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Abstract

Lactobacillus and yeast obtained from fermented foods in North-East India were tested for safety and probiotic properties.
All the lactobacilli and yeast tested negative for the catalase, indole, urease, phenylalanine, hemolysis, gelatin hydrolysis,
and biogenic amine production tests, indicating that they are safe to use as probiotics in food supplements. Lactiplantiba-
cillus plantarum KGL3A (accession no. MG722814) was capable of resisting the replicated gastric fluid (pH 2) till 2 h of
exposure, whereas both KGL3A and Lacticaseibacillus rhamnosus K4E (accession no. KX950834.1) strains were able to
resist pH 3 till 2 h of exposure with a reduction in overall viable cell count from 7.48 log CFU/mL to 1.09 log CFU/mL and
7.77 log CFU/mL to 0.83 log CFU/mL, respectively. In vitro gastric juice simulation conditions were tolerated by the yeast
Saccharomyces cerevisiae WBS2A. The cell surface hydrophobicity (CSH) towards hydrocarbons (n-hexadecane) was seen
highest in L. plantarum KGL3A (77.16+ 0.84%) and Limosilactobacillus fermentum KGL4 accession no. MF951099 (72.60
+ 2.33%). The percentage auto-aggregation ranged from 8.70 to 25.53 after 2 h, which significantly increased to 10.50 to
26.94 during the fifth hour for cultures. Also, a higher percentage of co-aggregation was found for the culture L. rhamnosus
K4E with S. typhi (34.18 + 0.03%), E. coli (32.97 + 0.02 %) and S. aureus (26.33 + 0.06 %) and for the yeast S. cerevisiae
WBS2A, a higher percentage of co-aggregation was found with Listeria monocytogenes (25.77 + 0.22%). The antioxidant
activity and proteolytic activity were found to be higher for Lactobacillus helveticus K14 and L. rhamnosus K4E. The propor-
tion of decreased cholesterol was noticeably higher in KGL4 (29.65 + 4.30%). p glucosidase activity was significantly higher
in the L. fermentum KGL4 strain (0.359 + 0.002), and o galactosidase activity was significantly higher in the L. rhamnosus
KA4E strain (0.415 + 0.016). MTT assays suggested that KGL4 and WBS2A at a lower dose did not exhibit cytotoxicity.
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Introduction

Responsible Editor: Mariza Landgraf Since ancient times, traditional fermented foods have been

widely consumed and have played a significant role in our
nutrition. It can be prepared at home or in a small business
setting, utilizing relatively basic methods and tools [1]. Lac-
tic acid bacteria (LAB) from several fermented products are
highly regarded for their probiotic properties. Novel LAB
strains with probiotic potential may be stored in fermented
foods [2]. Probiotics have traditionally been believed to be
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best delivered by fermented foods [3]. The Lactobacillus
genus is found in a variety of environments, along with fer-
mented foods, leaf, and various body parts of the plant also.
Normal human gut microbiota is primarily composed of lac-
tobacilli, and some commensal species of these organisms
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have drawn attention for their favorable health impacts on
the host [4]. In 2001, a definition of the probiotic was put
out: “a preparation or product that contains enough viable,
specified microorganisms to modify the microbiota in a
compartment of the host and improve host health” [5]. Com-
mercial uses of probiotic bacteria of human origin include L.
rhamnosus GG, Lactobacillus acidophilus LA-1, and Lac-
ticaseibacillus casei Shirota. LAB have been extensively
studied in the last few decades for their ability to benefit
human health, and it has been discovered that they build
desirable gut microflora, thus being “generally regarded as
safe” [6]. There are many uses for probiotics, one of which
is the treatment of acute diarrhea [7]. Through fermentation
and the probiotics' ability to reproduce in the gastrointestinal
system, which releases lactase, probiotics are also used to
reduce the amount of lactose in dairy products [8]. Stud-
ies have demonstrated that Lactiplantibacillus plantarum
(KGL3A, accession no. MG722814) in fermented foods
has antioxidant activity and antibacterial activity against
certain pathogens such as S. typhimurium, E. faecalis, B.
cereus, and E. coli. There have been numerous reports of L.
plantarum strains producing the antibacterial compounds
(bacteriocins) known as plantaricins. These substances have
been demonstrated to be particularly potent against gastro-
intestinal infections and food-borne diseases while having
widely varied activities and structures [9]. Probiotics have
been proven in numerous studies to have negative impacts on
the growth of harmful bacteria. The synthesis of inhibitory
compounds like reuterin, bacteriocin, and hydroxyl radicals
may be the cause of this adverse effect [10]. Currently, the
yeast species Saccharomyces cerevisiae and Saccharomyces
boulardii are employed as probiotics. It has been observed
that supplementing S. cerevisiae as a live culture in animals
improves their growth, health, and immunological response.
However, specific considerations are needed when isolating
and classifying yeasts from natural sources as probiotics.
According to a recent study by Hati et al. [11], supplement-
ing broilers with L. fermentum (accession no. MF951099)
and S. cerevisiae (accession no. MG101828) accelerated
growth, hematological characteristics, clinical biochemistry,
and cecal and fecal microflora, and potential probiotic yeast
and lactic acid bacteria maintain the gut health and devel-
opment of broiler chicks during the 42 days study periods.
Study on the interactions of two kefir-isolated strains
in an in vitro model revealed that various Lacticaseibacil-
lus paracasei H9, (CGMCC NO.4780) traits improved the
interaction with S. cerevisiae. This might be because of the
polysaccharides in yeast cell walls and the proteins on bac-
terial cell surfaces, which are key components in the vari-
ous probiotic capacities [12]. This beneficial relationship is
typically linked to the yeast’s excretion of nutrients, namely
peptides, amino acids, and vitamins [13]. This shows that
yeast metabolites were crucial in improving L. rhamnosus
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survival. Fermented foods have well-known anti-inflam-
matory properties [14]. Probiotic fermented food is a fac-
tor in some of their beneficial properties [15]. Probiotics’
anti-inflammatory and immunomodulatory effects, which
extend beyond the gut, have been linked to a variety of
health advantages [16]. Consuming fermented foods con-
taining probiotics can improve gut immunity and gut barrier
integrity while maintaining gastrointestinal homeostasis [17]
via several mechanisms, including the reduction of inflam-
mation-promoting cytokines like IL-17F, IL-23 and Th17,
antimicrobial peptide synthesis activation, and mucus secre-
tion. In a study, L. plantarum Q7, L. plantarum F3-2 and L.
plantarum YRLAS showed no negative effect or cytotoxicity
on growth of RAW 364.7 and Caco-2 cells and also, sup-
pressed the production of NO induced by LPS in RAW 264.7
cells and increased anti-inflammatory ability by inhibiting
tumor necrosis factor-a (TNF-a) and Interleukin-18 (IL-1)
[18]. L. fermentum KGC1601 showed marked anti-inflam-
matory activity by regulating the expression of inflammatory
cytokines. Overall, LPS treated media of culture L. fermen-
tum KGC1601 decreased the expression of IL-1, IL-6 and
TNF-a [19]. According to research three indigenous yeast
strains of S. cerevisiae namely TA4-10, LL1 and 4LBI-3
showed nontoxic effect on U937/PMA macrophage cell lines
and showed potential anti-inflammatory activity by reduc-
ing the levels of reactive oxygen species superoxide anion
radical and nitric oxide [20]. Studies have demonstrated that
the polyphenolic substances in fermented foods promote the
formation and metabolism of the microbiota and have the
capacity to suppress inflammatory responses and prevent
the production of inflammatory cytokines [21]. Given the
mounting evidence for the essential function of fermented
foods in illness prevention or health promotion [22], the cur-
rent study’s goal is to assess the reduction of inflammation
of Lactobacillus and yeast isolated from fermented foods
of North-East India, as well as their safety and probiotic
attributes for future application in functional fermented food
developments with particular health aspects.

Materials and methods
Bacterial strains

Four LAB namely L. plantarum (KGL3A, acces-
sion no. MG722814), L. fermentum (KGL4, acces-
sion no. MF951099), L rhamnosus (K4E, accession no.
KX950834.1), Lactobacillus helveticus (K14, accession
no. KU644578.1) and one yeast strain namely S. cerevi-
siae (WBS2A, accession no. MG101828) isolated from
traditional fermented foods of Garo Hills, Meghalaya,
North Eastern part of India were considered for analyzing
their safety aspects, probiotic attributes, techno-functional



Brazilian Journal of Microbiology (2023) 54:2073-2091

2075

properties and in vitro cell culture study. Safety tests of all
the strains were carried out namely Gram’s staining, nega-
tive staining, catalase test, indole test, urease test, pheny-
lalanine test, hemolysis test, gelatin hydrolysis test, mucin
degradation test, and biogenic amine production.

