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Abstract
This study aims to isolate and identify lactic acid bacteria from fermented flour of selected finger millet varieties grown in Sri
Lanka and to evaluate their probiotic attributes and bioactive properties in vitro. Fifteen lactic acid bacteria were isolated from
three varieties of fermented finger millet flour namely ravi, raavana and oshadha. These isolates were screened for phenotypical
and biochemical characteristics. The selected isolates were identified by 16 S rRNA sequencing as Bacillus cereus (five strains),
Streptococcus lutetiensis, Lactobacillus plantarum, Lactobacillus fermentum (two strains), Brevibacillus borstelensis,
Paenibacillus species, Lactococcus lactis subspecies lactis, Enterococcus faecium, Pediococcus acidilactici, and Enterococcus
lactis, and their partial sequences were deposited in GenBank. Among them, five isolates including two isolates, L. plantarum
MF405176.1 and L. fermentumMF033346.1 isolated from ravi; two isolates, L. lactisMF480428.1 and E. faeciumMF480431.1
isolated from raavana; and P. acidilactici MF480434.1 isolated from oshadha varieties respectively, exhibited in vitro safety
attributes and could tolerate acid, gastric juice, bile, salt, phenol, and temperature under simulated gastric conditions, and also
were susceptible to antibiotics tested. Further, they demonstrated bactericidal activity against both drug-sensitive and multidrug-
resistant pathogens. Among the selected isolates, L. plantarumMF405176.1 demonstrated highest hydrophobicity and adhesion
to both colon colorectal adenocarcinoma and colon colorectal carcinoma cell lines. L. lactis subspecies lactis MF480428.1
exhibited the highest auto-aggregation and 2, 2, diphenyl-1-pricrylhydrazyl free radical scavenging activity. P. acidilactici
MF480434.1 demonstrated the lowest IC50 values against HCT-116 and HT-29 cells. None of the LAB isolates could assimilate
> 10% cholesterol in vitro.
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Introduction

Probiotics are defined as Blive microorganisms, which
when administered in adequate amounts confer health ben-
efit to the host^ (FAO/WHO 2002). Prebiotics are non-
digestible food components that are utilized by probiotics,
which ultimately provide health benefits to the host (FAO/
WHO 2007). Positive relationship has been established
between probiotic food and health benefits that include
reduction of non-communicable diseases (such as hyper-
lipidemia, hypertension, colorectal cancers, kidney dis-
eases, and hepatic diseases), reduction of gastrointestinal
diseases (such as irritable bowel syndrome, lactose intol-
erance, constipation, Helicobacter pylori infection, and
gastric ulcers), improvement of immunity, upper respirato-
ry tract infections, uro-genital health, oral health, sexually
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transmitted diseases, allergies, inflammation reactions,
metabolism, neurological disorders, and pregnancy- and
childhood-associated disorders (Felley et al. 2001;
Chmielewska and Szajewska 2010; Guglielmetti et al.
2011; Homayouni et al. 2012; Kechagia et al. 2013;
Sharma and Shukla 2016). In order to exert beneficial ef-
fects to the host, potential probiotic candidate should pos-
sess a number of desirable characteristics, such as toler-
ance to gastric concentrations of acid, bile, salt, phenol,
gastric juice, and temperature; ability to aggregate and
adhere in to epithelial cells; and free from virulence caus-
ing factors. These characteristics facilitate smooth transi-
tion of probiotics through gut and enable colonization
(Gibson and Fuller 2000). Due to proven health benefits,
probiotic foods have gained a high market revenue
(Sharma et al. 2013) and expected to reach US$64.02 billion
by 2022 (rnrmarketresearch.com) (RnR Market Research
2017). Majority of probiotic food are of dairy origin,
considering several known health risks associated with
consumption of dairy-based probiotic foods, i.e., intolerance to
milk sugar lactose, allergy to milk proteins, high fat, and cho-
lesterol content in the milk have led scientists to pursuit alterna-
tive substrates to produce non-dairy probiotic food of non-dairy
origin (Kumar et al. 2015).

Finger millet (Elucine coracana) is the most common-
ly consumed cereal after rice in Africa and South Asia
and has been denoted as the crop for future use due to its
high yield, resistance to pests and diseases, and superior
adaption to diverse environmental conditions (Chandra
et al. 2016). Besides being an abundant, low-cost, highly
nutritive ingredient, finger millet flour is rich in prebi-
otics including resistant starch and dietary fiber (Saleh
et al. 2013); therefore, it is an ideal substrate for non-
dairy probiotic food. In Sri Lanka, over 200 germplasm
accessions of finger millet varieties are preserved at the
Plant Genetic Resource Centre, Gannoruwa, Sri Lanka
(Dasanayaka 2016). Among them, three varieties, Ravi,
Ravana, and Oshadha, are recommended as early matu-
rity and high yielding varieties by the Department of
Agriculture, Sri Lanka. Although the compatibility of
finger millet flour in development of non-dairy probiotic
food is extensively reported in African continent
(Adebiyi et al. 2017), to the best of our knowledge, no
studies have been reported to evaluate flour of finger
millet varieties grown in Sri Lanka as a potential probi-
otic and prebiotic source. Among the probiotic potential
different microorganisms, lactic acid bacteria (LAB) are
extensively reported as commercial probiotics (Menconi
et al. 2014). With this background, the objective of this
study was to isolate and identify lactic acid bacteria from
fermented flour of selected finger millet varieties grown
in Sri Lanka and to evaluate their probiotic attributes and
bioactive properties in vitro.

Materials and methods

Sample collection and isolation of lactic acid bacteria

Three finger millet varieties, Ravi, Ravana, and Oshadha,
were selected for the study. Seeds were collected from the
germplasm of the Field Crop Research and Development
Institute, Mahailluppallama, Sri Lanka. The seeds were
transported to the microbiology laboratory, Industrial
Technology Institute within 6 h at < 20 ± 2 °C. Samples of
each variety were washed with sterilized water under aseptic
conditions and oven dried at 35 °C (Memmert, Germany) till
the moisture content reduced to < 10%. Dried samples were
ground in a rotor mill (Fritsch, Germany), passed through
sieve (0.5 mm), and were packed in commercially sterile
pouches and stored at 4 °C. Twenty-five grams of each variety
(n = 6) was transferred into pre-sterilized glass beakers cov-
ered with aluminum foil. The flour samples were mixed with
100ml of sterilized tap water and left to ferment in a biological
safety cabinet at 26–28 °C for 18 h. Each fermented sample
was serially diluted up to 106 in sterilized saline (0.85%NaCl,
w/v), spread on plates containing solidified de Man, Rogosa,
and Sharpe (MRS) agar (Oxoid, UK) (Reis et al. 2016) and
incubated at 37 °C for 48 h.

Phenotypical and biochemical characterization
of lactic acid bacteria

Plates were observed for the colonies with typical LAB mor-
phology. These were isolated and further streaked again on
fresh MRS agar at 37 °C to check the purity. Colony morphol-
ogy (form, size, shape, surface, texture, color, elevation, and
margin) of the purified LAB isolates was evaluated as per the
standard protocols (Kunchala et al. 2016). Phenotypical char-
acterization was performed using Gram staining, endospore
staining (Collee et al. 2006), and motility evaluation (Pyar
and Peh. 2014). Biochemical tests including indole, methyl
red, voges proskauer, citrate utilization, catalase, oxidase,
starch hydrolysis, urease, and amino acid hydrolysis (arginine,
orinithine and lysine) were performed according to the
methods given in Mackie and MaCartney, 14th edition.
Sugar fermentation pattern of LAB isolates were investigated
according to Nazari et al. 2012 for sugars including glucose,
fructose, maltose, lactose, galactose, melezitose, melibiose,
arbinose, ribose, sucrose, salicin, sorbitole, mannitole, cellu-
lose, cellobiose, and dextrose (Sigma Aldrich, UK).

