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ABSTRACT

Objective: The present study aimed to isolate, identify, and analyze the probiotic properties and f-lactam sensitivity in the Lactic Acid Bacteria
(LAB) prevalent in Tungtap and Lung-seij, common traditionally fermented ethnic products throughout Meghalaya.

Methods: Bacterial pure colonies were identified using conventional biochemical tests and 16S rRNA Sanger sequencing. Slightly modified standard
protocols were followed for the assessment of different probiotic properties.

Results: The selected LAB isolates were found Gram-positive, catalase, and oxidase-negative and exhibited resistance to most of the B-lactam
antibiotics used in this study. No significant antibacterial activity was shown against tested strains. However, they showed strong bile salt and acid
tolerance, as well as high auto aggregation and moderate hydrophobicity properties, which represent their probiotics properties. Extracellular
Polymeric Substances (EPS) yield was highest for the TT2 isolate, while TT10 showed maximal siderophore production. Biofilm formation varied,
with BS2 and BS5 showing strong adherence. Sequencing results confirm that the majority of the isolates belonged to the Lactiplantibacillus and
Ligilactibacillus genera. Moreover, further genetic analysis confirmed the presence of 3-lactamase genes in the selected isolates.

Conclusion: The presence of these genes suggests that the isolates may become reservoirs for Antimicrobial Resistance Genes (ARG) in traditional
fermented foods. Further study is required to establish whether the isolates are transmitting their antimicrobial resistance genes during co-culture

under different stress conditions and transportation.
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INTRODUCTION

‘Fermentation’ originated from the Latin word ‘fervere’, which means
‘to boil” 1t describes the process where yeast acts upon fruit or
malted grain extracts, particularly in producing alcoholic beverages
[1]. It is an ancient and cost-effective method of food preparation
that utilizes microorganisms’ growth and metabolic activities to
preserve foods. Fermentation is widely practiced at the household
level in rural communities; it yields a variety of traditional foods and
beverages. This inexpensive process requires minimal energy and
service as the primary method of food, typically retaining pleasant
flavor, aroma, and texture while boasting enhanced nutritive values
and extended shelf life under ambient conditions. Ethnic fermented
foods are crafted by indigenous communities using their traditional
knowledge of food fermentation. They use locally available plant-or
animal-based raw materials, employing natural or spontaneous
fermentation, or add starter cultures containing functional
microorganisms. These practices transform substrates into edible
products that align with cultural and social norms through
biochemical and organoleptic modifications, ensuring consumer
acceptance [2]. Majorly, Lactic Acid Bacteria (LAB) are found in
fermented foods and beverages. Key genera of LAB, including
Lactobacillus, Alkalibacterium, Carnobacterium, Enterococcus,
Leuconostoc, Pediococcus, Streptococcus, and Weissella have been
identified and isolated [1]. These isolates are widely known for their
health benefits attributes and have been implicated for health
benefits while being Generally Regarded As Safe (GRAS) nature [3].
With the increase in the use of antimicrobial drugs and their
constant exposure to these drugs, the GRAS probiotic microbes are
growing in the chemical-rich environment, thus providing the
possibility of acquired genetic recombination, which may even
include the Antimicrobial Resistance Gene (ARG).

Understanding the prevalence and transferability of antibiotic-
resistant genes in bacteria associated with ethnically fermented food
products is essential for mitigating the potential risks associated

with their consumption [4]. Considering the ethnic practices of
preparing and consuming traditionally fermented foods, the present
work was proposed to evaluate lactic acid bacteria’s prevalence in
these products available in Meghalaya and assess their probiotic
properties as well as the susceptibility of the isolated LAB to B-
lactam antibiotics.

MATERIALS AND METHODS
Samples of fermented products

Fermented fish (Tungtap) and fermented bamboo shoots (Lung-seij)
were collected from the local market of Shillong, Meghalaya. The
pathogenic strains of Staphylococcus aureus (M96), Bacillus subtilis
(M441), Escherichia coli (M730), and Klebsiella pneumoniae (M109)
were purchased and subcultured from Microbial Type Culture
Collection and Gene Bank, Chandigarh, India.

Isolation of lactic acid bacteria

De-Man, Rogosa, and Sharpe (MRS) is a specifically selective medium
used for the isolation of lactic acid bacteria. 100 pl of previously
serially diluted samples were taken from each tube, spread over
separate MRS agar plates, and appropriately marked according to
their dilution. The plates were kept in an anaerobic glass jar with an
AnaeroGas Pack (HiMedia®, India). AnaeroGas Pack is a disposable
oxygen-absorbing and carbon dioxide-generating agent. A pH tablet
is generally used for conformation. Then, the jar was kept in an
incubator at 37 °C for 48-72 h.

After proper growth, different single colonies were picked up using a
sterile loop and streaked on MRS agar plates from the spread plate to
isolate the pure colony. Streaked plates were kept in an incubator at
37 °C for 24 h. The growing colonies on plates were counted and noted
for Colony-Forming Units (CFU) calculation. Single colonies were
chosen based on their morphological appearance, color, shape,
elevation, and margin. Further experiments were done based on the
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primary selection. The number of bacteria in the samples was
expressed as CFU/ml.