Safety aspects

Various safety aspects of Lactobacillus cultures and yeast were
evaluated. Gram’s staining was carried out using the principles
given by Smith and Hussey [23]. Catalase test [24] was per-
formed in a test tube containing 5 mL of 24 h old growth of
culture. Five drops of 10% H,0, were added in the test tube
and observed for the appearance of effervescence. The presence
of effervescence in the test tube was considered positive result
for the test. Indole test with slight modification [25] such as,
tubes containing tryptophan broth (5ml) was prepared. 1 mL of
active culture was inoculated to tryptophan broth. Tubes were
incubated at 37 °C for 24 h. Escherichia coli ATCC 43888 was
used as a positive control. After incubation, 2-3 drops of Kovac’s
reagent (Himedia, India) were added. Formation of cherry red
ring was considered as a positive indole reaction. Urease test
[26] was performed in SmL of Stuart’s Urea Broth inoculated
with 24 h old pure culture. Proteus vulgaris ATCC6896 was
used as positive control. The tubes were incubated at 37 °C for
24 h and further observed for a color change. Urease production
was indicated by a bright pink color. Phenylalanine test [27]
was performed in Phenylalanine agar (Sigma-Aldrich, USA)
slants. Loop full of active culture was streaked on the slant and
incubated for 37 °C for 24 h. P. vulgaris ATCC6896 was used
as positive control. After incubation five to ten drops of 10.0%
ferric chloride (LOBA-chemie, Mumbai, India) were dropped
on the slant agar. When the test tube turned green within 1 to 5
min, it was regarded as a positive reaction. Hemolysis test [28]
was followed with certain modifications such as, sheep blood
agar (Himedia, India) plates were prepared by incorporating 7%
sheep blood. Loop full of active culture was taken and streaked
over the solidified sheep blood agar medium. Staphylococcus
aureus MTCC 737 was used as positive control. The plates were
incubated at 37 °C for 48 h. After incubation, this agar plates
were examined for signs of f-hemolysis (Clear zone around col-
onies), a-hemolysis (green colored zones around the colonies)
and y-hemolysis (No clear zone). Gelatin hydrolysis test [27]
was performed with slight modifications such as gelatin media
for Lactobacillus strains was prepared by supplementing MRS
broth with 12% gelatin (Himedia, India) and for control organ-
ism, nutrient gelatin was prepared and filled in tubes (10mL).1
mL of inoculum was added to the tubes and incubated at 37 °C
for 7 days. S. aureus MTCC 737 was used as positive control.
The gelatin tubes were removed daily from the incubator and
placed at 4 °C to check for liquefaction. When a liquefaction
reaction occurred at 4°C, it was regarded as a positive reaction.
Mucin degradation test [27] was performed by inoculating 1mL

of active culture each into 10 ml of (i) MRS basal medium con-
taining 0.3% partially purified mucin (type III, Sigma-Aldrich,
USA), (ii) MRS broth containing 1% glucose, (iii) MRS broth
without glucose and (iv) MRS broth containing 1% glucose
and 0.3% mucin. Tubes were incubated at 37 °C for 24 h. After
incubation for 0, 8 and 24 h bacterial growth was assessed by
measuring the absorbance at 600 nm. Biogenic amine produc-
tion [29] was performed by streaking 24 h active culture previ-
ously grown in MRS broth supplemented with 1% L-ornithine
(Sigma-Aldrich, USA) onto decarboxylase agar medium (Hime-
dia, India) and incubated in anaerobic conditions for 4 days at
37 °C. A color change in medium (purple color) indicated an
increase in pH and was considered as positive result.
Antibiotic disc assay [30] determined by Kirby-Bauer disk
diffusion test. Standard antibiotic discs were procured from
Himedia (India) which included Ampicillin (10 pg), Colistin
(10 pg), Tetracycline (30 pg), Nalidixic acid (30 pg) Methici-
lin (5 pg), Rifampicin (5 pg), Erthromycin (15 pg) and Vanco-
mycin (30 pg). MRS agar plates were prepared and 100pl of
active culture was placed over the agar plates and spread over
the solidified agar surface using a sterile cotton swab. After 10
min, the antibiotics disc was carefully placed on the agar by
using a sterile forceps. The plates were incubated for 24 h at 37
°C. After incubation, the diameter of the inhibition zones was
measured using Antibiotic zone scale (PW297, Himedia, India,).

Probiotic attributes

Several probiotic qualities, including bile salt tolerance, gas-
tric juice endurance, intestinal juice endurance, cell hydro-
phobicity, auto-aggregation of cells, and cell co-aggregation
activities of yeasts and lactic acid bacteria, have been tested.

Bile salt tolerance

The lactic acid bacteria and yeast were tested for bile salt tol-
erance in accordance with Patel et al. [31], with a few minor
modifications. A 2% inoculation rate in de Man Rogosa and
Sharpe (MRS, Himedia, India)/Yeast Malt (YM, Himedia,
India) broth for 18 h was used to activate the cultures. After
that, phosphate buffer saline was used to rinse the pellets
twice (PBS), 10 min of centrifugation at 12,000 xg at 4 °C
(Eppendorf Centrifuge, USA), and then suspended in PBS.
To each tube containing 10 mL of MRS/YM broth (Himedia,
India), these suspended cultures were added at a rate of 2%
along with 0.5% bile and stirred. At intervals of 0, 2, and
4 h, 1 mL of sample was taken from each tube while they
were all incubating at 37°C. The samples were homogenized
in 10 mL of sterile water. The number of viable cells was
determined and represented as CFU/mL after the appropriate
dilutions of MRS/YM agar (Himedia, India) were placed on
the plates. The plates were then kept at 37 °C and 25 °C for
incubation, respectively, for 24—48 h.
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Gastric and intestinal juice tolerance

The strains were cultured in MRS broth overnight at 37 °C,
and cells were separated by centrifugation (Eppendorf Cen-
trifuge, USA) at 17,700 xg for 15 min. Lactobacillus cells
(adjusted to 103 CFU/mL) and yeast cells (adjusted to 10°
CFU/mL) were inoculated in simulated gastric juice (NaCl:
0.73 g/L; KCI: 0.05 g/L; pepsin: 0.3 g/L) and pH was adjusted
to 2.0 and 3.0. The cells were then incubated for 0, 2, and 4 h.
Additionally, the survival rate was examined in terms of log
CFU/mL following the isolates' exposure to synthetic digestive
fluid (0.3% w/v bile salts and 0.1% w/v pancreatin, pH 8.0) for
0, 2, and 4 h of incubation. As a control, saline solution that is
sterile (0.85% w/v NaCl), pH 7.0 was then set [32].

Cell surface hydrophobicity (CSH)

A biochemical measure for determining indirect adherence to
the eukaryotic cells in the gut is hydrocarbon adhesion. The
BATH (bacterial adhesion to hydrocarbons) method has been
applied a little differently from Lee et al. [33]. The procedure
for making the bacterial cell suspension in phosphate buffered
saline (PBS) was the same as that detailed in the activity for
bile salt tolerance. PBS was used to adjust the suspended cell
concentration to ODg, 0.5 + 0.070 (A0). A mixture of 4.0
mL of n-hexadecane (Himedia, India) and 4.0 mL of bacte-
rial suspension was vortexed rapidly for 2 min before being
left undisturbed in a 37 °C incubator. The organic and aque-
ous phases were separated for 50 min at room temperature.
The optical density (OD) was calculated after three mL of the
aqueous phase were removed (A1). Using 4.0 mL PBS and 4.0
mL n-hexadecane, a blank was made in the same way as the
test sample, and the OD value was recorded against it. After
repeating the experiment, the average optical density value was
calculated. The calculation was done using the equation below,
the percentage hydrophobicity (%H):

A0 — Al

*H = (79

) % 100

Where,
AO : Initial O.Dgg

A1l : Final O.Dg,

Cell auto-aggregation

According to Kodaikkal [34], the cultures’ auto-aggregation
experiment was conducted. The technique for making the
bacterial suspension was the same as that for the bile salt
tolerance test. Bacterial cell suspension (4 mL) was vortexed
for 1 min to mix, and the auto-aggregation was monitored
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for 5h at 37 °C. After removing 0.1 mL of the upper phase,
the optical density was measured for 0, 2, and 5 h at 600 nm.
The reading recorded at Oh is A0, followed by readings of
A2 and AS. The following equation serves as the basis for
measuring the percentage auto-aggregation (%Aa):

%Aa=1— <%)x100

Where,
AO : intial ODgy, at 0 h

A2 : subsequent ODg, at 2,5 h.