Molecular identification of lactic acid bacteria

Among the newly isolated bacteria, ten isolates that exhibited
phenotypical and biochemical characteristics similar to LAB
were selected for molecular identification. The selected iso-
lates were inoculated in to MRS broth and incubated at 37 °C
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for 18 h. From each bacterium, 2 ml was centrifuged
(14,000×g at 4 °C for 2 min). Pellets were mixed with Tris
EDTA buffer (200 μl) and re-centrifuged (14,000×g at 4 °C
for 2 min). This procedure was repeated once more. To each
pellet, 10 μl of proteinase K (100 μg/μl, w/v) was added and
mixed well. Subsequently, sodium dodecyl sulfate (10%,
10 μl) was added and incubated at 50 °C for 1 h. After incu-
bation, equal volumes of phenol and chloroform (110μl) were
added and centrifuged (14,000×g at 4 °C for 2 min). Ethanol
(30 μl, ≥ 99.8 v/v) and sodium acetate (15 μl, 3M) were added
to the aqueous layer, mixed in a vortex mixture and incubated
in ice bath for 1 h. After incubation, the tubes were centrifuged
(14,000×g at 4 °C for 5 min). Subsequently, the pellets were
mixed in ethanol (1 ml, 70%, v/v) and centrifuged (14,000×g
at 4 °C for 5 min). Supernatants were discarded and ethanol
was evaporated. Finally, each pellet was dissolved in ultra
pure water (40 μl) and stored at − 20 °C (Shahriar et al.
2011 modified). The extracted DNA was analyzed for its
quantity and purity using a gel documentation system (BIO-
RAD, UK) by mixing 5 μl of DNAwith 2 μl gel loading dye,
and gel was run at 60 V for 15 min. Polymerase chain reaction
(PCR) was performed using Dr. Max DNA Polymerase in a
DNA Engine Tetrad 2 Peltier Thermal Cycler (BIO-RAD,
UK) under the following conditions: initial denaturation
(95 °C, 5 min) followed by 35 cycles of denaturation
(95 °C, 30 s), annealing (55 °C, 30 s), initial elongation
(72 °C, 1 min), and final elongation (72 °C, 10 min). The
universal primers 27F (5′AGAGTTTGATCCTGGCTCAG
3′) and 1492R (5′GGTTACCTTGTTACGACTT3′) were
used in PCR (Doi et al. 2013), and the PCR product purifica-
tion was carried out using multiscreen- PCR filter plate
(Millipore, USA). The 16S ribosomal RNA gene of the puri-
fied DNA products was sequenced atMacrogen, South Korea.
Sequence analysis was done using Bioedit sequence align-
ment editor 7.0.2 software (Ibis therapeutics, Carlsbad, CA).
The database search for homologous sequences was per-
formed by Basic Local Alignment Tool of the National
Center for Biotechnology Information (NCBI). Sequences
with an identity of 98–99% or higher than those in databases
were allocated to the same species (Alschul et al. 1990). The
partial sequences of 16S rRNA gene of LAB isolates were
deposited at GenBank NCBI, USA. Phylogenetic analysis
was conducted according to neighbor-joining method
(Saitou and Nei. 1987) in MEGA7.

In vitro safety attributes of lactic acid bacteria

Identified LAB isolates were investigated for safety attributes
including hemolysis, DNAse, and gelatin hydrolysis (in vitro).
For the hemolysis test, blood agar prepared by supplementing
blood agar base (Hi media, India) with sheep blood (5%, v/v).
For the gelatin hydrolysis test, tryptone neopeptone dextrose
agar (TND) was prepared using tryptone (1.7%), peptone

(0.3%), dextrose (0.25%), NaCl (0.5%), K2HPO4 (0.25%),
agar (1.5%) and gelatin-bacteriological (0.4%) (w/v). For the
DNAse test, DNAse agar (Oxoid, UK) was prepared accord-
ing to the manufacturer’s instructions. The enzyme activities
were performed by inoculating the LAB isolates (105 cfu/ml)
in to the respective agar described above and incubated
(37 °C) for 48 h (Gupta and Malik. 2007). Blood agar plates
were observed for the presence of hemolysis zones β, α, and
γ. TND agar plates were saturated with ammonium sulfate
and observed for the clear zones, around the inoculated area.
DNAse agar plates were observed for thick plaque of growth
around the colonies. The reference strains used were
Streptococcus pyogeneATCC 19615 and Serratia marcescens
ATCC 13880 for hemolysis and DNAse/gelatin liquefaction
assays, respectively.

Probiotic attributes of lactic acid bacteria exposed
to in vitro gastric conditions (acid, bile, salt, phenol,
gastric juice, and temperature)

Isolated LAB strains that confirmed safety attributes
were inoculated into tubes containing sterile MRS broth
and incubated at 37 ± 1 °C for 18 h. After incubation,
the tubes were centrifuged at 10,000×g at 4 °C, 15 min.
Subsequently the pellets were washed with sterile saline
(0.89 NaCl, w/v) and centrifuged at 10,000×g at 4 °C,
15 min. Each pellet was individually dissolved in MRS
broth and adjusted to 0.5 Macfarland turbidity standards
(1.5 × 108 CFU/ml). From each bacteria, 100 μl was in-
oculated in MRS broth adjusted as per the gut conditions
(in vitro) including pH (1.5, 3, and 4 v/v HCl and 7 as
control), bile concentrations (0.2, 0.5, 1.0, 1.5, and
2.0%, w/v, porcine bile), salt concentrations (4, 5, 8,
and 12%, w/v NaCl), phenol concentrations (0.1, 0.2,
0.3, 0.4, and 0.5%, v/v), and simulated gastric juice of
pH 1.5 containing 0.05 g/l porcine bile, 0.10 g/l lyso-
zyme, and 0.10 g/l pepsin according to the method given
by Aswathy et al. 2008.

Antibiotic susceptibility of lactic acid bacteria in vitro

The LAB isolates that survive in gastric conditions were
investigated for the susceptibility/resistance to antibiotics.
Agar disc diffusion method (CLSI 2012) was performed to
evaluate the antibiotic susceptibilities of newly isolated
LAB against cefotaxime (15 μg), gentamycin (10 μg), tet-
racycline (30 μg), chloramphenicol (30 μg), sulfamethoxa-
zole (25 μg), ciprofloxacin (5 μg), amikacin (30 μg), baci-
tracin (10 units), ampicillin (10 μg), amoxicillin (30 μg),
cephalothin (30 μg), vancomycin (30 μg), and erythromy-
cin (30 μg). The LAB isolates were grown on MRS agar
with respective antibiotics.
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Auto-aggregation ability of lactic acid bacteria in vitro

The LAB isolates that survived in gastric conditions were
further investigated for their auto-aggregation ability in vitro
according to the method of Kos et al. (2003) with some mod-
ifications. LAB isolates were grown inMRS broth and adjust-
ed to 0.5 Macfarland turbidity standards (1.5 × 108 CFU/ml)
as described earlier. The cell suspensions were mixed for 10 s
and incubated at 37 ± 1 °C for 5 h. At intervals of 0, 1, 2, 3, 4,
and 5 h, 200 μl of the upper suspensions of each reaction
mixer was transferred in to the 96-well plates. Absorbance
was measured at 620 nm. The auto-aggregation percentage
was expressed as a function of time using the following
formula.