Pure culture development and stock maintenance

After 24 h of incubation, colonies were found in the previously spread
plate on MRS agar media. Particular dilution plates were chosen where
the colonies were countable between 30-300. From those plates, distinct
single colonies were picked up using a flame-sterilized inoculation loop
based on their appearance and streaked over different MRS agar plates.
Plates were marked accordingly. Then, the plates were kept in an
incubator at 37 °C for 24 h in inverted conditions.

From the streaked plate, single colonies were picked up and further
grown in MRS broth medium. And spread in MRS-slant tubes for
short-term preservation. And 50% glycerol stock was made for each
isolate by adding 1 ml of sterile glycerol and 1 ml of overnight-
grown fresh broth culture. Cryo vials were labeled properly and kept
in a refrigerator at -80 °C for long-term preservation.

Differential staining and biochemical tests

Gram staining is a differential staining technique used to
differentiate between Gram-positive and Gram-negative bacteria
based on their cell wall composition. A loopful overnight-grown
fresh culture was smeared on a grease-free slide and heat-fixed by
gently passing by flame for a few seconds. The smear was then
flooded with crystal violet, the primary stain, for 1 min. Gram’s
iodine was added for 1 min as a mordant. Decolorizer (95%) was
added to it and then excess decolorizer was washed with water.
Counter-stain safranin was added for 1 min and then washed with
water. The slide was left at room temperature for air drying. After
air drying, the slides were observed under a light microscope at
400x and 1000x oil immersion. For biochemical studies, mainly
catalase and oxidase tests were done.

Antimicrobial susceptibility testing (AST)

The Clinical and Laboratory Standards Institute (CLSI, 2020) criteria
were followed for assessing the antibiotic susceptibility of the isolates.
Muller-Hinton Agar (MHA) media was used for determining
antimicrobial susceptibility. After McFarland standardization, 100 pl of
overnight-grown bacterial culture was spread over the MHA plates
with the help of a cotton swab. Then, different 3-lactam antibiotic disks
were placed on the spread agar surface with the help of a sterilized
tweezer at the proper distance. The B-lactam antibiotics that were
chosen in the present study included Methicillin (MET 10),
Cephalothin (CEP 30), Ceftazidime (CAZ 30), Piperacillin/Tazobactam
(PIT 100/10), Carbenicillin (CB100), Ampicillin (A25), Penicillin-G
(P10), Aztreonam (AT30), Imipenem (110), and Meropenem (MRP10).
Plates were kept in the incubator at 37 °C for 24 h. Inhibition zones
were measured using an antibiotic zone scale.

Antibacterial properties of isolated LAB against pathogens

Four different pathogenic bacterial strains were taken from
Microbial Type Culture Collection (MTCC), namely, Staphylococcus
aureus M96, Bacillus subtilis M441, Escherichia coli M730, and
Klebsiella pneumoniae M109, and grown in culture tubes in nutrient
broth. After inoculation, tubes were kept in a shaking incubator at 37
°C for 24 h. Along with this culture; fresh MRS broths were prepared
and inoculated with isolated bacterial cultures. After the incubation
period, optical density was checked for the samples and adjusted to
ODgoo value 0.08-0.1 by adding fresh nutrient broth. After
standardization, 100pl* of each sample was taken and spread over
nutrient agar plates using a cotton swab. After spreading, 5 wells
were made inside the agar plate by maintaining proper distance in
between with the help of a sterile well borer. Each well was marked
properly and poured with 50ul* LAB samples. Plates were kept in an
incubator at 37 °C for 18-24 h. Antibacterial zones were measured
using an antibiotic zone scale.

Hydrophobicity and autoaggregation activity of LAB strains
Hydrophobicity activity determination

The surface hydrophobicity properties were performed according to
the method provided by Xu et al.(2009) with slight modifications [5].

R. Ghosh et al.

Int ] Pharm Pharm Sci, Vol 16, Issue 12, 42-50

Phosphate-buffered saline (PBS) was used as a control. 0.4 ml
organic solvent xylene was mixed with 4 ml of bacterial suspension.
After addition, the tubes were kept at room temperature for 15 min
to obtain an aqueous phase. After the incubation period, the
absorption values of the control and samples were taken under 600
nm wavelength. Each assay was performed in triplicate. The
percentage of surface hydrophobicity was calculated using the
equation below:

0Dggo(Control)—0Dggq (sample)