Cell co-aggregation

Co-aggregation was carried out with slight modifications
to Kodaikkal [34] procedures. Bacterial suspension was
prepared as per the procedure mentioned in the bile salt tol-
erance activity. Equal amounts of the pathogenic bacteria
and LAB strains (2 mL each) were placed in test tubes, vor-
texed for 10 s, and incubated at 37 °C for 2 h. Control tubes
containing 4 mL of each specific bacterial strain were also
included in the experiment. Readings at 600 nm were taken
spectrophotometrically after 2 h, and the findings were dis-
played as percent co-aggregation (% Co). The formula used
to calculate the percentage of co-aggregation is as follows:

% Co =1 — ( A(le)/A(mleldual)> <100

2

Bile salt hydrolysate activity (BSH)

Following Lee et al. [33], bile salt hydrolysate activity was
carried out. 10 pL of active culture was spot inoculated onto
MRS agar plates supplemented with 0.37g CaCl, /L (Hime-
dia, India) and 0.5% (w/v) sodium taurocholate (Himedia,
India) and incubated anaerobically at 37 °C for 48h. BSH
activity was considered positive for cultures showing zone
of precipitation.

Techno-functional properties

Different lactic acid bacteria and yeast’s technologically
useful characteristics were measured namely, antioxida-
tive activity, proteolytic activity, cholesterol assimilation,
a-galactosidase activity and B-glucosidase activity.

Antioxidant activity

The radical-scavenging capacity of various cultures was
assessed based on a compound's ability to neutralize the
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stable ABTS (2, 2-Azino-bis, (3-ethylbenzothaizoline-
6-sulfonic acid), Sigma-Aldrich, USA) radical. The anti-
oxidative activity was carried out using the Das et al. [32]
technique. The below equation was used to calculate the
samples' capacity to neutralize free radicals:

A trol — A s 1
ABTS radical scavenging activity (%) = £ comro’ — 7 sampe x 100
A control
Where,
Agampie = the absorbance of sample

Aconiror = the absorbance of control sample

Proteolytic activity

The peptides generated by the yeast and Lactobacillus iso-
lates in the skimmed milk medium have been measured
using a spectrophotometer as the absorbance of free amino
acids at 340 nm, according to the O-phthaldialdehyde (OPA)
method of Donkor et al. [35].

Cholesterol assimilation

Cholesterol assimilation by the cultures was established by
the technique given by Anandharaj et al. [36] with a few
changes such as Lactobacillus and yeast cultures were inocu-
lated (at 2% rate) in MRS broth (9 mL) and Yeast malt broth
respectively, containing Bile salts (0.2% Sodium taurocho-
late (Himedia, India) and 0.3% Sodium thioglycolate (Hime-
dia, India) and 50 pg/mL Cholesterol (Himedia, India). The
O-phthalaldehyde (OPA) technique of Rudel and Morris
(1973) was used to estimate % cholesterol assimilation by
culture from media. The cholesterol assimilated by different
strains was determined as follows:

C0-Cl1

% Cholesterol removal from media = ( 0

) x 100
Where,

CO0: ODsg, of MRS/ YM broth supernatant containing
culture

C1: ODsy, of MRS/ YM broth supernatant without
culture

B-glucosidase and a-galactosidase Activity

a-Galactosidase and p-glucosidase activities were measured
using the techniques described by Das et al. [32] and Otieno
and Shah [37]. The underlying idea behind the enzyme
assay is that when the enzyme galactosidase reacts with
p-nitrophenyl-D-galactoside substrate, p-nitrophenol (pNP)
into the medium as a result of a colorimetric reaction. By
employing the Otieno and Shah [37] method to measure
the rate of hydrolysis of p-nitrophenyl-D-glucopyranoside,

a-glucosidase activity was identified. A UV-Vis spectropho-
tometer (Systronics, Ahmedabad) was used to spectropho-
tometrically detect the amount of emitted p-nitrophenol at
410 nm.

In vitro cell culture study

The following items were purchased from Hi-Media (India):
MTT (03-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetra-
zolium bromide), DMEM, Penicillin/Streptomycin (P/S)
solution, and Fetal Bovine Serum (FBS). Sigma-Aldrich
(USA) provided modified Griess reagent and LPS from E.
coli. Elabscience, USA provided pro-inflammatory cytokine
ELISA Kkits for IL-6, TNF-a and IL-1f. The NCCS (National
Centre for Cell Science), Pune, India, supplied the murine
macrophage cell lines (RAW 264.7). These cells were grown
in 25-cm? culture flasks of Dulbecco's Modified Eagle's
Medium (DMEM) treated with 10% FBS and 0.1% penicil-
lin-streptomycin antibiotic at 37 °C in a CO, incubator (5%
CO,). The flasks were passed every two days.

Cytotoxicity assay

Using the MTT assay, the cytotoxic effects of KGL4 and
WBS2A on RAW 264.7 cells were studied [38]. In a 96-well
microtitre plate, 2 x 10° RAW 264.7 cells were plated, cul-
tured for 24 h, and then exposed to WBS2A and KGL4
at various doses (0.25, 0.5, 1, and 2 mg/mL). Each well
received 10 pl of MTT (5 mg/mL in phosphate-buffered
saline, pH 7.4), which was included following a 24-h incu-
bation period at 37°C in an environment with 5% CO, and
95% humidity. Incubation continued for another 4 h until a
purple color appeared. After removing the supernatant, the
formazan crystal had been dissolved in 100 pl of DMSO.
Further, the absorbance was measured at 570 nm using a
microplate reader (M200 PRO, Tecan Life Science). Based
on the cell viability of treated and untreated samples, the
percentage of viable cells was calculated.

Induction of NO production by LPS treatment
on macrophages and its prevention by KGL4
and WBS2A

In a 48-well microplate, at a density of 1 x 10° /0.2 mL/
well, RAW 264.7 cells were seeded and treated with 0.25
mg/mL each of KGL4 and WBS2A, either with or without
the addition of 1 pg/mL of LPS from E. coli 026: B6. RAW
cells that were given LPS alone (1 pg/mL) served as the
positive control. After 16 h of incubation, 150 pl of superna-
tant was combined to 1% sulfanilamide (0.1% sulfuric acid)
and 0.1% N-(1-naphthyl)-ethylenediamine dihydrochloride
in 5% phosphoric acid [38]. After 30 min of incubation, the
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optical density (OD) of the solution was assessed at 540
nm in a microplate reader. The percentage of NO inhibition
compared to control was estimated based on the amount of
nitrite found in culture supernatants. The formula (OD of
test/OD of positive control) X 100 was used to determine
the percent NO generated.

In vitro pro-inflammatory cytokine analysis

The supernatants obtained under various interventions
described above were used for determining IL-6, IL-1f and
TNF-a levels, employing commercial products ELISA kits
in accordance with the manufacturer’s institution, to detect
pro-inflammatory cytokines (Elabscience, USA). At 450 nm,
the absorbance/optical density (OD) generated were meas-
ured. A four-parameter logistic curve with standard concen-
tration and OD values was plotted to determine the results.

Statistical analysis

Three experiments’ findings were given as mean standard
error (SEM). Tests were run in triplicate. Using a one-way
ANOVA, the analysis of variance was carried out, and the
Duncan’s test with a 95% confidence level was used to
investigate for any significant differences between the sam-
ple averages. Comparing various groups in a cell culture
study, Tukey’s post hoc analysis was utilized after a one-way
ANOVA. The data pertaining to the in vitro cell culture test
were analyzed using GraphPad Prism 8.0 Software Inc., (La
Jolla, CA, USA). The statistical significance level was set
at P < 0.05.

Results and discussion
Safety aspects

All the Lactobacillus cultures and yeast were discovered to
be Gram positive. The catalase test was performed, and the
positive control taken was S. aureus, which showed efferves-
cence on adding 10% H,0,, whereas all the Lactobacillus
and yeast lacked effervescence, showing negative for the
catalase test. All the tested Lactobacillus and yeast were
negative for indole test (positive control: E. coli ATCC
43888), Urease test (positive control: P. vulgaris ATCC
6896), and the phenylalanine test (positive control: P. vul-
garis ATCC 6896). A hemolysis test was performed for all
the Lactobacillus and yeast cultures. Red blood cells in the
circulation are lysed by extracellular enzymes produced by
specific bacterial species, which is referred to as hemolysis.
These microbes produce hemolysins, which are extracellular
enzyme, which emanate from the colonies and lyse red blood
cells entirely or in part. As a positive control, S. aureus
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MTCC 737 was used, which showed hemolysis of blood
cells. The gelatin hydrolysis test was negative for all the
lactobacillus and yeast cultures, while the positive culture
was S. aureus MTCC 737, which had produced gelatinases
that liquefied gelatin (Supplementary material Fig S1). All
the tested cultures were negative for biogenic amine produc-
tion (Supplementary material Fig S1). In an antibiotic disc
assay, L. plantarum KGL3A was found to be sensitive to
tetracycline and erythromycin, while L. fermentum KGL4
was sensitive to tetracycline, rifampicin, and erythromycin.