Auto−aggregation %ð Þ ¼ 1−
At
A0

� 100

At absorbance at time⋅t ¼ 1; 2; 3; 4hð Þ;A0 absorbance at t ¼ 0ð Þ

Cell surface hydrophobicity of lactic acid bacteria
in vitro

Cell surface hydrophobicity was measured according to the
method given by Kos et al. 2003. The LAB isolates were
inoculated in sterile MRS broth and incubated at 37 ± 1 °C
for 18 h. The cells were harvested by centrifugation
(Centurion Scientific k3 series, UK) at 5000×g at 4 ± 1 °C,
15 min. The pellets were washed twice with PBS. The cells
were adjusted to 108 CFU/ml and re-suspended in KNO3 so-
lution (0.1 Mol/dm3, pH 6.2). Initial absorbance of cell sus-
pensions were measured at 620 nm (A0). Each LAB isolate
was investigated for their ability to adhere into three solvents:
xylene (non-polar solvent), ethyl acetate (non-polar and basic
solvent), and chloroform (non-polar and acidic solvent). One
milliliter of solvent was added to 3 ml of cell suspension and
incubated for 10 min at 37 ± 1 °C. The two-phase system was
mixed for 2 min. After mixing, the reaction mixture was in-
cubated at 37 ± 1 °C, 20min. The aqueous phase was removed
and absorbance was measured at 620 nm. The percentage
microbial adhesion to solvents (MATS) was calculated using
following formula:

MATS %ð Þ ¼ 1−
A1

A0
� 100

where A1 = absorbance of aqueous layer, A0 = Absorbance of
control.

Cell adhesion of lactic acid bacteria in vitro

Ability of selected LAB isolates to adhere in to two epithelial
cell lines namely Homo sapiens colon colorectal adenocarci-
noma ATCC HTB 38 (HT-29) and Homo sapiens colon

colorectal carcinoma ATCC CCL-247 (HTC-116) in vitro
was performed according to Duary et al. 2011 with modifica-
tions. The cell lines were obtained from the bio bank of the
International Centre for Chemical and Biological Sciences
(ICCBS), University of Karachi, Pakistan, and maintained in
Dulbecco’s modified Eagle’s medium supplemented with
10% fetal bovine serum (v/v), 1% l-glutamine (v/v), and 1%
penicillin-streptomycin solution (v/v). The medium was ster-
ilized by filtration and stored at 4 ± 1 °C until use. Monolayer
of cell lines with 80% confluence was used in the study.

The LAB isolates were grown in MRS broth and adjusted
to 0.5 Macfarland turbidity standards (1.5 × 108 CFU/ml) as
described earlier. LAB cells were further, serially diluted in
tubes containing sterilized PBS and adjusted the cell concen-
trations to 1.5 × 102 cfu/ml. from each cell line, 106 cells/ml in
0.5 ml of DMEM was placed in six-well tissue culture plates
and incubated at 37 ± 1 °C for 24 h in 5% CO2. The media of
the flaks containing HT-29 and HCT-116 were discarded, and
the new media were added every other day. After 14 days of
incubation (14 days post confluence phase), monolayers were
washed twice with sterile PBS. One milliliter of LAB isolate
and 1 ml of DMEM media were inoculated in to the wells
containing monolayers (n = 9). The plates were further incu-
bated at 37 ± 1 °C for 1 h in 5% CO2 (Nuaire NU-8700E,
USA). After 1 h, the monolayers were washed five times with
sterile PBS, fixed with methanol and observed under micro-
scope (Optica B 500 i, Italy) at magnification of × 100.
Subsequently, the attached LAB cells/well were counted and
adhesion ability was expressed as the percentage ratio be-
tween the LAB cells initially inoculated and the LAB cells
remained attached after washing with PBS.

Investigation of isolated lactic acid bacteria
for in vitro bioactivity

Intracellular cell free extracts isolated lactic acid bacteria were
investigated for their potential bio-activities including anti-
bacteria, ant-cancer, DPPH FREE radical scavenging activity,
and cholesterol assimilation ability in vitro.

Preparation of ICCE of LAB isolates

Selected LAB isolates were inoculated into sterile MRS broth
and incubated at 37 ± 1 °C for18 h. The LAB cells were har-
vested by centrifugation at 10,000×g, 5 min at 4 °C; pellets
were washed twice and re-suspended in sterile phosphate-
buffered saline (PBS). The cells were adjusted to 0.5
Macfarland standard (1.5 × 108 CFU/ml) and the intracellular
components of the cells were extracted by ultrasonic disrup-
tion (Sonorex RK100H, Germany) as described by Zhang
et al. (2011). Debris of the LAB cells was removed by centri-
fugation (10,000×g, 10 min at 4 °C) to obtain the intracellular
cell free extract (ICCE).
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Anti-bacterial activity of lactic acid bacteria

The anti-bacterial activity was studied against drug-sensitive
organisms including Escherichia coli ATCC 2592, Klebsiella
pneumoniae ATCC 35594, Staphylococcus aureus ATCC
6571, Streptococcus sanguinis ATCC 10556, Streptococcus
salivarius ATCC 13419, Enterococcus faecalis ATCC49532,
S. flexenari ATCC 12022, Acinetobacter baumannii ATCC
17978, Streptococcus mutans ATCC 25175, and
Streptococcus pyogenes ATCC 700294 and multidrug-
resistant organisms including Escherichia coli ATCC 35218,
Staphylococcus aureus 16 EMRSA NCTC 13143, Klebsiella
pneumoniae ATCC 700603, Enterococcus faecalis ATCC
700802, and Salmonella enterica ATCC 700408. The
abovementioned pathogenic bacterial strains were obtained
from Microbial Bank of ICCBS, University of Karachi,
Pakistan. Anti-bacterial activity of intracellular cell-free ex-
tracts of the selected LAB was evaluated according to the
method given in Tharmaraj and Shah (2009) with modifica-
tions. Each test pathogenwas inoculated in to tubes containing
sterile nutrient broth and incubated at 37 ± 1 °C for 18 h. After
incubation, the tubes were adjusted to 0.5 Mcfarland turbidity
standards (1.5 × 108 CFU/ml). Soft agar was melted and at 45
± 2 °C, 100 μl of each pathogenic culture was added to sepa-
rate soft agar tubes and poured onto the solidified agar plates.
Plates were rotated to evenly distribute the culture and allowed
to solidify. By using sterile 6-mm diameter borer, wells were
made on the solidified plates; wells were clearly marked.
Hundred microliters of each LAB intracellular cell free extract
was added to the wells. PBS was used as the control. Plates
were incubated at 37 ± 1 °C for 24 h. After incubation, inhi-
bition zones were measured using a calibrated scale and the
anti-bacterial activity was interpreted as per the criteria given
by Reis et al. 2016 (inhibition zones < 4 mm in diameter
considered as weak activity, inhibition zones of 5–9 mm in
diameter considered as average activity, inhibition zones >
10 mm in diameter considered as strong activity).