0Dggo(Control) x 100

Surface hydrophobicity (%) =

Auto-aggregation activity determination

For auto-aggregation, the protocol given by Del Re et al. (2000) was
followed with a slight modification [6]. All the bacterial cultures
were grown in MRS broth overnight at 37 °C in shaking conditions.
After incubation, cultures were centrifuged at 6000g for 10 min to
pellet down the cells. Pellets were washed twice using PBS buffer,
pH 7.4. And resuspended in PBS buffer to get a yield of ODgy, 1.0.
Resuspended tubes were kept at 37 °C for 2 h. After the incubation
period, 0.1 ml of the upper suspension was transferred to another
centrifuge tube, and the final volume was made up to 2 ml by adding
1.9 ml of PBS buffer. ODg(,, values were measured for both upper
suspensions diluted with PBS and total bacterial suspension by
using a spectrophotometer. The percentage of autoaggregation was
calculated using the equation below:

ODggo Upper suspension

Auto aggregation (%) =(1 — )x 100

0DgpoTotal bacterial suspension
Extracellular polymeric substances (EPS) yield determination

For qualitative determination of EPS formation, bacterial samples
were taken and grown in both MRS agar and broth with an
additional 5% sucrose medium. After inoculation, the plates were
kept in incubation at 37 °C for 48 h. After 48 h growth, non-mucoid
colonies were found. They were assigned as the ropy phenotype (R)
if unbreakable filaments were formed when the colonies were
touched with a flame-sterilized inoculating loop. Measurements
were done using a rule of the length of the filaments before
breakage, and they were classified as below: R*: when strand length
is between 1-10 mm, R?*: strand length between 11-20 mm, R3*: 21-
30. R**: 31-40, R°*: > 40 mm. In the case of the smooth, glistening,
and slimy colony, they were classified as mucoid (M) if no filaments
were forming [7].

For determining the yield of EPS production, the method of Joshi and
Koijam, (2014) was used with minor modifications [8]. All the isolates
were grown in aMRS medium containing 5% additional sucrose for 24
h at 37 °C. After incubation, 2 ml cultures were taken to different
centrifuge tubes and centrifuged at 8000 g for 10 min for removing
cells. 1 volume of culture supernatant was taken and added to 3
volumes of anhydrous ethanol and stored overnight at 4 °C. After 24 h
of incubation, centrifugation was done, and the volume of the
precipitants was adjusted to the original volume by adding an equal
volume of sterilized distilled water. The total amount of EPS was
determined by the presence of carbohydrates in the precipitate.

Carbohydrate determination was done by the phenol-sulfuric acid
method, glucose was taken as standard. Reagents were prepared
according to Tamboli et al. (2020) [9]. 100 mg glucose was taken in a
test tube, and to this 5 ml 2.5 N HCl was added. The tube was kept in
a hot water bath for 3 h at 100 °C. After boiling, the tubes were kept
for cooling down at room temperature. To this, a sufficient amount
of solid sodium carbonate (Na,Cos;) was added till foam formation
stopped. This indicates complete neutralization. The solution was
filtered, and the volume was made up to 100 ml. This was used as a
standard 100 mg/ml. 0.2, 0.4, 0.6, 0.8, and 1 ml were pipetted out for
making working standards in different test tubes.

Working standards volumes were made up to 1 ml by adding 0.8, 0.6, 0.4,
0.2, and 0 ml of distilled water in respective tubes. 1 ml of phenol was
added to each tube. To this, 5 ml of 96% H,S0O, was added to each tube
and mixed well. For blank, all reagents were added except the sample
solution. Tubes were left at room temperature (25-30 °C) for 15-20 min.
In a hot, acidic environment, glucose dehydrates into hydroxymethyl
furfural. This complex produces an orange-colored phenol product. This
can be measured in a spectrophotometer at 490 nm.
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Motility assay for the isolated lactic acid bacteria

The motility of the isolates was evaluated using Sulfur, Indole, and
Motility (SIM) medium. The medium was prepared according to
HIMEDIA® protocol, with the listed ingredients.

Overnight grown isolates were taken and inoculated using a sterile
needle by stabbing inoculated into the semisolid agar tubes and kept
in the incubator for 48 h at 37 °C. After the incubation period, the
tubes were checked for motility. For motile bacteria, they will spread
throughout the tubes, whereas non-motile bacteria will only be
present throughout the stab line.

Bile salt tolerance

The ability of the bacterial isolates to grow in the presence of bile
salt was determined according to the method provided by Vinderola
and Reinheimer (2003) with slight modification [10]. Modified MRS
broth was prepared by adding different bile salt 0.06, 0.12, 0.25, 0.5,
and 1.0 % (w/v) concentrations in the medium. After inoculation,
cultures were kept in an incubator at 37 °C for 24 h. After the
incubation period, the optical density of each tube was measured at
Agoonm, and an uninoculated tube was set as blank in each case.

Acid tolerance test

The ability of the bacterial isolates to grow in the presence of an
acidic medium and basic medium was determined by adjusting the
pH of the MRS broth with 1N HCl and 1N NaOH. pH was adjusted to
5,7, and 8. In each case, uninoculated broth served as a control. After
pH adjustment, media were sterilized and inoculated with fresh
bacterial samples. After inoculation, tubes were kept in a shaker
incubator at 37 °C for 24 h. After the incubation period, optical
density at 600 nm was measured.