Bobga et al. [39] isolated the L. fermentum strain PRI 29
(accession no. NR 113335.1) from Cameroonian fermented
cow milk, which was found to be catalase negative and also
lacked hemolytic activity. Damisa-Okorhi and Ataikiru [40]
identified probiotic bacteria from fermented milk and milk
products as L.fermentum MG-4, L. plantarum MN-5, Strep-
tococcus thermophilus MC-2, Lactobacillus acidophilus
MC-3, and Lactococcus lactis subspecies cremoris MG-1,
whose biochemical testing showed that all of the LAB iso-
lates were negative for indole and gelatine hydrolysis. Beli-
cova et al. [41] studied L. plantarum from Slovak bryndza
cheese has probiotic potential and safety characteristics and
the study revealed that the majority of the examined L. plan-
tarum isolates lack the capacity to produce these biogenic
amines. Ji et al. [42] studied the functionality and security of
Korean kimchi's lactic bacterial strains and found that all six
tested lactic acid bacterial strains did not show any hemo-
lytic activity, whose reliability was confirmed by a positive
control, Bacillus cereus ATCC 27348.

It is commonly acknowledged that evaluating the safety of
microorganisms used in food is important and has been one
of the primary assurances needed by consumers for probiotic
foods. All the Lactobacillus and yeast cultures assessed for
safety aspects showed that the cultures are safe for consump-
tion and/or use as a feed supplement.

Probiotic attributes

The resistance to bile salts, gastric juices, intestinal juices,
hydrophobicity of the cell surface, cell auto-aggregation,
and cell co-aggregation activities of lactic acid bacteria and
yeasts were among the probiotic properties tested.

Bile salt tolerance

Surviving under gastro-intestinal tract conditions is an
essential property in probiotics. The microorganism’s
viability decreases after passing through the harsh condi-
tions of an acidic stomach and must pass through the bile
juices in order to reach the intestine. Therefore, probiotic
bacteria's ability to endure bile conditions is crucial. Bile
salts render live cells inactive by rupturing the cell mem-
brane. The typical bile salt concentration in the human
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colon is 0.3% (w/v), which is also the concentration used
to calculate the growth lag time of LAB strains. Bile salt
concentration varies with digesting time [43]. There is
disagreement on the precise concentration that the chosen
strains should be tolerant of. At intervals of 0, 2, and 4 h,
the cultures were evaluated for 0.5% bile salt tolerance. All
the lactic acid bacteria strains were unable to tolerate 0.5%
bile salt at 2 and 4 h of incubation. In contrast, the yeast
strain S. cerevisiae WBS2A was capable of withstanding
0.5% bile during 2 and 4 h of incubation. While the total
number of cells decreased after 4 h of incubation from
7.37 log CFU/mL to 6.72 log CFU/mL, the viable cell
counts modestly decreased with an increase in incubation
time (Table 1). Han et al. [44] found that the lag times
of the bile-tolerant strains Levilactobacillus brevis R4, L.
curvatus, L. curvatus RS, and Lactiplantibacillus pentosus
were 1.58, 3.50, 3.08, and 2.17 h, respectively. While it
was discovered that the bile-sensitive bacteria Pediococcus
pentosaceus R1, L. acidophilus, and L. fermentum R6 had
lag times of over 9 h. The probiotic potential of traditional
fermented Bambangan's (Mangifera pajang) isolated lactic
acid bacteria in Malaysia was evaluated by Seah et al. [45].
L. rhamnosus strain 0504 had a viable cell count of 0.26
+ 0.01 log CFU/h, while L. plantarum strains varied from
0.41 to 0.68 log CFU/h. Probiotic properties of strains
of L. fermentum isolated from cheese from Tulum were
examined by Tulumoglu et al. [46]. LP1, LP2, LP5, LP6,
and LP7 strains of L. fermentum did not survive 0.5% bile
salt after 4 h of exposure. Syal and Vohra [47] screened
twenty yeasts for their probiotic potential that were iso-
lated from traditional Indian fermented foods. All the
yeasts were able to survive 0.5% bile, where the survival
percentage ranged from 93.00 + 0.83 % to 100.00 = 0.39
%. The present findings support the Syal and Vohra [47]
study, where the yeasts are tolerant to 0.5% bile exposure.

Furthermore, in the study by Seah et al. [45], the num-
ber of L. rhamnosus and L. plantarum strains that sur-
vived was very small, and L. fermentum strain R6 of Han
et al. [44] was found sensitive to 0.5% bile concentrations,
which supports our findings that lactic acid bacteria strains
are unable to survive exposure to bile salts. Chang et al.
[48] discovered the probiotic qualities of lactic acid bacte-
ria isolated from kimchi. Among the various lactobacillus
strains tested for bile salt tolerance, L. plantarum strains
LA89402, LA89409, and LA89911 were unable to sur-
vive at 0.5% bile salt. Similar observations were seen in
our study, where the L. plantarum strain KGL3A did not
survive at 0.5% bile exposure.

Gastric and intestinal juice tolerance

The upper gastrointestinal tract environment, where gas-
tric acidity ranges from pH 2.5-3.5, protects well against

Table 1 Survival rate of lactobacilli and yeast isolates during expo-
sure to bile salt

Organism Treatment Time (H) T mean
©) (D)
0h 2h 4h

KGL3A 0.5% bile 7.47°  0.00° 0.00° 532
Control 7.49° 8477 8.492

KGL4 0.5% bile 7.41°  0.00° 0.00° 529
Control 743> 8.42° 8.47%

K4E 0.5% bile 3764 0.00° 0.00° 2.59
Control 3.78*  3.95% 4.06*

K14 0.5% bile 3.68°  0.00° 0.00® 2.55
Control 3.63°  3.90° 408

WBS2A 0.5% bile 7.37°  7.07* 6.72°  7.52
Control 7.37°  8.22° 8.36°

Source SEm CD (0.05) CV%

o} 0.08 0.23 7.32

T 5.08 0.14

O*T 0.11 0.32

H 6.22 0.18

O*H 0.14 0.39

T*H 8.79 0.18

O*T*H 0.20 0.56

*Values with different superscripts differ significantly (p<0.05), log
CFU/mL, n=3

the entrance of foreign microorganisms, and is where LAB
strains must first adapt to survive in the intestinal system.
According to the results shown in Table 2 and Table 3, four
lactic acid bacterial strains could not survive after being
exposed for 4 h to artificial gastric juice with 0.3% pepsin.
However, L. plantarum KGL3A was able to resist pH 2 until
the second hour of exposure, whereas both L. plantarum
KGL3A and L. rhamnosus K4E strains were able to resist
pH 3 until the second hour of exposure with a reduction
in overall viable cell count from 7.48 log CFU/mL to 1.09
log CFU/mL and 7.77 log CFU/mL to 0.83 log CFU/mL,
respectively. Yeast strain WBS2A was able to endure pH
values of 2 and 3 in artificial gastric juice. The total viable
cell counts for the WBS2A strain exposed to low pH 2 were
found to be decreasing with increasing exposure time, from
6.79 log CFU/mL up to 6.45 log CFU/mL at 4 h after the ini-
tial exposure (0.34 log CFU/mL reduction). Additionally, the
WBS2A strain was able to survive gastric juice with a pH
of 3 despite a minor decline in viable cell count from 6.63
log CFU/mL after initial contact to 6.45 log CFU/mL at4 h
(a decline of 0.18 log CFU/mL). Nigerian native yeasts iso-
lated from fermented food products were examined for their
in vitro probiotic activities by Adesokan et al. [49]. Both pH
2 and pH 3 were tolerated by the S. cerevisiae PAWO0?2 strain
of digestive fluid. The viable cell count was determined to be
8.31 + 0.05 log CFU/mL at zero hours at pH 2, rising to 9.50
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Table 2 In vitro gastric juice tolerance ability of lactobacilli and yeast
atpH 2