Anti-cancer activity of the intracellular cell free
extract of lactic acid bacteria

The intracellular cell-free extract of selected LAB was pre-
pared as described earlier, and the ICCE were freeze dried to
evaporate de-ionized water and stored at 4 °C until further use.
The freeze-dried LAB ICCE were dissolved in dimethyl sulf-
oxide to obtain the concentrations of 5 μg/ml, 25 μg/ml,
50 μg/ml, 250 μg/ml, and 500 μg/ml. Anti-cancer activity
was evaluated using the MTT [3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide] assay in Homo sapiens co-
lon colorectal adenocarcinoma (HT-29) ATCC HTB-38 and
Homo sapiens colon colorectal carcinoma (HTC-116) ATCC
CCL-247 cell lines obtained from the BioBank of the ICCBS,
University of Karachi, Pakistan, according to the method of

Aliabadi et al. 2014. The cell lines were as described earlier.
Dimethyl sulfoxide and cetuximab (Merck, UK) were used as
the control and reference drug, respectively.

DPPH free radical scavenging activity of intracellular
cell free extracts of lactic acid bacteria

The 2, 2, diphenyl-1-pricrylhydrazyl DPPH free radical scav-
enging activities of freeze-dried ICCE were dissolved in di-
methyl sulfoxide to obtain the concentrations of 5 μg/ml,
25 μg/ml, 50 μg/ml, 250 μg/ml, and 500 μg/ml and evaluated
the DPPH free radical scavenging activity according to the
method described by Perera et al. 2016. The absorbance was
recorded at 517 nm. The free radical scavenging activity was
calculated as follows.

Scavenging activity %ð Þ
¼ controlOD � sampleOD

� �
=controlOD

� �� 100

OD absorbance at 517 nmð Þ:

Dimethyl sulfoxide and 6-hydroxy-2-5-7-8-tetrame-
thylchroman-2-carboxylic acid (trolox) were used as the control
and reference standard, respectively.

BSH activity and cholesterol assimilation of lactic acid
bacteria

Bile salt hydrolysis screening medium was prepared by
supplementing MRS agar with 0.5% porcine bile w/v, 0.5%
sodium tauroglycocholate w/v, 0.5% taurodeoxycholic acid
sodium salt w/v, and 0.37 CaCl2 g/l (Singh et al. 2014).
LAB cells were adjusted to 0.5 Macfarland standards (1.5 ×
108 CFU/ml) and from each isolate, 100 μl was spotted on bile
salt hydrolysis (BSH) screening plates and incubated at 37 °C
for 48 h. After incubation, BSH activity was calculated by
measuring the precipitation zones.

Cholesterol assimilation of LAB was quantified accord-
ing to the method described by Duchesneau et al. (2014)
with some modifications. Modified MRS broth (MRS
broth containing porcine bile 0.3%, w/v and water-soluble
cholesterol 0.1 g/l) was prepared, and absorbance was
measured at 570 nm. LAB cells were adjusted to 0.5
Macfarland standards (1.5 × 108 CFU/ml) and from each
isolate, 100 μl was inoculated in modified MRS broth
and incubated at 37 °C, 48 h followed by centrifugation
at 4500×g (4 °C, 5 min). Supernatant (1 ml) mixed with
ethanol (3 ml, 95%, v/v), potassium hydroxide (2 ml, 50%,
w/v), heated (60 °C, 10 min) and cooled. Hexane (5 ml)
and distilled water (1 ml) were added to the mixture, incu-
bated at room temperature for 10 min and separated an
aliquot of hexane layer, and the solvent was evaporated
under nitrogen. To these tubes, freshly prepared O-
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phtalaldehyde in acetic acid (1 ml, 50 mg/ml) and concen-
trated H2SO4 (250 μl) was mixed and incubated at room
temperature (10 min). Absorbance of reaction mixture was
measured a t 570 nm in UV spect rophotometer.
Uninoculated MRS broth was used as the control. A stan-
dard curve of absorbance versus cholesterol concentrations
was generated using the cholesterol concentrations of 0–

500 μg/ml cholesterol in MRS. The cholesterol assimilated
by the LAB isolates was calculated using the following
formula:

Cholesterol assimilated μg=mlð Þ
¼ cholesterol μg=mlð Þ½ �0h− cholesterol μg=mlð Þ½ �24h

Table 1 Carbohydrate
fermentation pattern of lactic acid
bacteria isolated from fermented
flour of finger millet varieties

Isolate
code

G F M L GA MZ MB A R SU SA SO MN C CB D

R01 + + + + + – – – – + – – – – – +

R03 + + + + + – – – – + – – – – – +

R05 + + + + + – – – – + – + + – – +

R06 + + + + + – – – – + + + + – – +

R17 + + + + + – – – – + – + + – – +

RV02 + + + + + – – – – + – + + – – +

RV07 + + + + + – – – – + – + + – – +

RV11 + + + + + – – – – + – + + – – +

RV19 + + + + + – – – – + – + + – – +

RV28 + + + + + – – – – + – – + – – +

O01 + + + + + – – – – + + + – + – +

O02 + + + + + – – – – + – – – – – +

O06 + + + + + – – – – + – – – – – +

O24 + + + + + – – – – + – – + – – +

O28 + + + + + – – – – + – – + – – +

The letters R, RV, and O refers to lactic acid bacteria isolated from Ravi, Ravana, andOshadha varieties of finger
millet. The letters G, F, M, L, GA, MZ, MB, A, R, SU, SA, SO, MN, C, CB, and D refer to glucose, fructose,
maltose, lactose, galactose, melezitose, melibiose, arabinose, ribose, sucrose, salicin, sorbitol, mannitol, cellulose,
cellobiose and dextrose, respectively. + ferment, − do not ferment

+ ferment, − do not ferment

Table 2 16S ribosomal RNA
sequencing results of the isolated
lactic acid bacteria and their
GenBank accession numbers

Isolate code Genus /Species identification NCBI GenBank accession

R01 Paenibacillus species MF480545.1

R03 Bacillus cereus MF480550.1

R05 Streptococcus lutetiensis MF574476.1

R06 Brevibacillus borstelensis MF480552.1

R17 Lactobacillus plantarum MF405176.1

RV02 Lactobacillus fermentum MF033346.1

RV07 Bacillus cereus MF480468.1

RV11 Lactobacillus fermentum MF405134.1

RV19 Lactococcus lactis subspecies lactis MF480428.1

RV28 Enterococcus faecium MF480431.1

O01 Bacillus cereus MF574478.1

O02 Bacillus cereus MF574479.1

O06 Bacillus cereus MF574477.1

O24 Pediococcus acidilactici MF480434.1

O28 Enterococcus lactis MF574475.1

The letters R, RV, and O refer to lactic acid bacteria isolated from Ravi, Ravana, and Oshadha varieties of finger
millet
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Statistical analysis

All experiments were conducted in triplicates and repeated
twice. The mean and standard error of the data obtained from
parallel experiments were calculated using Minitab 14. One-
way ANOVA (unstacked) followed by the multiple compari-
sons using Tukey’s family error rate performed to analyze the
data. Values P < 0.05 were considered as significant.