Siderophore production assay

The Chrome Azurol S (CAS) reagent was prepared as per the
protocol given by Schwyn and Neilands (1987) [11]. In short, 60.5
mg of CAS reagent was dissolved in 50 ml of distilled water, and 50
ml of 1 mmol FeCl;.6H,0 solution was prepared in 10 mmol HCL
This solution was added to 50 ml of Cetyltrimethylammonium
Ammonium Bromide (CTAB). CTAB solution was prepared by
adding 91.125 mg CTAB in 50 ml distilled water. The CAS-CTAB
solution was sterilized before use, and the pH was also adjusted.

Qualitative and quantitative assays were performed according to the
modified method provided by Qing-Ping Hu (2011) [12]. 90 ml LB
and MRS broth were taken separately, and in each conical 10 ml CAS
reagent was added to prepare CAS-agar plates. Five bacterial strains
were spot inoculated as well as line inoculated in each plate. After
inoculation, plates were wrapped properly with parafilm and kept in
an incubator at 28 °C for 72-96 h. After the incubation period,
orange zone formation around the bacterial colonies was checked.

For the quantitative assay, 1 ml of 24-48 h grown fresh culture was taken
in a 1.5 ml centrifuge tube and centrifuged at 10,000 x g for 10 min. After
centrifugation, the pellet was discarded, and the supernatant was used
for further use. 0.5 ml of each bacterial supernatant was taken in
different centrifuge tubes, and 0.5 ml of CAS reagents was added to each
tube. Culture supernatant and CAS reagent were mixed properly and
incubated at room temperature for 20 min. After the incubation period,
the optical density of each tube, including the blank, was taken at 630 nm
(CECIL CE 7200, Spectrophotometer). This experiment was done in
triplicate for accurate results. Siderophore produced by strains was
measured in percent units (PSU), which was calculated according to the
following formula [13]:

(Ar—Ag) X 100

Siderophore production (PSU) = "

Where A, = absorbance of reference (CAS solution and uninoculated
broth), and Ag= absorbance of the sample (CAS solution and cell-free
supernatant of the sample).

Biofilm formation assay

The study of biofilms was conducted using the methodology
developed by Alshaikh et al. 2024; Coffey and Anderson 2014 with
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minor modifications [14, 15]. Initially, LAB isolates were grown
overnight in separate MRS broths at 37 °C in shaking conditions.
Next day OD¢, was measured for each sample and adjusted to 0.05
according to the McFarland standard (1.5 X10° CFU/ml). After
standardization, samples were diluted in a new 2 ml centrifuge tube,
in a 1:100 ratio, using blank MRS broth to 100-fold dilution. From
the diluted samples, 200pl* were transferred to a sterile 96-well
microtiter plate. Each sample was done in triplicate to get more
accurate results and for statistical analysis. A row of the plates was
poured with MRS broth without any culture inoculated to set it as
blank. The plate was covered with parafilm properly and placed in
an incubator for a 96 h period at 37 °C After the incubation period,
the media was carefully discarded using a 200ul pipette; while
discarding the media, one should pay attention to the biofilm. After
discarding the media, wells were washed with distilled water and
discarded properly. After a few minutes, 125pl of 0.1% crystal violet
was added to each well and waited for 10 min. Crystal violet was
discarded and washed with distilled water. Then, the plate was left
overnight outside at room temperature for air drying. The next day
125pl of 30% glacial acetic acid was added to each well for proper
biofilm solubilization and waited for 10 min. After 10 min, optical
density was measured at A,9onm in a microtiter plate reader. Blank
was to the well in which only fresh media was added. Biofilms were
observed in an inverted microscope at 50x, 100x, and 400x
resolution. Images were captured for the record. The absorbance of
the tested isolates was measured at A,qonm, and OD,, values
0f<0.12 were considered biofilm negative; OD,q, values between
0.12 and 0.24 were categorized as weakly adherent and
0D,qovalues>0.24 were categorized as strongly adherent [16].

DNA extraction and 16S rRNA amplification of the lactic acid
bacterial genome

Bacterial genomic DNA was extracted from isolated bacterial strains
using the HiPurA® bacterial genomic DNA purification kit (HIMEDIA®)
following the manufacturer’s protocol with fewer modifications. DNA
presence was confirmed by 1.2% (w/v) agarose gel electrophoresis and
visualized using Gel Doc™XR* System, Bio-Rad, USA. The quality of the
DNA was achieved and checked wusing a NanoVue™ Plus
Spectrophotometer (GE Healthcare Life Sciences, Sweden).

After extraction of genomic DNA, PCR amplification was done using
universal primers, 27F (5'AGAGTTTGATCMTGGCTCAG3") and
1492R (5'ACGGYTACCTTGTTACGAC TT3') and incorporated in a 30
ul** PCR reaction mixture. The reactions were performed on a Gene
Amp PCR system 9700 (Applied Biosystems, USA).