Organism Treatment Time (H) T mean
0) (D
Oh 2h 4h

KGL3A pH 2 723" 3.53° 0.00° 547
Control 7.35*  7.36° 7.37%

KGL4 pH?2 495> 0.00° 0.00°  3.50
Control 5.00*  5.29° 5.79*

K4E pH?2 7.09°  0.00° 0.00°  4.80
Control 721 7.25° 7.26%

K14 pH2 7.13*  0.00° 0.00° 483
Control 726  7.27° 7.31%

WBS2A pH?2 6.79*  6.58° 6.45*  6.78
Control 6.90*  6.94° 7.03%

Source SEm CD (0.05) CV%

(¢} 0.17 0.47 1391

T 0.11 0.30

O*T 0.24 0.67

H 0.13 0.36

O*H 0.29 0.82

T*H 0.18 0.36

O*T*H 0.41 1.15

*Values with different superscripts differ significantly (p<0.05), log
CFU/mL, n=3

Table 3 In vitro gastric juice tolerance ability of lactobacilli and yeast
atpH 3

Organism Treatment Time (H) T mean

©) M Oh 2h 4h

KGL3A pH3 7.48°  1.09° 0.00¢ 521
Control 7398 71572 7712

KGL4 pH3 6.21*  0.00° 0.00°  4.25
Control 6.23*  6.31° 6.78"

K4E pH 3 7.77*  0.83° 0.00° 535
Control 7.81*  7.83 7.84

K14 pH 3 7.84*  0.00° 0.00° 522
Control 7.81*  7.83 7.86%

WBS2A pH 3 6.63*  6.58 6.45*  6.87
Control 6.75*  7.38" 7.428

Source SEm CD (0.05) CV%

0 0.15 0.42 11.72

T 9.40 0.27

O*T 0.21 0.59

H 0.12 0.33

O*H 0.26 0.73

T*H 0.16 0.33

O*T*H 0.36 1.03

*Values with different superscripts differ significantly (p<0.05), log
CFU/mL, n=3
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+ 0.05 log CFU/mL at 4 h. In contrast, the viable cell count
at pH 3 decreased from 8.86 + 0.05 log CFU/mL at zero
hour to 7.48 + 0.04 log CFU/mL after 1 h. The lactic acid
bacteria's probiotic properties in Indonesia's naturally fer-
mented milk, specifically dangke and dadih, were described
by Jatmiko et al. [50]. Of the 20 strains screened for acid tol-
erance, only 5% of the strains demonstrated greater tolerance
to more acidic conditions (pH 2-4), namely L. plantarum
SL2.7. S. cerevisiae HM535662, which was isolated from
the traditional fermented cuisine “Bhaturu” of the Western
Himalayas, was examined in vitro by Sourabh et al. [51].
The S. cerevisiae (HM535662) strain was able to withstand
pH values for simulated gastric juice at 2 and 3. After 240
min of exposure, viability was reduced at pH 2 at a greater
rate (2.71 log CFU/mL to 4.12 log CFU/mL) than at pH 3
(0.88 log CFU/mL to 3.06 log CFU/mL), suggesting this
isolate’s inherent tolerance. Muna and Adel [52] evaluated
the probiotic potential of camel's milk Lactobacillus strains.
L. rhamnosus strains M6 and M 19 and L. plantarum strains
M7 and M11 could not resist the pH 3 gastric juice after
3 h of incubation. The results of Adesokan et al. [49] and
Sourabh et al. [51] are supported by S. cerevisiae ability to
survive in stomach fluids at pH 2 and pH 3, as well as the
fact that our yeast strain S. cerevisiae WBS2A survived the
gastric juices comparatively well.

All four lactic acid bacteria strains and one yeast strain
were able to tolerate intestinal juice (pH 8) during the course
of incubation. The KGL3A strain showed better survival
in intestinal juice as compared to other bacterial strains,
whereas the viable log cell count was found to be 7.24 log
CFU/mL during initial exposure, which was slightly reduced
after 4 h of exposure to 7.12 log CFU/mL. The WBS2A
yeast strain also survived in intestinal juice with a slight
reduction in viable cell count, which was 6.61 log CFU/mL
previously and at 4 h of incubation reached 6.26 log CFU/
mL (Table 4). Abudoleh et al. [S3] examined the probiotic
properties of microorganisms isolated from indigenous pick-
led and fermented foods from Jordan. L. fermentum strain
G2 tolerated simulated intestinal juice; after 4 h of incu-
bation, a growth of 6.2 + 0.16 log CFU/mL was seen. L.
fermentum strain J2 grew at a rate of 6.5 + 0.31 log CFU/
mL. Adesokan et al. [49] showed that all the tested yeast
cultures survived the intestinal juice pH8, where S. cerevi-
siae PAW02 showed higher survivability with a viable cell
count of 8.90 + 0.05 log CFU/mL at zero hours, which fell to
8.63 + 0.05 log CFU/mL over the course of the 4-h incuba-
tion. Zhai et al. [54] investigated the potential for lactic acid
bacteria to protect against cadmium toxicity. The likelihood
that different L. plantarum strains will survive in simulated
intestinal juice ranged from 87.56 + 0.80 % to 92.98 + 0.22
%. L. rhamnosus strain CCFM311 had a survival rate of
85.59 £+ 0.25 %. Survival of L. fermentum strain KGL4 in
simulated intestinal juice was found to be better as compared
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Table 4 Survival rate of lactobacilli and yeast during exposure to
intestinal juice

Organism  Treatment Time (H) T mean
©) (T
Oh 2h 4h

KGL3A  0.1% pancreatin  7.24*  7.19% 7.12*  7.00
Control 7228 7.67° 5.55°

KGL4 0.1% pancreatin ~ 6.83%  6.62%d 6414 6,67
Control 6.10¢ 6912 7.172

K4E 0.1% pancreatin ~ 7.05* 691 617  6.66
Control 6.02°  6.86" 6.95%

K14 0.1% pancreatin ~ 6.91°  6.83%¢  6.15¢  6.72
Control 6.29%  7.06 7.10°

WBS2A  0.1% pancreatin ~ 6.61°¢ 6,35 6.26°  6.52
Control 6.69  6.82% 717

Source SEm CD (0.05) CV%

o} 8.27 0.23 521

T 5.23 NS

O*T 0.12 0.33

H 6.41 0.18

O*H 0.14 0.41

T*H 9.06 0.18

O*T*H  0.20 0.57

*Values with different superscripts differ significantly (p<0.05), log
CFU/mL, n=3

to the L. fermentum strains used by Abudoleh et al. [53]. The
previous study of our work carried out by Mishra et al. [55]
observed that the two lactobacillus isolates, namely KGL4
and KGL3A, showed the highest resistance in simulated
intestinal fluid following a 4 h incubation with correspond-
ing cell counts of 6.65 log CFU/mL and 6.42 log CFU/mL.
In our present study we have observed a higher resistance
towards simulated gastric juice by KGL3A with correspond-
ing cell counts of 6.65 log CFU/mL and 6.42 log CFU/mL.

Cell surface hydrophobicity (CSH)

An effective probiotic’s next obstacle is adhering to small
intestinal cells after surviving the upper gastrointestinal
transit. Microorganism adhesion and proliferation on intes-
tinal epithelial cells are believed to be significantly influ-
enced by cell surface hydrophobicity [55]. n-hexadecane
was used to measure hydrophobicity because, as compared
to other hydrocarbons, it has been shown to provide more
accurate results without requiring cell lysis for the assess-
ment of probiotics’ ability to adhere to surfaces. Microor-
ganisms’ hydrophobicity to hydrocarbons on their cell sur-
faces (n-hexadecane) was determined (Fig. 1). Individual
cultures’ percentage CSH values to n-hexadecane ranged
from 55.91 to 77.16%. L. plantarum KGL3A (77.16+ 0.84
%) was found to be highly hydrophobic to n-hexadecane and