Results

Isolation of lactic acid bacteria from fermented finger
millet flour

A total of 90 bacterial colonies were isolated from three vari-
eties of fermented finger millet flour namely Ravi (28),
Ravana (31), and Oshadha (31). Among them, 57 bacterial
colonies were demonstrated to have typical LAB colony mor-
phology on MRS agar as described by de Man et al. (1960)
and of which 38 were gram-positive cocci/bacilli that are non-
spore forming and non-motile organisms isolated from ravi
(14), raavana (13), and oshadha (11). LAB are usually gram-
positive cocci or bacilli, non-spore forming, and non-motile

organisms; hence, these new isolates were assumed for their
phenotypical similarity to LAB.

Biochemical characteristics of lactic acid bacteria

Biochemical characterization of the 38 phenotypically LAB
identical isolates revealed that 15 isolates namely R01, R03,
R05, R06, R17, RV02, RV07, RV11, RV19, RV28, O01,O02,
O06, O24, and O28 were negative for catalase, oxidase, in-
dole, voges proskauer, methyl red, citrate utilization, and ure-
ase. LAB isolates R03, R17, RV02, O01, and O02 were pos-
itive for starch hydrolysis. Isolates R03, R17, RV02, RV11,
and O24 could hydrolyze arginine, while none of the LAB
isolates could hydrolyze orinithine and lysine. LAB are usu-
ally negative to biochemical tests including indole, methyl
red, voges proskauer, citrate utilization, catalase, and oxidase
(Chowdhury et al. 2012). Amino acid hydrolysis during
growth provides energy to LAB for their metabolic activities
during fermentation (Pessione and Cirrincione 2016). Hence,
these 15 LAB isolates were selected for further studies.

Sugar fermentation pattern of lactic acid bacteria

Lactic acid bacteria represents a group of microorganisms that
are functionally related by their ability to produce lactic acid

Fig. 1 Evolutionary relationships of taxa of the lactic acid bacteria
isolated from fermented flour of finger millet. The evolutionary history
was inferred using the neighbor-joining method (Saitou and Nei 1987).
The optimal tree with the sum of branch length = 1.16278609 is shown.
The tree is drawn to scale, with branch lengths in the same units as those
of the evolutionary distances used to infer the phylogenetic tree. The
evolutionary distances were computed using the p-distance method (Nei

and Kumar, 2000) and are in the units of the number of base differences
per site. The analysis involved 15 nucleotide sequences. Codon positions
included were 1st + 2nd + 3rd + non-coding. All positions containing
gaps and missing data were eliminated. There were a total of 355
positions in the final dataset. Evolutionary analyses were conducted in
MEGA7*
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by fermenting sugars. Therefore, the ability to ferment differ-
ent carbohydrates is one of the important characteristic that
makes LAB ideal for fermentation. All 15 selected LAB iso-
lates could ferment sugars including glucose, fructose, malt-
ose, lactose, galactose, sucrose, and dextrose. Only isolate
O01 ferments cellulose. LAB strains R06 and O01 could also
ferment salicin, while, except isolates R01, R03, and RV28,
all others ferment sorbitol. Except isolates R01, R03, O01,
O02, and O06, all other isolates ferment mannitol. None of
the isolates could ferment melezitose, melibiose, arabinose,
and ribose (Table 1). Similar observations on sugar fermenta-
tion have been reported by Langston and Bouma (1960) on
LAB which was isolated from grass silage.

Molecular identification of newly isolated lactic acid
bacteria

The LAB were identified by comparing 16S rRNA partial
sequences with those present in NCBI GenBank. Sequences
showed 98–99% identity to the existing sequences which was
assigned to the same genus and species. The accession num-
bers obtained after depositing partial sequences in NCBI
GenBank are presented in Table 2, and the phylogenetic tree
of newly isolated LAB is presented in Fig. 1.

Safety attributes of isolated lactic acid bacteria

Out of 15 LAB isolated from fermented finger millet flour,
seven isolates namely R17 (L. plantarum), RV02
(L. fermentum), RV11 (L. fermentum), RV19 (L. lactis),
RV28 (E. faecium), O24 (P. acidilactici) ,and O28 (E. lactis)
were free from hemolysis, DNAse, and gelatin hydrolysis
in vitro thus possessing safety attributes. Hemolysis,
DNAse, and gelatin hydrolysis activity contribute to the inci-
dence of virulence in microorganisms; therefore, ideal probi-
otic candidates should be free from these virulence factors
(Halder et al. 2017).

Probiotic attributes of lactic acid bacteria

Seven LAB isolates R17, RV02, RV11, RV19, RV28, O24, and
O28 demonstrated significant differences (P < 0.05) in their
probiotic attributes. Except isolates RV11and O28, others tol-
erated acid up to pH 1.5 (Table 3). Probiotic bacteria need to
survive passage through the stomach, where the pH can lie
between 1.5 and 2.0 and further required to stay viable for 4 h
or more before they move to the gastrointestinal tract. Hence,
the primary host factors that may affect commercial probiotics
are the elevated levels of acidity in the proventriculus and ven-
triculus. Therefore, being tolerant to acidic conditions is an
important criterion to be considered throughout the selection
of potential probiotic isolates to assure their viability and func-
tionality (Bakari et al. 2011; Dunne et al. 2001). The average

concentration of bile salts in the small intestine is around 0.2–
0.3% and may increase up to 2% (w/v), depending upon the
host physiology as well as the type and amount of food ingested
(Bakari et al. 2011; Menconi et al. 2013). Healthy humans
commonly have about 0.3% bile (Vicente et al. 2008); hence,
commercial probiotic bacteria need to tolerate at least up to
0.3% bile (Dunne et al. 2001). Except isolate O28, all isolates
tolerated up to 1.5% bile. Isolates namely R17, RV02, and
RV28 tolerated up to 2% bile (Table 3). All isolates grew at
temperature between 30 and 42 °C (Table 3). Ability to tolerate
normal body temperature enables the probiotic to have an active
metabolism in the gut. On the other hand, ability to tolerate high
temperature enables the better rate of growth as well as high
yield of lactic acid production during fermentation and reduces
the contaminations in fermentation processes (Ibourahema et al.
2008). Except isolate RV11, others could tolerate NaCl up to
12% (Table 3). When LAB survives in 6.5% NaCl, they are
considered as osmo-tolerant. This osmo-tolerant characteristic
of LAB enables them to carry out metabolism and lactic acid
production even in the presence of high concentration of salts in
the gut (Menconi et al. 2014). Except isolates RV11 and O28,

Table 3 Probiotic characteristics of isolated lactic acid bacteria

Inhibitory condition Survival of LAB isolates

R17 RV02 RV11 RV19 RV28 O24 O28

pH 7 + + + + + + +

pH 3 + + + + + + +

pH 1.5 + + – + + + –

Gastric juice + + – + + + –

0.2% bile + + + + + + +

0.5% bile + + + + + + +

1.0% bile + + + + + + +

1.5% bile + + + + + + –

2.0% bile + + – – + – –

4% NaCl + + + + + + +

5% NaCl + + + + + + +

8% NaCl + + + + + + +

12% NaCl + + – + + + +

0.1% phenol + + + + + + +

0.2% phenol + + + + + + +

0.3% phenol + + + + + + +

0.4% phenol + + – + + + –

0.5% phenol – – – – – – –

30 °C + + + + + + +

37 °C + + + + + + +

42o C + + + + + + +

The letters R, RV, and O refers to lactic acid bacteria isolated from Ravi,
Ravana, and Oshadha varieties of finger millet