Sequencing data and phylogenetic tree analysis

Amplified 16S rRNA samples were sequenced at BIOLOZIK,
Corporation, Assam for phylogenetic analysis. Sequencing was done by
using the Sanger dideoxy sequencing method. Nucleotide sequences
obtained as FASTA files were subjected to homology analysis based on
16S rRNA-targeted sequences by performing a BLAST search against a
database of validly published prokaryotic-type strains [17]. The highly
related sequences homologous to the query were selected and
multiply aligned via the ClustalW tool in MEGA v 11.0 software. An
unrooted phylogenetic tree was constructed with a neighbor-joining
algorithm set at 1000 bootstrap replications to illustrate the
phylogenetic relationship between the given bacterial isolates [18].

Primer designing for the determination of -lactamase genes

It was found that PC1 is one of the most common B-lactamase genes
present in Gram-positive bacteria [19]. In the National Centre for
Biotechnology Information (NCBI), gene sequences were searched
and chosen for primer design. Primer designing tools were used for
designing the forward and reverse primers. Furthermore, primers
were verified by using PCR primer statistics tools.

RESULTS
Gram staining and biochemical test results

It was found that all the selected isolates were Gram-positive in
nature. All the isolates show similar kind of results for biochemical
tests. All of the isolates showed negative results for both catalase
and oxidase test.
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Antimicrobial susceptibility test

The selected bacterial isolates were spread over Muller Hinton agar
plates and following B-lactam antibiotic disks were placed for
susceptibility testing; Methicillin (MET 10), Cephalothin (CEP 30),
Ceftazidime (CAZ 30), Piperacillin/Tazobactam (PIT 100/10),
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Carbenicillin  (CB100), Ampicillin (A25), Penicillin-G (P10),
Aztreonam (AT30), Imipenem (110), Meropenem (MRP10).

After the incubation period, in most of the cases, they showed
resistance against antibiotics, and in a few cases, they showed
sensitivity (table 1) according to CLSI guidelines [20].

Table 1: Antibiotics susceptibility as inhibition zone (mm) for the selected isolates from Tungtap and Lungsiej samples

Isolate name  MET 10 CEP30 CAZ30 PIT 100/10  CB100 A25 P10 AT30 110 MRP10

TT1 R R R 19.17+#0.033 R R R10 R 39.20+0.058  33.10+0.058

TT2 R R R R R R R R R R

TT3 19.23£0.033  36.23x R 26.17£0.033 R R R 20.03+ 0.1 37£0.1 30.13£0.167
0.088

TT4 R R R R R R R R R R

TT5 R R R 23.17£0.207 R R R R R R

TT6 21.17+0.081 R R R 20.3x0.115 R R 22.240.058  39.1+0.209 34.37+0.033

TT7 R R R R R R R R R R

TT8 R R R R R R R R R R

TT10 R R R R R R R R R R

BS1 R R R R R R R R 26.99+0.115 R

BS2 R R R R R R R R R R

BS3 R R R R R R R R R 15.1+0.209

BS4 R R R R R R R R R R

BS5 R R R R R R R R R R

R= Resistance against the selected antibiotic; numerical values are inhibition zone in mm. These values represent the mean+SEM values of the

inhibition zones found after an incubation period, n =3.

Antibacterial activity of selected lactic acid bacterial isolates

Following selected isolates TT2, TT4, TT10, BS2, and BS5 were
chosen for this experiment. After incubation, no significant
inhibition zone was found in all cases. This indicates selected

isolates have no antibacterial activity against MTCC cultures,
namely, Staphylococcus aureus M96, Bacillus subtilis M441,
Escherichia coli M730, Klebsiella pneumoniae M109. Against
Escherichia coli M730, four isolates showed a very small inhibition
zone (fig. 1).

Fig. 2: Co-culture studies of lactic acid bacteria isolates and Escherichia coli on modified Luria-Bertani (LB) agar plates with different salt
concentrations (a), selected medium growth for pure culture isolation of Escherichia coli (b)
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Co-culture of isolated lactic acid bacteria and Escherichia coli
DH5a cells

Selected bacterial isolates TT2, TT4, BS2, and BS5 were chosen
and grown with Escherichia coli DH5a cells at different salt
concentrations (2%,4%,6%). After growing them together a
loopful culture was taken and grown in Eosin Methylene Blue
(EMB) agar for pure culture isolation. No metallic shinning was
found in the grown isolates on EMB agar, which indicates the
absence of Escherichia coli (fig. 2).

Hydrophobicity and auto-aggregation properties of the selected
isolates

The cell surface hydrophobicity of these strains varied from 33.7-
44.2%. TT10 exhibited higher surface hydrophobicity compared to
others ~44.27%, whereas TT2, TT4, BS2, BS5 showed 35.37%,
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37.725%, 33.75%, 36.64% respectively. The variation in
hydrophobicity among the strains can be attributed to the diverse
structural and chemical composition of bacterial surfaces, including
unique hydrophobic amino acids, polysaccharides, and other cell
surface components. All the selected bacterial isolates show almost
similar percentages of auto-aggregation activity ~94% (fig. 3).