was significantly at par with L. fermentum KGL4 (72.60 +
2.33 %), followed by L. helveticus K14 (62.17 + 2.28 %),
WBS2A (59.76 + 0.67 %), and L. rhamnosus K4E (55.91 +
1.51 %). S. cerevisiae DABRP5 was isolated from the batter
in a bollo, a typical Goan fermented dish, and Pereira et al.
[56] evaluated its probiotic potential. S. cerevisiae strain
DABRPS (accession no. MT712864) showed the highest cell
surface hydrophobicity of 69.80 + 0.87 % towards n-hexa-
decane, whereas S. cerevisiae strain DABRP12 (accession
no. MT712866) showed the least activity of 45.09 + 0.74
%. 11 different strains of L. fermentum isolated from fer-
mented dairy products and newborn feces were evaluated
by Panicker et al. [57] for their in vitro probiotic character-
istics. The hydrophobicity of the surfaces of cultured cells,
L. fermentum MTCC-8711, was found to be 29.99 + 2.97 %,
whereas the hydrophobicity of the culture L. rhamnosus GG
was found to be 32.14 + 3.11% towards n-hexadecane. Devi
et al. [58] used comparative analysis to assess the probiotic
qualities of lactic acid bacteria. The hydrophobicity % to
n-hexadecane of L. plantarum LP was found to be 45.3 +
0.06 %, and that of L. fermentum F14 was found to be 48.6
+ 0.06 %. Deng et al. [59] examined the cell surface charac-
teristics of five yeast strains that degrade polycyclic aromatic
compounds. Among the yeast strains tested, S. cerevisiae
had the lowest cell surface hydrophobicity to hexadecane at
0.7 £ 0.1 %. The cell surface hydrophobicity of the S. cer-
evisae strain that was utilised in our investigation is greater
than the Deng et al. [59] studies, which showed 0.7 + 0.1%
towards n-hexadecane. The cell surface hydrophobicity of
L. fermentum, L. plantarum, and L. rhamnosus strains used
in the study was higher as compared to Panicker et al. [57]
and Devi et al. [58] studies. Mishra et al. [55] found that the
cell surface hydrophobicity of lactic acid bacteria ranged
from 47.44 + 0.64 % to 68.30 £ 0.78%. Whereas, in present
study, we have observed a better CSH activity, ranging from
55.91t0 77.16 %.

Cell auto-aggregation

Adhesion has been more strongly correlated with autoag-
gregation than hydrophobicity [60]; therefore, a substantial
quantity of autoaggregation capacity may be responsible
for this indigenous isolate’s adhesion trait. Microorganism
adhesion can be substantially correlated with isolates with
superior autoaggregation capacity in addition to good hydro-
phobicity values. Despite the fact that these two qualities are
distinct from one another, they continue to be connected to a
particular microbe’s ability to adhere. The auto-aggregation
study for cultures lasted 5 h. It was discovered that the rate of
aggregation was growing over time. After 2 h, the percent-
age auto-aggregation ranged from 8.70 to 25.53, which sig-
nificantly increased to 10.50 to 26.94 during the fifth hour.
L. rhamnosus K4E and L. helveticus K14 dominated the
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Fig. 1 Antioxidant activity,
cholesterol assimilation, and
cell surface hydrophobicity of
selected cultures
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experiment's maximum aggregation at all times (Table 5).
The Indian fermented foods include yeasts with probiotic
potential was assessed by Sunita et al. [61]. The yeast strain
MH425 had the lowest auto-aggregation percentage of 3.2
% and the highest auto-aggregation percentage of 37.1 %.
Reuben et al. [62] carried out a study to characterize and
evaluate lactic acid bacteria for potential probiotic properties
in indigenous raw milk. The auto-aggregation percentage of
L. plantarum strain C16 was 38.5 + 13.44 % and that of L.
Sfermentum strain G9 was 41.5 + 6.39 %. In order to study the
probiotic qualities and bioactive properties of the lactic acid
bacteria, Divisekera et al. [63] isolated the bacteria from fin-
ger millet flour that had undergone fermentation. The auto-
aggregation percentage for L. plantarum R17 (MF405176.1)
increased from 5.56 + 0.10 at 2 h to 60.44 + 1.71 at 5 h of
incubation, whereas for L. fermentum RV02 (MF033346.1)
it increased from 16.09 + 0.48 at 2 h to 46.25 + 0.55 at 5
h of incubation. The increase in auto-aggregation percent-
age was 54.88 % for L. plantarum R17 and 30.16 % for L.
fermentum RV02. Garcia-Cayuela et al. [64] investigated the
bond properties of dairy L. plantarum strains with a phe-
notype of aggregation. Auto-aggregation ability of various
L. plantarum strains ranged from 6.31 + 1.13 % to 22.13 +
0.89 % and L. rhamnosus strain GR-1 showed 6.70 + 0.14
%. The L. rhamnosus culture used in our study showed better
auto-aggregation as compared to Garcia-Cayuela et al. [64].
The previous investigation by Mishra et al. [65] revealed that
the lactic acid bacteria's cell auto-aggregation ranged from
30.69 to 81.32% which was higher than the one reported in
the current study.

Cell co-aggregation
An important characteristic of Lactobacillus is coaggrega-

tion, which suggests a possible capacity for both competing
with pathogens and preventing their colonization through
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Table 5 Auto-aggregation ability of cultures at different time intervals

Culture Incubation time (h)

2h 5h
KGL3A 10.00 + 0.058% 10.50 + 0.349°
KGL4 10.96 + 0.201% 15.85 + 0.124%
K4E 10.28 + 0.916° 17.10 + 0.490°
K14 8.70 + 0.131¢ 14.77 + 0.280¢
WBS2A 25.53 + 0.105% 26.94 + 0.709*

*Values with different superscripts differ significantly (p<0.05), auto-
aggregation (%) mean + SEM, n=3

antagonistic interactions. The co-aggregation of cultures was
determined against E. coli MTCC 1687, Salmonella typh-
imurium ATCC 14028, S. aureus MTCC 737, and Listeria
monocytogenes MTCC 657. The percentage co-aggregation
of lactobacillus cultures and yeast with L. monocytogenes,
S. aureus, S. typhi, and E. coli is shown in Table 6. A higher
percentage of co-aggregation was found for culture K4E
with S. typhi (34.18 + 0.03%), E. coli (32.97 + 0.02 %)
and S. aureus (26.33 + 0.06 %). A significantly higher per-
centage of co-aggregation of WBS2A was found with L.
monocytogenes (25.77 + 0.22 %). In order to test poten-
tial probiotic Lactobacillus spp. strains against Salmonella
strains, Fadare et al. [66] used garlic extract as a synbiotic
antibacterial agent. L. plantarum strains AM3, NG13, DB3,
and DS11 recorded co-aggregation values of 34.1%, 21.2%,
24.4%, and 19.8%, respectively, against S. typhi. Lactic acid
bacteria isolated from fermented foods sources have probi-
otic effects were researched by Bindu and Lakshmidevi [67].
L. fermentum strain Cu3-PM8 (MCC4233) showed the least
E. coli co-aggregation at 09.97 + 0.04 % whereas L. plan-
tarum strain Cu2-PM7 (MCC4246) showed 14.92 + 0.06
% co-aggregation with E. coli and 17.06 + 0.07% with L.
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Table 6 Co—aggrt?gation ability Culture L. monocytogenes S. typhi E. coli S. aureus

of cultures to various pathogens
KGL3A 23.98 +0.117° 24.08 +0.192° 24.03 + 0.088° 19.35 + 0.161°
KGL4 22.33 + 0.060° 22.63 + 0.130 22.25 +0.153° 16.57 + 0.1429
K4E 22.05 + 0.087° 34.18 + 0.033* 3297 +0.017* 26.33 + 0.060"
K14 2227 +0.117¢ 23.67 +0.033° 23.03 +0.101¢ 11.05 + 0.050°
WBS2A 2577 +0.219* 26.48 +0.520 26.12£0.117° 18.15 £ 0.104°

*Values with different superscripts differ significantly (p<0.05), cell co-aggregation ability (%), mean +

SEM, n=3

monocytogenes at 2 h. L. fermentum strain IB-PM15 showed
the least co-aggregation of 15.02 + 0.05% with S. aureus.
Lee et al. [68] evaluated the impact of the kimchi-derived
probiotic L. plantarum KU200656 on microorganisms and
biofilms. The co-aggregation assay of L. plantarum against
various pathogens was carried out, and the co-aggregation
percentages were 21.45 + 4.35 %, 21.35 + 2.36 %, 22.52 +
3.62 %, and 24.81 + 3.26 % counter to S. typhimurium, S.
aureus, L. monocytogenes, and E. coli, respectively. Lactic
acid bacteria that were obtained from traditional fermented
Thai foods were studied for their probiotic potential by
Suwannaphan [69]. Among all the isolates tested for co-
aggregation with pathogenic bacteria, L. fermentum strain
K9 showed a lower level of aggregation with E. coli (5.56 +
0.74 %) and S. aureus (10.15 £ 2.07 %). L. fermentum strain
K4 exhibited the least amount of aggregation with S. typh-
imurium (10.74 + 1.95 %). The cultures in the study demon-
strated greater co-aggregation activity of L. plantarum and
L. fermentum with E. coli, S. aureus and L. monocytogenes
than Bindu and Lakshmidevi [67] and L. plantarum co-
aggregation activity with L. monocytogenes, S. typhimurium,
and E. coli than Lee et al. [68].