+ LAB survived in the presence of inhibitory conditions, − LAB did not
survive in the presence of inhibitory conditions)
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others tolerated simulated gastric juice of pH 1.5 (Table 3).
Ability of potential probiotic strains to survive in the human
gastric juice, which has pH between 1.5 and 2.0, is the key
indication that displays the ability of the strains to survive pas-
sage through the stomach (Shewale et al. 2014). Except isolates
RV11 and O28, others tolerated 0.4% phenol (Table 3). Phenols
are formed in the intestines by gut bacteria that deaminate var-
ious aromatic amino acids delivered by the diet or produced by
endogenous proteins. These phenol compounds can inhibit the
growth of probiotic LAB. Therefore, phenol tolerance is essen-
tial for their survival in the gastrointestinal tract (Yadav et al.
2016). The results of this study indicated that not all desirable
probiotic characteristics are present within a single isolate,
where many isolates displayed varying but promising capabil-
ities. Lactic acid bacterial isolates R17 (L. plantarum), RV02
(L. fermentum), RV19 (L. lactis), RV28 (E. faecium), and O24

(P. acidilactici) demonstrated superior probiotic attributes and
hence were selected for further studies.

Antibiotic susceptibility of lactic acid bacteria

Lactic Acid Bacterial isolates demonstrated significant differ-
ences (P < 0.05) in susceptibility/resistance at tested antibiotic
discs concentration. Isolates RV02, RV19 andO24were suscep-
tible to all the antibiotics at tested concentrations (Table 4).
Isolates RV 02, RV19, and O24 was susceptible to all the anti-
biotics at tested concentrations. Resistance or susceptibility to
antibiotics alonewill not cause risk in probiotic LAB candidates.
Ability to transfer the respective antibiotic resistance encoding
genes is the real cause of risk (Gueimonde et al. 2013) and
therefore need to investigate prior to commercial applications.

Table 4 Antibiotic susceptibility/
resistance pattern of newly
isolated lactic acid bacteria

Antibiotics Diameter (in mm) of the inhibition zone of the LAB isolates

R17 RV02 RV19 RV28 O24

Cefotaxime 19.25 ± 0.75b 24.50 ± 0.29a 26.25 ± 0.25a 21.50 ± 0.87b 18.25 ± 0.25b

Gentamycin 13.00 ± 0.0c 12.50 ± 0.50c 12.50 ± 0.64c 18.50 ± 0.50a 13.75 ± 0.63c

Tetracycline 0. 0 ± 0. 0e 9.75 ± 0.48d 12.00 ± 0.0c 11.75 ± 0.48c 23.50 ± 0.50b

Chloramphenicol 14.75 ± 0.75b 16.00 ± 0.0b 20.25 ± 0.85a 0.0 ± 0.0c 15.75 ± 0.25b

Sulfamethoxazole 0.0 ± 0.0d 22.00 ± 0.41b 23.00 ± 0.0b 20.50 ± 0.29b 19.00 ± 0.0b,c

Ciprofloxacin 20.25 ± 0.25b 11.75 ± 0.48d 16.50 ± 0.50c 24.75 ± 0.48a 10.50 ± 0.50d

Amikacin 24.75 ± 0.25b 23.25 ± 0.25b 27.00 ± 0.58a 21.00 ± 0.58c 18.00 ± 0.0d

Bacitracin 34.75 ± 0.25a 29.75 ± 0.85b 16.25 ± 0.25e 21.00 ± 0.0d 16.00 ± 0.0e

Ampicillin 10.75 ± 0.63c 14.50 ± 0.50b 12.00 ± 0.0c 9.25 ± 0.25c,d 26.25 ± 0.25a

Amoxicillin 13.50 ± 0.29d 10.00 ± 0.0c 12.50 ± 0.50d 11.75 ± 0.48d 24.75 ± 0.48b

Cephalothin 23.75 ± 1.31a 16.50 ± 0.50c 17.00 ± 0.0c 18.50 ± 0.29c 15.50 ± 0.65c

Vancomycin 14.25 ± 0.85b 15.50 ± 0.50b 16.50 ± 0.29b 12.75 ± 0.48b 22.25 ± 0.85a

Erythromycin 20.75 ± 0.25b 23.00 ± 0.0a 21.25 ± 0.63b 22.75 ± 0.25a,b 16.75 ± 0.48d

Data is expresses as mean ± SEM, n = 9. With in a row, mean values with lowercase letters are significantly
different (P < 0.05). The letters R, RV, and O refers to lactic acid bacteria isolated from Ravi, Ravana, and
Oshadha varieties of finger millet. Concentration of antibiotic discs (cefotaxime—15 μg, gentamycin—10 μg,
tetracycline—30 μg, chloramphenicol—30 μg, sulphamethoxazole—25 μg, ciprofloxacin—5 μg, amikacin—
30 μg, bacitracin—10 units, ampicillin—10 μg, amoxicillin—30 μg, cephalothin—30 μg, vancomycin—30 μg,
and erythromycin—30 μg)

Table 5 Auto-aggregation of
isolated lactic acid bacteria LAB isolates Auto-aggregation (%) of LAB isolates with time (h)

1 h 2 h 3 h 4 h 5 h

R17 1.78 ± 0.26d,e 5.56 ± 0.10c,d 7.20 ± 0.11c 44.26 ± 0.56a,b 60.44 ± 1.71b

RV02 3.59 ± 0.27b,c 16.09 ± 0.48a 22.40 ± 0.27a 38.34 ± 0.59d 46.25 ± 0.55c

RV19 10.41 ± 0.12a 12.71 ± 0.75b 17.03 ± 0.30b 49.48 ± 1.06c 68.58 ± 1.55a

RV28 2.57 ± 0.29d 3.76 ± 0.86d 8.77 ± 0.49c 15.41 ± 0.55f 19.16 ± 0.62e

O24 10.53 ± 0.29a 13.91 ± 0.48a,b 15.38 ± 0.20b 27.14 ± 0.54e 36.86 ± 0.89d

Data is expressed as mean ± SEM, n = 9. Within a column, mean values with lowercase letters are significantly
different (P < 0.05). The letters R, RV, and O refers to lactic acid bacteria isolated from Ravi, Ravana, and
Oshadha varieties of finger millet
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Auto-aggregation ability of lactic acid bacteria

Probiotics that are able to auto-aggregate have the potentiality
to adhere in to the gut epithelium. Therefore, aggregation is
considered as a prerequisite of an ideal probiotic candidate
(Kos et al. 2003). In this study, isolate RV19 (L. lactis sub
species lactis) demonstrated highest auto-aggregation of
68.6%, which is higher than the reported data by Li et al.
(2015) of 12.49% auto-aggregation in a strain of L. lactis at
the end of 5 h incubation. Significant difference (P < 0.05) in
auto-aggregation was observed among the LAB strains
(Table 5). Auto-aggregating ability of LAB strains was ob-
served to be time dependent; therefore, increment of auto-
aggregation was observed with the increase of the incubation
period.