EPS yield determination
Qualitative yield determination

For the selected isolates, both qualitative and quantitative EPS
production were measured. All the selected isolates show qualitative
results between R* —R3*range (R*:0— 10mm,R?**: 11-20 mm,
R3*: 21-30 mm). TT2 showed the highest yield or highest ropiness
~23 mm, and TT10 showed the lowest ropiness properties ~10 mm.
TT4, BS2, and BS5 showed 11 mm, 20 mm, and 21 mm respectively.
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Fig. 3: Hydrophobicity and auto-aggregation activity of the selected five LAB isolates. Bars show the mean of independent biological
replicates+SEM, n =3

Quantitative yield determination

For quantitative yield absorbance values (A,4,) were compared with
the standard glucose curve. All the isolates showed a yield of
approximately 28-34ug/ml in the presence of 5% added sucrose in
the medium. Without adding an extra amount of sucrose, also
measure, and only 6.23 pg/ml yield was obtained. From the glucose
standard curve, the following equation was obtained to determine
the unknown carbohydrate concentration present in the selected
isolates. Y= 0.0452X+0.027 Correlation coefficient (R?) = 0.9986. All
the values were taken in triplicate. TT2 had the highest yield or
highest concentration ~34.322pg/ml, while TT10 showed the lowest
concentration 28.262pg/ml. TT4, BS2, and BS5 showed
29.550pg/ml, 30.935 pg/ml, and 32.290pg/ml respectively.

Motility test

The motility of the isolates was evaluated using soft motility agar. All
the tested isolates were non-motile in nature. Non-motile nature
was confirmed by comparison with a positive control. Non-motile
isolates were able to grow only through the stab line, while as in the
case of motile bacteria; it spread all over the tube.

Bile salt tolerance of the selected isolates

The effect of five LAB isolates (TT2, TT4, TT10, BS2, BS5) exhibits
diverse levels of resistance to bile salts, which is crucial for their
survival and functionality as probiotics in the gastrointestinal tract.
In this study, we found the selected isolates are resistant to up to 1%
bile salt. All the isolates show significant growth in the presence of
different bile salt percentages (w/v) (0.06%,0.12%,0.25%,0.5%, and
1.0%). BS5 shows the highest optical density at Aqq, value at 1%
concentration; 0.790, while TT10 shows the lowest optical density at
Aeoo; 0.185. In lower bile salt concentrations, all the isolates show
similar kinds of optical density at A¢qq 2.25-2.42.

Acid tolerance test

All the selected isolates were able to grow in both acidic and basic
conditions. In pH 3, pH 5, and pH 8, all the isolates show notable
growth. No significant difference was found in all cases.

Siderophore production and estimation of the selected isolates

For quantitative determination, the appearance of orange-colored zones
around bacterial colonies in the CAS agar plates indicates siderophore
production by the selected LAB isolates. In this study, all bacterial strains
tested positive for the siderophore production. Among them, TT10
exhibited the highest siderophore production. The siderophore
production was roughly estimated based on the size of the halos formed
on CAS agar plates. However, the CAS agar method provides only a rough
estimate and is not ideal for precise quantification. Therefore,
quantitative estimation of siderophore production was performed using
liquid culture media and the CAS reagent.

Quantitative determination of siderophore production of the selected
isolates was obtained by measuring their optical density value at
Agzonm. The OD value was measured in two different intervals, one after
24 h incubation and another after 48 h of incubation. Among all the
isolates, TT10 showed the highest siderophore production in both cases
after 24h and 48 h. After 24 h the percentage of siderophore production
was 15.8+0.3000, 31.86+0.0949, 35.36+0.1, 17.86+0.03, and 16.89+0.08
PSU for TT2, TT4, TT10, BS2, and BS5 respectively. After 48 h the results
were 24.56+0.2912, 35.68+0.3095, 38.477+0.2, 21.34+0.2, and
17.88+0.1PSU respectively. In each case, siderophore production was
found higher in 48 h than in 24 h.

Biofilm formation capacity

A qualitative assay for the biofilm formation was done using
microscopic visualization after staining with crystal violet. The
optical density of the selected isolates was measured at 490 nm and
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found to be 0.142+0.0018, 0.115+0.0011, 0.118+0.0012,
0.458+0.0015, and 0.24+0.0016 for TT2, TT4, TT10, BS2, and BS5,
respectively. From the compared value, it was found two isolates
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(TT4, TT10) can be considered biofilm negative, one isolate was
weakly adherent (TT2), and the other two isolates (BS2, BS5) were
found strongly adherent (fig. 4).

w
OD at 490nm

TT2 TT4 TT10 BS2 BSS

Bacterial isolates

Fig. 4: Biofilm formation qualitative assay; 1a,1b,1c represent microscopic visualization of the biofilm, 2a represent positive control, 2b
represents a sample, 2c represents negative control 96-well titer plate images, B4 represents the biofilm formation after incubation
period without any treatment, 3 represent the optical density of the selected isolates at 490 nm for measuring biofilm formation (a-e

show significant differences between each other). Bars show the mean of independent biological replicates+SEM, n =3. Statistical
significance was determined using a one-way ANOVA test. A significant difference was found among means (P<0.05)

Genomic DNA and 16S rRNA isolation of the selected LAB
isolates

This study evaluated DNA extraction of different lactic acid bacteria
isolated from locally available fermented food; tungtap and lung-siej.
After DNA extraction using HiPurA® bacterial genomic DNA
purification kit (HIMEDIA®), eluted DNA was run in agarose gel
electrophoresis and visualized in imaging software (Gel Doc™
XR+system, Bio-Rad, USA).