Bile salt hydrolysate activity (BSH)

BSH activity was observed only in the case of the culture
WBS2A (Supplementary material Fig S2). Lactobacillus
cultures did not show prominent bile salt hydrolysate activ-
ity. Inhibitory activity of bile salt hydrolase and lipase in
reconstituted skim milk fermented with lactic acid bacteria
were investigated by Gil-Rodriguez and Beresford [70]. L.
brevis strains nos. 36 and 38, L. curvatus strain nos. 73,
L. paracasei strain nos. 9 and 87, and L. rhamnosus did
not show BSH activity, and the cultures were tested without
prior exposure to bile. Hernandez-Gomez [71] evaluated
BSH activity of L. plantarum DGIA1 against all bile acid
conjugates namely sodium glycocholate, sodium glycodeox-
ycholate, sodium taurocholate, and sodium taurodeoxycho-
late. Sharma et al [72] isolated probiotic lactic acid bacteria
from camel and identified probiotic potentials. L. plantarum
15 showed BSH activity against sodium deoxycholate and
sodium taurodeoxycholate.

Technofunctional properties
Antioxidant activity

Higher antioxidant activity was found in culture K14 activ-
ity (60.00 + 0.48 %) which was found to be at par with
culture K4E (57.50 + 0.00%). Lower antioxidant activ-
ity was obtained for culture WBS2A (17.92 + 3.13 %)
(Fig. 1). Yang et al. [73] investigated the immune system
benefits and probiotic properties of L. plantarum 200655
isolates. The findings of radical scavenging (%) by ABTS
revealed different scavenging activities were displayed by
different LAB strains, with higher activity for L. plantarum
200655 (38.13%), followed by L. plantarum KCTC 3108
(35.03%) and L. rhamnosus GG (24.76%). Kathiriya et al.
[74] assessed Lactic Acid Bacteria in vitro probiotic capac-
ity, wherein higher antioxidant activity was obtained for the
culture L. rhamnosus NS6 (9.50+0.88 %ABTS activity), fol-
lowed by S. thermophilus MD2 (2.45+0.37 % ABTS activ-
ity) and S. thermophilus MD8 (1.88+0.16 % ABTS activity).
P. pentosaceus R1 (42.4%), L. plantarum (40.1%), and L.
sake (38.5%) were three lactic acid bacteria with the highest
ABTS™ scavenging rates. In milk whey, antioxidant activ-
ity was produced by Virtanen et al. [75] during lactic acid
bacteria fermentation. There was shown to be more radical
scavenging activity in Leuconostoc mesenteroides ssp. cre-
moris B53 (53 + 5.10 %), whereas cultured L. rhamnosus
ATCC 7469 showed 29 + 0.42 % activity, and L. helveticus
E showed 28 + 3.18 % activity. The antioxidant activity of
L. plantarum, L. fermentum, and L. rhamnosus was found to
contrast with our studies by Yang et al. [73], Kathiriya et al.
[74], and Virtanen et al. [75].

Proteolytic activity

Significantly higher proteolytic activity was given by culture
K4E (7.29 + 0.15 mg/mL), which was also on par with all
the remaining Lactobacillus cultures, namely K14 (7.28 +
0.18 mg/mL), KGL4 (7.24 + 0.10 mg/mL), and KGL3A
(7.00 + 0.11 mg/mL). However, lower proteolytic activity
was given by yeast culture WBS2A (Table 7). When sheep
milk is fermented, antimicrobial, antimicrobial peptide,
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Table 7 Proteolytic activity,

o-Galactosidase activ-
ity of cultures after
24 h

B-Glucosidase activity of cul-
tures after 24 h

. - Culture Proteolytic activity

B-glucosidase activity, and

a-galactosidase activity of

cultures
KGL3A 7.00 +0.11*
KGL4 7.24 +0.10*
K4E 7.29 +0.15%
K14 7.28 +0.18%
WBS2A 5.68 + 0.05°

0.134 + 0.004°
0.359 + 0.002°
0.300 + 0.002¢
0.330 + 0.001¢
0.348 + 0.001°

0.258 + 0.007¢
0.339 + 0.014°
0.415 + 0.016*
0.354 + 0.007°
0.326 + 0.003°

*Values with different superscripts differ significantly (p<0.05), proteolytic activity (mg/ml), f-glucosidase
activity (OD,m), ®-galactosidase activity (OD,q,,), mean + SEM, n=3

antioxidative, and anti-inflammatory properties as well as
the generation of ultra-filtered antioxidative are examined by
Ashokbhai et al. [10]. From 6.10 mg/mL (12 h incubation,
1.5% inoculation rate) to 10.40 mg/mL (48 h incubation,
2.5% inoculation rate), L. fermentum proteolytic activity was
measured. Dineshbhai et al. [76] investigated the possibil-
ity of biofunctionalities of Saccharomyces and Lactobacil-
lus, as well as bioactive peptides released from fermented
whey protein. S. cerevisiae and L. fermentum cultures were
reported to have proteolytic activities of 7.24 mg/mL and
8.59 mg/mL, respectively, with a 2.5% inoculation rate after
48 h of incubation. According to Shukla et al. [77], when
culture was administered at a rate of 2% v/v, total proteo-
lytic activity in L. plantarum ranged from 7.04 mg/mL at
12 h to 9.32 mg/mL at 48 h. Patel et al. [78] investigated
ultrafiltration peptide fractions from fermented camel milk
as potential sources of antioxidant peptides for their antioxi-
dative and anti-inflammatory effects. The proteolytic activ-
ity obtained during camel milk fermentation after 24 h was
found to be 7.47 + 0.11 mg/mL. The proteolytic activity of
L. fermentum in our study was found to be similar to that of
Dineshbhai et al. [76].

Cholesterol assimilation

Bacterially growing cells may reduce cholesterol through
assimilation and/ or integration into the cellular of the
probiotic microorganism, inhibiting the body’s ability to
reabsorb cholesterol. In KGL4, the proportion of choles-
terol decreased was noticeably higher (29.65 + 4.30 %) as
compared to K4E (22.47 + 1.92 %), KGL3A (19.42 + 0.75
%), K14 (19.02 + 1.90 %), and WBS2A (0.86 + 0.25 %),
as shown in Fig. 1. Castorena-Alba et al. [79] evaluated the
reference strains and probiotic bacteria derived from food
for their ability to assimilate cholesterol, acid, and bile. The
highest percentage of absorption of cholesterol was observed
in strains B. lactis (47.39%), L. fermentum (49.34%), and L.
acidophilus (54.26%). In terms of assimilation of choles-
terol, L. rhamnosus (13.21%) and L. pentosus (4.31%) strains
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showed the lowest percentages. Angmo et al. [80] looked
at the probiotic characteristics of lactic acid bacteria from
fermented Ladakhi foods and beverages. Although isolate
11 showed higher cholesterol assimilation at 19.75%, the
assimilation of cholesterol by several lactic acid bacteria
ranged from 1.14% to 19%. A potential probiotic bacterium
with cholesterol-lowering capabilities called L. fermentum
SM-7, was characterized by a Pan et al. [81] study. L. fer-
mentum strain SM-2 showed the lowest cholesterol lowering
ability of 15.2 + 2.0 % whereas the highest activity was seen
in L. fermentum strain SM-7 at 66.8 = 5.0 %. Compared to
research conducted by Castorena-Alba et al. [79], L. rham-
nosus had a higher cholesterol assimilation activity.

B-Glucosidase and a-galactosidase activity

Probiotic bacteria produce p-glucosidase enzymes, which
aid in the removal of the glycoside moiety from glycosylated
flavonoids such as those found in soybean products. This
hydrolysis makes flavonoids more absorbable through the
digestive tract, which is required for their beneficial effects
on human health [82]. This enzyme also acts on lactose and
hydrolyses it into readily digestible galactose and glucose,
which helps to reducing the symptoms of lactose intoler-
ance in people [83]. B-glucosidase activity was signifi-
cantly higher in the KGL4 strain (0.359 + 0.002), followed
by WBS2A (0.348 + 0.001), K14 (0.330 + 0.001), K4E
(0.300 + 0.002) and KGL3A (0.134 + 0.004) as shown in
Table 7. Hati et al [84] observed that at different incubation
temperatures and various levels of skim milk powder addi-
tions in yoghurt culture (1% of L. bulgaricus and S. thermo-
philus) to soymilk improved overall f-Glucosidase activity
with highest activity (4.97 U/ml). According to Jang et al.
[85], the L. plantarum Ln1, a probiotic isolated from kimchi
was tested for its antioxidant properties. 3-glucosidase was
produced by L. plantarum KCTC 3108 and L. plantarum
Lnl, with yields of 1.49 and 7.04 mU/mL, respectively. Zhu
et al. [86] optimized conditions for lactic acid fermentation
in fermented tofu whey drinks that contain isoflavone-rich
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aglycones. At 20 h, L. rhamnosus GG (LGG) has 6.71+ 0.32
mU/mL of $-glucosidase activity. Hati et al [87] also studied
Lactobacillus cultures for their B-glucosidase activity during
fermentation in soymilk. Highest activity was observed in
L. rhamnosus C6 as 1.66 U/mL whereas lowest activity was
noted by L. rhamnosus NCDC24 (0.54 U/mL).