Hydrophobicity of lactic acid bacteria

Probiotics should exhibit hydrophobic surfaces for better ad-
herence to cells and solid materials in the gut (Del Re et al.
2000). Results revealed that isolates R17 (L. plantarum),
RV02 (L. fermentum), and RV19 (L. lactis sub species lactis)
demonstrated 67.20 ± 0.50%, 51.72 ± 0.25%, and 45.2 ±
0.88%, affinity to xylene, respectively. Therefore, these strains
have elevated hydrophobic properties (Giarous et al. 2009).
Further, it was observed that these strains demonstrated
highest auto-aggregation ability. Hence, as Del Re et al.
(2000) suggested that hydrophobicity improves the auto-ag-
gregation, observations of this study completely agree with
their statement. Isolate RV28 (E. faecium) and O24 demon-
strated 67.40 ± 0.22 and 47.16 ± 0.5% affinity for chloroform
respectively, which is an acidic solvent and electron acceptor
(Table 6). Based on physio-chemistry of microbial cell sur-
faces, several studies concluded that the presence of
glycoproteinaceous materials in the cell surface of bacteria
results in higher hydrophobicity, whereas presence of polysac-
charides results in hydrophilic surfaces (Rojas and Conway
1996; Pelletier et al. 1997).

Adhesion to epithelial cell lines by lactic acid bacteria

Significant differences (P < 0.05) in adhesion of LAB
isolates to HCT-116 and HT-29 cell lines were observed.
The results revealed that isolate R17 (L. plantarum) ex-
hibited highest cell adhesion with HCT 116 as well as
HT 29 demonstrating 53.50 ± 7.3 and 61.66 ± 5.7% ad-
hesion respectively. Whereas, RV28 (E. faecium) exhib-
ited the lowest adhesion to cell lines tested (Table 7).
Results of this study completely agree with Reid et al.
(1988) on the relationship of auto-aggregation and cell
adhesion.

Anti-bacterial activity of lactic acid bacteria

Lactic acid bacterial isolates R17 (L. plantarum), RV02
(L. fermentum), RV19 (L. lactis), RV28 (E. faecium), and
O24 (P. acidilactici) demonstrated potential bactericidal activ-
ity against drug-sensitive pathogens including E. coli,
K. pneumonia, S. aureus, S. salvarius, and S. flexenari and
multidrug-resistant pathogens including E. coli, S. aureus, and
S. enterica (Table 8). This study revealed the potential anti-
bacterial activity of newly isolated LAB strains against path-
ogens causing infections in gut, skin, and respiratory track.

Anti-cancer activity of intracellular cell free extracts
of lactic acid bacteria

The intracellular cell free extract of isolate O24 demonstrated
the lowest IC50 value of 151.98 ± 2.25 and 240.43 ±
2.57 μg/ml against HCT 116 and HT 29 cells, respectively.
Further, IC50 of the intracellular cell free extracts of LAB
isolates varied between 2.3- and 4-fold with comparison to
standard control drug cetuximab that showed IC50 value of
89.43 ± 2.65 and 120.55 ± 5.79 μg/ml against HCT 116 and
HT 29 cells, respectively (Table 9).

Table 6 Cell surface hydrophobicity of isolated lactic acid bacteria

LAB isolates In vitro adhesion (%) of LAB strains to different solvents

Xylene Ethyl acetate Chloroform

R17 67.19 ± 0.50 0 ± 0 32.14 ± 0.47

RV02 51.723 ± 0.88 0 ± 0 27.93 ± 0.22

RV19 45.2 ± 0.18 5.24 ± 0.09 23.40 ± 0.54

RV28 9.7 ± 0.75 0 ± 0 67.02 ± 0.22

O24 18.43 ± 0.71 21.22 ± 0.1 47.16 ± 0.94

Data is expressed asmean ± SEM, n = 9. The letters R, RV, andO refers to
lactic acid bacteria isolated from Ravi, Ravana, and Oshadha varieties of
finger millet

Table 7 Cell adhesion of isolated lactic acid bacteria

LAB isolates In vitro adhesion (%) of LAB strains to different cell lines

HCT-116 HT-29

R17 53.5 ± 7.38 61.66 ± 5.77

RV02 41.66 ± 4.07 48 ± 3.97

RV19 20.16 ± 2.26 27.33 ± 2.99

RV28 19.16 ± 2.26 20.66 ± 1.55

O24 22.16 ± 2.65 29.5 ± 1.87

Data is expressed asmean ± SEM, n = 9. The letters R, RV, andO refers to
lactic acid bacteria isolated from Ravi, Ravana, and Oshadha varieties of
finger millet
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DPPH free radical scavenging activity of intracellular
cell free extracts of lactic acid bacteria

Significant differences (P < 0.05) in DPPH free radical
scavenging activity was observed in the intracellular cell
free extracts of LAB isolates at 500 μg/ml concentra-
tion. Isolate RV19 exhibited the highest DPPH free rad-
ical scavenging activity of 54.33 ± 0.88% followed by
R17 which demonstrated scavenging activity of 49.00
± 2.65% (Table 10).

BSH activity and in vitro cholesterol assimilation
of lactic acid bacteria

BSH activity was reported to influence the metabolism of
cholesterol in mammals. In this study, weak BSH activity
was observed in all the isolates excepting RV28 which did
not exhibit any BSH activity (Table 11). Except RV28, other
isolates demonstrate < 10% of cholesterol assimilation
in vitro. Tanaka et al. (1999) stated that BSH activity is high
in genus Bifidobacterium compared to Lactobacillus and fur-
ther suggested that high BSH activity is commonly present in
strains isolated from gastrointestinal track of mammals, when

Table 8 Anti-bacterial activity of intracellular cell free extracts of isolated lactic acid bacteria

Test pathogens Mean diameter of the zones of inhibition (in mm)

R17 RV02 RV19 RV28 O24

E. coli ATCC 2592 15.33 ± 0.33b 16.67 ± 1.45b 15.33 ± 0.33b 17.33 ± 0.33b 15.33 ± 0.33b

K. pneumonia ATCC 35594 15.33 ± 0.33c 14.66 ± 0.33c 15.00 ± 0.00c 18.33 ± 0.33b 18.33 ± 0.33b

S. aureus ATCC 6571 10.33 ± 0.33d 13.33 ± 0.33c 12.66 ± 0.33c 13.33 ± 0.33c 13.00 ± 0.57c

S. sanguinis ATCC 10556 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b

S. salvarius ATCC 13419 14.66 ± 0.33d 16.00 ± 0.00c 16.00 ± 0.00c 10.66 ± 0.33e 14.00 ± 0.00d

S. flexenari ATCC 12022 14.33 ± 0.33b 15.66 ± 0.33b 16.00 ± 0.00b 12.33 ± 0.66c 15.66 ± 0.33b

E. faecilis ATCC 49532 8.33 ± 0.33d 0.00 ± 0.00e 0.00 ± 0.00e 0.00 ± 0.00c 12.66 ± 0.33e

A. baumani ATCC 17978 0.00 ± 0.00g 15.33 ± 0.33c 11.33 ± 0.33f 13.00 ± 0.00e 14.33 ± 0.33d

S. mutans ATCC 25175 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c

S. pyogenes ATCC 700294 0.00 ± 0.00e 12.00 ± 0.00c 12.33 ± 0.33c 15.00 ± 0.57b 13.66 ± 0.33b,c

E. coli ATCC35218a 15.33 ± 0.33c 16.00 ± 0.00c 18.33 ± 0.33b 16.66 ± 0.33b,c 15.33 ± 0.33c

S. aureusa NCTC13143 17.33 ± 0.33c 15.00 ± 0.00b 17.66 ± 0.66c 18.66 ± 0.66b 15.66 ± 0.33b

K. pneumonia ATCC700603a 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c

E. faecilis ATCC700802a 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c 0.00 ± 0.00c

S. enterica ATCC700408a 12.00 ± 0.00d 15.33 ± 0.33b 9.66 ± 0.88d 16.00 ± 0.00b 15.66 ± 0.66b

Data is expressed as mean ± SEM, n = 9.Within a row, mean values with lowercase letters are significantly different (P < 0.05). The letters R, RV, and O
refers to lactic acid bacteria isolated from Ravi, Ravana, and Oshadha varieties of finger millet
aMultidrug-resistant strains