From the extracted genomic DNA, 16S rRNA of the selected
isolates was isolated by using a thermal cycler; after isolation,
samples were run in 1.2% agarose gel electrophoresis and then
visualized by using Bio-Rad imaging software. A known 1kb
marker was used for the comparison study, as 16S rRNA sizes
are generally around 1600 bp in size. The amplicons appear
between 1000-2000 bp, which suggests appropriate size
separation for the gene (fig. 5).

200 I':)‘[j;p

Fig. 5: (a) Genomic DNA visualization in Bio-Rad imaging software, (b) PCR amplified product of the 16S rRNA of the isolates from tungtap
and lung-siej samples

Sequencing data analysis and phylogenetic tree analysis

Sequencing was done from BIOLOZIK Corporation, Guwahati, Assam.
The isolates were subjected to a nucleotide BLAST similarity search
processed against related bacterial lineage sequences in the
EZBiocloud  database  (https://www.ezbiocloud.net/resources).
Phylogenetic analysis based on 16S rRNA sequences helped in
confirming the identity of the isolates up to their species level. The
analysis confirmed the sequence identification, showing 97-99%
sequence similarity to their nearest match homologs. The highly
related sequences homologous to the query were selected and
multiply aligned via the ClustalW tool in MEGA v 11.0 software (fig. 6).
Majorly, Lactiplantibacillus sp. was found in both tungtap and lung-siej
samples while Ligilactibacillus sp. was found in tungtap samples.

The gene sequences were deposited in the NCBI Gene Bank
database, and accession numbers were obtained. The sequence
length and gene identity percentage were recorded and tabulated
(table 2).

PCR amplification of selected f-lactam resistance genes

Polymerase chain reaction was done with the designed primers;
same protocol was followed here, which was previously followed for
16S rRNA isolation. A clear band was found above 1000bp, around
the 1053 base pair (fig. 7), which suggests the presence of PC1 3-
lactamase in the tungtap isolates. This suggests the presence of the
gene, but further purification and sequencing are required for
confirmation.
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Streprococcus thermophilus NR 042778.1

Fig. 6: A phylogenetic tree of bacterial isolates from tungtap and lung-siej samples with their nearest homologs based on 16S rRNA
sequence similarity

Table 2: Molecular identification of bacterial isolates from tungtap and lung-siej samples

S. No. Isolates Identified as Accession No. Length (bp) %Gene identity
1 RGhTT2 Lactiplantibacillus pentosus PQ008573 1470 97.61
2 RGhTT3 Ligilactobacillus pobuzihii PQ008574 1374 99.78
3 RGhTT4 Lactiplantibacillus pingfangensis PQ008575 1478 98.67
4 RGhTT7 Ligilactobacillus acidipiscis PQ008576 1212 99.01
5 RGhTT10 Lactiplantibacillus argentoratensis PQ008577 1345 99.93
6 RGhBS2 Lactiplantibacillus pentosus PQ008578 1356 100
7 RGhBS5 Lactiplantibacillus pingfangensis PQ008579 1475 98.66
Fig. 7: PCR amplified product of PC1 B-lactamase gene [amplicon size ~ 1053bp]
DISCUSSION according to CLSI guidelines. Mostly LAB is recognized as GRAS or

The present study aimed to isolate and characterize LAB isolates from
locally available fermented products; fermented fish (Tung tap) and
fermented bamboo shoots (Lung-seij), assessing their probiotic
properties and various functional properties, and antibiotic resistance
properties specifically against 3-lactam antibiotics. The findings from
this comprehensive analysis provide valuable insights into the
probiotic capabilities and genetic characteristics of these LAB isolates.

A total of sixteen LAB isolates were chosen from the locally available tung
tap and lung-siej samples based on their morphological, biochemical
characterization, and antimicrobial susceptivity assay results. All the
isolates show similar kinds of biochemical test results. Based on these
characteristics, a total of five isolates were chosen, three from Tung tap
(TT2, TT4, TT10) and two from lung-siej (BS2, BS5) samples.

The antimicrobial susceptibility test revealed that all the selected
LAB isolates were resistant to most of the tested f-lactam antibiotics

Qualified Presumption of Safety (QPS); however, there is a
possibility that these strains could become reservoirs for
antimicrobial resistance genes [21, 22].

