das pe xdlie (o)l 95 gt 45 oS oo pdlel a5 s @80 o ylad

' Probiotic effects

* Antioxidant activity
" Blood-agar
*invitro

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 4.0 License (CC BY-NC
4.0). To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by-nc/4.0/
mailto:ferdouse@cu.ac.bd
mailto:tanim.j.hossain@cu.ac.bd