Table 9 Anti-cancer activity of the intracellular cell free extracts of
isolated lactic acid bacteria

LAB isolate IC50 values (μg ml−1) of the intracellular
cell free extracts of LAB against cancer cell lines

HCT-116 HT-29

R17 371.10 ± 26.6 327.55 ± 2.63

RV02 354.80 ± 23.20 306.27 ± 1.74

RV19 319.43 ± 3.74 247.12 ± 4.68

RV28 203.60 ± 19.90 288.42 ± 4.64

O24 151.98 ± 2.25 240.43 ± 2.57

Referencea 89.43 ± 2.65 120.55 ± 5.79

Data is expressed asmean ± SEM, n = 9. The letters R, RV, andO refers to
lactic acid bacteria isolated from Ravi, Ravana, and Oshadha varieties of
finger millet
a Reference drug cetuximab

Table 10 DPPH free radical scavenging activity of the intracellular cell
free extracts of LAB isolates

LAB isolate DPPH free radical scavenging activity of
intracellular cell free extracts of LAB at 500 μg/ml

R17 49.00 ± 2.65a

RV02 12.33 ± 0.88c

RV19 54.33 ± 0.88a

RV28 46.33 ± 0.88a,b

O24 7.00 ± 0.58d

Data is expressed as mean ± SEM, n = 9. Within a column, mean values
with lowercase letters are significantly different (P < 0.05). The letters R,
RV, and O refers to lactic acid bacteria isolated from Ravi, Ravana, and
Oshadha varieties of finger millet
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compared to strains isolated from plants. Therefore, results of
our study agree with this statement (Table 11).

Discussion

Finger millet flour is reported as one of the most commonly
consumed ingredients in traditionally fermented food in Africa
such as ogi, uji, togwa, ogi-baba, kwunu-zaki, degue, and
mangisi since ancient times. The microorganisms involved in
fermentation of this food were identified as L. plantarum,
L. fermentum, L. brevis, L. delbrueckii, L. bulgaricus, and
Enterococcus species (Blandino et al. 2003). Further, the pro-
duction ofKoozhu, a fingermillet-based fermented food product
in India, contains Lactobacillus and Pediococcus as the starter
(Kumar et al. 2010), hence indicating the safe use of fermented
finger millet flour as an ideal substrate for the development of
probiotic food. In this study, five potential probiotic LAB strains
namely R17 (L. plantarum), RV02 (L. fermentum) and RV19
(L. lactis sub species lactis), RV28 (E. faecium), and O24
(P. acidilactici) were isolated from fermented finger millet flour,
which exhibited superior probiotic attributes including tolerance
to in vitro gastric conditions (acid, bile, salt, phenol, gastric juice,
and temperature), hydrophobicity, and auto-aggregative proper-
ties. Previous authors have also reported to isolate LAB strains
such as L. fermentum and L. plantarum (Leroy and Vuyst,
2004), L. lactis (Salama et al., 1995), E. faecium (Muyanja
et al., 2002), and P. acidilactisi (Soro-Yao et al. 2014) from
fermented finger millet-based food. According to Nomura
et al. (2006), there is no difference between the strains isolated
from dairy and non-dairy sources in terms of phenotypic and
genotypic characteristics and enzyme profile. They further re-
ported that plant-derived strains tolerate high salt, ferment a
range of carbohydrates, and produce flavors similar to dairy
derived strains.

Three isolates namely RV02, RV19, and O24 were suscep-
tible to all the antibiotics at tested concentrations, whereas other
two isolates demonstrated resistance to some. According to
Teuber et al. (1999), LAB frequently harbors plasmids of

different sizes, and some may contain antibiotic resistance de-
terminants. Therefore, LAB used as starter cultures for the pro-
duction of food could possibly contain antibiotic resistance
genes. However, virulence is established only if the organism
has the ability to transfer the resistance. Fewer physiological
and molecular data are available on the antibiotic resistances of
LAB in fermented foods.

Ability to adhere into gut epithelium is an important char-
acteristic of a potential probiotic candidate. In vitro models
with the use of human cell lines are extensively used for the
preliminary investigations of cell adhesion characteristics of
LAB strains. These models help to overcome constrains asso-
ciated with in vivo models (Kimoto et al. 1999). Two colonic
human intestinal epithelial cell lines namely HT-29 and HCT-
116 cell, which possess morphological and physiological
characteristics similar to normal human enterocytes, are there-
fore commonly used in in vitro models (Bernet et al. 1994). In
our study, intracellular cell free extracts of LAB isolates name-
ly R17, RV02, RV19, RV28, and O24 exhibited potential anti-
cancer activity.

The anti-bacterial activity is one of the most important
ways to measure the efficacy of potential probiotic candidates
that makes them ideal to use in alternative therapy to treat
bacterial infections. The results of the anti-bacterial activity
of the LAB isolates in this study revealed that they can inhibit
both drug-sensitive as well as multidrug-resistant human path-
ogens hence agreeing with the findings of earlier authors
(Georgieva et al. 2015). Cell lines containing colorectal cancer
cells are widely used to investigate the anti-cancer effects.
Mechanisms proposed to demonstrate the anti-cancer activity
extend from changes in the metabolic activities of gut micro-
flora and changes in the colon physicochemical conditions by
removing the carcinogens, producing anti-tumorigenic or anti-
mutagenic substances and increasing the immunity of the host
(Aliabadi et al. 2014). In this study, ICCE of selected LAB
isolates demonstrated anti-cancer activity against both HTC-
116 and HT-29 cell lines. The ICCE of LAB in our study
demonstrated low DPPH free radical scavenging activity and
cholesterol assimilation ability in vitro.

In conclusion, LAB namely R17, RV02, RV19, RV28, and
O24 isolated from fermented flour of finger millet varieties
grown in Sri Lanka demonstrated probiotic attributes and bio-
active properties in vitro therefore demonstrating the potenti-
ality to use them as probiotics.
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Table 11 Bile salt hydrolysis activity and cholesterol assimilation of
isolated lactic acid bacteria

LAB isolate BSH activity Assimilation of cholesterol (%)

R17 ++ 6.28

RV02 ++ 9.78

RV19 + 4.42

RV28 + 5.41

O24 ++ 9.14

The letters R, RV, and O refers to lactic acid bacteria isolated from Ravi,
Ravana, and Oshadha varieties of finger millet. + extent of precipitation
zone around the LAB isolates

+ extent of precipitation zone around the LAB isolates
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