A digestive enzyme called a-galactosidase converts the
complex sugars in beans into simpler ones, making them
easier for people to digest. Since, the a-galactosidase
enzyme is absent in human digestive tract the digestion of
sugars is difficult. So, the presence of this enzyme activity
in probiotic bacteria is essential for their use as a food sup-
plement. The a-galactosidase activity of the K4E strain was
significantly higher (0.415 + 0.016). Lower a-galactosidase
activity was detected in KGL3A (0.258 + 0.007). Apart from
it the a-galactosidase activity of KGL4 (0.339 + 0.014),
K14 (0.354 + 0.007) and WBS2A (0.326 + 0.003) were at
par with each other (Table 7). The potential for bean prod-
ucts was investigated by Liu et al. [88] in relation to the
thermostability of probiotics and their a-galactosidases.
L. rhamnosus strain 910 gave a a-galactosidase activity of
0.21 U/mL. Keat-hui et al. [89] investigated the bioactivity
and growth properties of probiotics during preservation in
a media based on tofu. L. fermentum strain FTD 13 gave
highest a-galactosidase activity of 1.904 + 0.036 U/mg of
protein. Mandal and Bagchi [83] examined native lactoba-
cillus isolates to find those with the most health-promoting
qualities. L. fermentum strain FA 5 isolated from fermented
soybean seeds showed a-galactosidase activity of 9.627 +
0.131U/mg of protein, L. helveticus strain FA 7 isolated from
fermented rice gave 8.150 + 0.007 U/mg of protein, L. plan-
tarum strain GRI-2 isolated from human gut showed 6.011
+ 0.178 U/mg of protein.

Anti-inflammatory activity of KGL4 and WBS2A cultures
in the RAW macrophage cell line

Numerous disorders, including inflammatory bowel dis-
ease, non-alcoholic fatty liver disease, diabetes, obesity,
metabolic syndrome, and chronic kidney disease, are
brought on by inflammation [90]. The development of
chronic low-grade inflammation and metabolic disor-
ders is brought on by microbial imbalances within the
body (gut dysbiosis), which increase the number of
gut-derived lipopolysaccharides and interact with mac-
rophages and intestinal epithelial cells. This is accom-
plished by activating a number of signalling pathways,
including nuclear factor-kB and MAPK. Probiotics can
alter the composition of the gut microbiota, according
to numerous in vivo and in vitro studies or the cell-wall-
related components that are involved in the inflamma-
tory response [91].

Dineshbhai et al. [76] investigated potential for biofunc-
tionalities of Saccharomyces and Lactobacillus in the pro-
duction of bioactive peptides from fermented whey protein.
KGL4 (48 h, 37 °C,) and WBS2A (48 h, 25 °C) yielded
highest concentrations of peptides, 7.24 mg/mL and 8.59
mg/mL, respectively. Chopada et al. [92] isolated and char-
acterized the novel ACE inhibitory and antioxidant peptides
from co-fermented whey protein concentrate made by the
co-growth of L. paracasei and S. cerevisiae. Maximum pro-
teolytic activity was seen at 37 °C for 48 h for M11 (6.50
mg/mL) and at 25 °C for WBS2A (8.59 mg/mL). Hati et al.
[11] discovered a favorable result when adding L. fermen-
tum (KGL4) and S. cerevisiae (WBS2A) to broiler diets.
The KGLA4- fed group had improved hematological features,
increased body weight gain, decreased FCR, and increase
triglycerides and HDL content. From the work published
earlier, cultures KGL4 and WBS2A were found promising
and were selected for in vitro anti-inflammatory studies in
the RAW 264.7 macrophage study.

Lower dose of KGL4 and WBS2A did not induce cytotoxicity

The cell viability after exposing KGL4 and WBS2A on the
RAW 264.7 macrophages at different concentration (0.25,
0.5, 1, and 2 mg/mL) was illustrated in the figure (Figs. 2
and 3a). Cells exposed to KGL4 and WBS2A did not exhibit
cytotoxicity at 0.25 mg/mL (Figs. 2 and 3a) relative to the
control cells. In case of KGL4 and WBS2A, treatment at
0.25 mg/mL gave highest viability whereas treatment at 0.5,
1 and 2 mg/mL exhibited loss in cell viability. With this
observation, we have chosen 0.25 mg/mL for in vitro testing
for the inhibition of cytokines and mediators that promote
inflammation, as well as TNF-a, NO, IL-6, and IL-1p.

Low doses of KGL4 and WBS2A prevented LPS-induced
NO and pro-inflammatory cytokine production by the RAW
264.7

The effect of KGL4 and WBS2A on LPS-induced inflam-
mation in macrophages were investigated by assessing NO
response which is one of the essential inflammatory param-
eters. It was found that LPS stimulation resulted in a remark-
able elevation of nitric oxide response ten times higher than
control (Fig. 2b). This NO production by LPS-activated
cells appeared to be reduced by KGL4 and WBS2A at 0.25
mg/mL suggesting a promising anti-inflammatory activity
(Fig. 2b).

Cytokine analysis in the supernatants of RAW 264.7
cells

The generation of TNF-a, IL-6, and IL-13 by RAW
264.7 macrophages stimulated with LPS for 16 h was

@ Springer
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investigated. As shown in figure, the TNF-a, IL-6, and
IL-1p levels were significantly elevated following stimu-
lation of the cells with LPS which is further reduced in
KGL4 and WBS2A treatment group (Figs. 2c and 3c—e).
KGL4 and WBS2A were tested in vitro, and the results
showed considerable suppression of TNF-a, IL-6, and
IL-1p in LPS-stimulated RAW 264.7 macrophages
(Figs. 2c and 3c—e). The amount of pro-inflammatory indi-
cators produced was decreased by treatment with KGL4
and WBS2A at 0.25 mg/mL.

MTT assays suggested that KGL4 and WBS2A at a
lower dose do not exhibit cytotoxicity. The most effective
inducer of an inflammatory response is NO, which culti-
vates TLR-4 on the surface of macrophages to activate the
nuclear transcription factor NF-kB [93]. Furthermore, the
binding causes the production of pro-inflammatory media-
tors for instance TNF-a, NO, IL-6, and IL-1p among others
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[94]. LPS promotes inflammatory conditions by causing
the RAW 264.7 cells to cause inflammatory mediators such
TNF-a, IL-1p, and IL-6 [95]. Our findings concur with those
of Michels et al. [96], Xiaoqing et al. [97], and Song et al.
[98], who analyzed the anti-inflammatory effect of bacterial
strains and their fermented peptides in RAW 264.7 cells.
We conclude that KGL4 and WBS2A may act like potent
anti-inflammatory peptides by suppressing pro-inflammatory
cytokine production.

Conclusion

Lactobacilli and yeast were initially isolated from tradi-
tional foods (fermented rice beverage, wanti and fermented
fish) of Meghalaya, India. The strains possessed promis-
ing probiotics properties and were identified to be safe for
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use as food supplement. L. plantarum KGL3A survived
in gastric juice for 2 h and also showed highest cell sur-
face hydrophobicity towards n-hexadecane. Whereas, the
antioxidant activity and proteolytic activity were found
maximum for L. helveticus K14 and L. rhamnosus K4E.
L. fermentum KGL4 produced a substantially greater per-
centage reduction in cholesterol contents. Moreover, L.
fermentum KGL4 and S. cerevisiae WBS2A also exhib-
ited strong anti-inflammatory activity on LPS-induced
inflammation in RAW 264.7 cells. Therefore, these data
confirm that WBS2A and KGL4 may be a potent product
for the alleviation of inflammation and related comorbidi-
ties. Further investigation might lead to more insights into
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their potential health benefits through in vivo studies with
scientifically proven health benefits to improve quality of
human life.
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