The ability to survive in the gastrointestinal tract condition is one of
the most important features to consider when selecting a probiotic
[23]. In this study, the pH of 6.6, 3.0, and 8.0 correspond to the oral
cavity, stomach, and large intestine, respectively, and bile salt in the
small intestine was evaluated (0.3% and 0.6% (w/v)) [24].
Moreover, they were even tolerant to 1.0% of bile salt too. All five
strains were tolerant to all the tested pH levels and bile salt. The
different methods each strain employs to tolerate pH and bile salts
are unique to each strain and may be the reason for their survival in
the gastrointestinal system. For instance, Lactobacillus sp. employs
different mechanisms like proton pump, membrane lipid content
modification, biofilm formation, and aiding in auto-aggregation to
survive in different extreme conditions [25, 26].

48



Auto aggregation is a desired characteristic for probiotics as it
ensures that they reach the intestine in high numbers, protecting
them from stress conditions. This property enables probiotics to
interact with the host, adhere to and colonize the Gastrointestinal
Tract (GIT), and exert beneficial effects, such as inhibiting the
growth of potential pathogens [27]. According to Cisneros et al
(2021), auto-aggregation percentages equal to or lower than 10%
indicate that the strain is unable to auto-aggregate [28]. In contrast,
strains with a percentage higher than 10% can naturally auto-
aggregate. In this study, all five isolates exhibit around 94% auto-
aggregation values.

Hydrophobicity in probiotics is related to the interaction between the
bacterial surface and intestinal epithelial cells. This property is
dependent on non-polar molecules in the membranes and cell walls,
such as glycoproteins and polysaccharides [29]. Hydrophobicity is an
indirect estimate of successful adhesion and colonization, allowing
characterization of the surface’s ability to interact with the mucosa and
intestinal cells, but it's not a prerequisite for string adhesion [30]. In
this study, it was found all the strains showed hydrophobicity varied
from 33.7% to 44.2%, where TT10 showed the highest among them.

Visual screening of colonies on a solid culture medium is a common
method for detecting EPS production. EPS production is dependent
on carbon and nitrogen sources, with additional sucrose in the
media promoting growth in screening EPS-producing colonies [31].
In this study, TT2 was the highest EPS producer in phenotypic
measurement of ropiness formed. In the quantitative study, the
selected isolates showed 28-34 pg/ml EPS yield through phenol-
chloroform assay.

Siderophore production is another vital trait for probiotics, which
play a significant role in their survival and competitive advantages in
various environments, including the human gut. In the case of
probiotic strains, siderophore production enhances their ability to
compete with pathogenic strains for iron, thereby inhibiting the
growth of these harmful microorganisms. In this study, we found
that the highest siderophore producer was approximately 38.4 PSU.
Alshaikh et al. (2024) found in their study that 65% of isolates that
displayed iron chelation using the CAS assay and those siderophore-
producing isolates were significantly more resistant to B-lactam
antibiotics, chloramphenicol, and ciprofloxacin [14].

Understanding the relationship between biofilm formation and
antibiotic resistance is critical for developing preventive measures
for biofilm-associated infections. Numerous studies found
inconsistent results regarding the relationship between biofilm
formation and antimicrobial resistance [32]. In this also a significant
negative correlation was detected between antibiotic resistance and
biofilm formation. TT4 and TT10 demonstrated high resistance to
tested antibiotics, but biofilm formation showed negative results.
TT2 formed a weak biofilm but showed high resistance properties
against tested (3-lactam antibiotics.

Sequencing and phylogenetic studies reveal that most of the lactic
acid bacterial strains are from the genus Lactipintibacillus, and some
are from Ligilactibacillus sp. Lactipintibacillus is widely used in the
food industry for its functional properties, like improving the
nutritional and sensory quality of fermented foods, maintaining
eubiotics of the host’s gut microbiome, etc. [33]. Ligilactibacillus sp.
are mainly found in vertebrate hosts. Some species are also present
in fermented foods and are industrially exploited as starters or
probiotics. Ligilactobacillus  acidipiscisis commonly found in
fermented fish [34].

The polymerase chain reaction of the designed (-lactamase genes
(blaTEM, PC1) gives us a rough idea regarding their presence in the
isolated strains, as the gel electrophoresis images show a light band
for the selected genes.

CONCLUSION

In this study, we found that the isolated strains from fermented fish
and bamboo shoot samples showed potential probiotic properties.
All the isolates were able to grow under different stress conditions
like temperature (25-45 °C), pH (3.0-8.0), and salt concentration (up
to 8% v/w). This indicates the isolates are good probiotics and
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opens up the possibility of using them as starter cultures. The
bacterial isolates described in the present study were resistant to all
of the selected B-lactam antibiotics. Interestingly, the isolates did not
show any antimicrobial activity against the selected pathogenic
strains. Though there is a relation between biofilm formation and
antibiotic resistance, in the present study, a mixed observation was
made with some isolates having prominent biofilm formation as well
as non-biofilm-forming isolates that also showed resistance against
the selected B-lactam antibiotics. Further study is required to
establish whether the isolates are transmitting their antimicrobial
resistance genes during co-culture under different stress conditions
and transportation.
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