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The present study searched for potential probiotic strains
from various human fecal samples. A total of 67 aerobic
and 38 anaerobic strains were isolated from 5 different cat-
egories of human feces. Systematic procedures were used to
evaluate the probiotic properties of the isolated strains.
These showed about 75-97% survivability in acidic and bile
salt environments. Adhesion to intestinal cell line Caco-2
was also high. The isolates exhibited hydrophobic properties
in hexadecane. The culture supernatants of these strains
showed antagonistic effects against pathogens. The isolates
were resistant to a simulated gastrointestinal environment
in vitro. Of the 4 best isolates, MAbB4 (Staphylococcus suc-
cinus) and FIAM3 (Enterococcus fecium), were promising
candidates for a potential probiotic. S. succinus was found
to be a probiotic strain, which is the second such species re-
ported to date in this particular genus. A substantial zone
of inhibition was found against Salmonella spp., which adds
further support to the suggestion that the probiotic strain
could help prevent intestinal infection. This study suggested
that the human flora itself is a potential source of probiotics.

Keywords: probiotics, bile tolerance, Caco-2, hydrophobi-
city, antimicrobial activity

Introduction

Probiotics are live microorganisms that alter the enteric
microbiota and confer a beneficial effect on the health of
all age groups when supplied in adequate amounts (Park et
al., 2002; Liu et al., 2007). They are fastidious in nature and
their survival at high numbers during the passage through
the human gastrointestinal tract (GIT) is a major challenge
for effective delivery of these beneficial bacteria (Annan et
al., 2008). The beneficial bacteria associated with probiotic
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activity have frequently been lactic acid bacteria (LAB) or
bifidobacteria.

During the first few weeks of life, a complex microbial
community develops in the human GIT, which is dominated
by bifidobacteria and later, when exposed to the environ-
ment, another microflora starts developing as the bifido-
bacteria decrease (Embleton and Yates, 2008). About 100
trillion bacterial cells from at least 400 different species are
found in the human intestine, far exceeding the numbers
of host cells (Backhed et al., 2005). Throughout adult life,
the homeostatic state of the gut can be altered by environ-
mental pollution and other stress conditions in the modern
life style, which may lead to acute and chronic disorders.
Extrinsic factors affecting the microbial pattern in infants
were found to be: mode of delivery, type of infant feeding,
gestational age, infant hospitalization and antibiotic use
(Penders et al., 2006). Hence, to combat this problem, pro-
biotics can be administered to re-establish the bacterial po-
pulation in the GIT by restoring the balance of the micro-
flora, thereby avoiding further infection or some intestinal
disorders. For bacteria to act as a probiotic, a number of is-
sues of safety, function and technology should be fulfilled.
The beneficial effect of probiotic strains depends on their
ability to survive during passage through the stomach,
their ability to establish themselves in the GIT and to com-
pete with pathogens (Liu et al., 2007).

Probiotic bacteria often belong to the genera Lactobacillus or
Bifidobacteria, though some probiotic strains of Streptococcus,
Candida, and E. coli have also been reported. Though it is
generally accepted that they provide health effects, knowledge
about the mechanism of action is limited. Suggested modes
of action for their health effects include the production of
antimicrobial substances that might be bacteriocins or organic
acids, competition for nutrients by siderophore formation,
competitive exclusion of pathogen binding and modulation
of the immune system (Parvez et al., 2006; Bao et al., 2010).
There is an increasing interest in the development of adjunct
or alternative therapies based on bacterial replacement, using
probiotics isolated from the natural intestinal flora (Forestier
et al., 2001; Collado et al., 2007).

In an attempt to obtain probiotic strains, bacteria were
isolated from fecal samples taken from male and female
volunteers in various categories. These isolates were screened
for probiotic properties by determining their tolerance to
pH and bile salts, antimicrobial susceptibility, antibiotic
sensitivity, in vitro adhesion ability to intestinal cells and
some additional physiological properties. This study also
examined the transit tolerance of strains and characterized
them taxonomically.
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Materials and Methods

Sample collection

Fecal samples were collected from various groups of human
volunteers, viz male and female adults, male and female
children and pregnant women. Five samples were collected
from each category. The adults were aged between 25 to 50
years and children were aged between 3 months to 10
years.

Isolation of intestinal bacteria

For each sample, one gram of freshly voided feces was col-
lected, homogenized in sterile saline solution (0.85% NaCl
w/v) and stirred for 10 min. They were further serially di-
luted and plated on MRS agar (deMan Rogosa and Sharpe,
Himedia) for anaerobes in an anaerobic jar at 37°C for 48 h
and BHI agar (Brain Heart Infusion, Himedia, India) for
aerobes incubated at 37°C for 24 h (Gu et al., 2008). Mor-
phologically different colonies were selected randomly. The
selected colonies were purified by repeated streaking on the
appropriate agar media and subcultured periodically.

Screening for acid and bile tolerance

Initial screening of the 105 isolated microorganisms for
their probiotic features was performed by determining the
tolerance of cultures against various concentrations of acid
and bile salt. Tolerance for pH was studied by incubating
the isolates in appropriate medium adjusted to pH 2.0 and
3.0. One milliliter of overnight bacterial suspension was
adjusted to 0.6 OD at 620 nm using a UV-Visible spec-
trophotometer, then inoculated into 10 ml sterile medium
and incubated at 37°C. Samples were withdrawn periodi-
cally (at 0, 30, 60, 90, and 120 min) to determine the cell
concentration by measuring OD at 620 nm (Liu et al., 2007).
The 20 most pH tolerant isolates, based on survival rate,
were further studied for tolerance to bile salt concentration
(0.3, 0.5, and 0.8% of bile salt in BHI/MRS broth) by de-
termining the cell concentration at the same time intervals
as above (measuring OD at 620 nm) (Aswathy et al., 2008).

Tolerance to other inhibitory substances

The best four isolates of the 20 tested, which were tolerant
to both pH and bile, were selected, based on their overall
ranking from the pH and bile testing (MS Excel, 2010) and
were tested for tolerance to NaCl (3, 6, 9, and 12%) and
phenol (0.2, 0.4, 0.6%) as before (Aswathy et al., 2008).
Overall ranking of the isolates was performed using the
average of survival rate and stability to 120 min, with the
help of the Microsoft Excel tool.

Cell culture

Caco-2 cells were used to determine the adhesion capacity of
the isolates. Cells were purchased from NCCS, Pune, India
and were grown in Dulbecco-modified Eagle’s Minimal
Essential Medium (25 mM-glucose) (DMEM) (Sigma, USA),
supplemented with 20% (v/v) inactivated (30 min 56°C) fetal
bovine serum (Sigma). Cells were seeded at a concentration
of 4x10* cells/cm”. Monolayers of Caco-2 cells were prepared

on glass coverslips, which were placed in six-well tissue-cul-
ture plates. The culture medium was changed every 24 h. To
determine the number of Caco-2 cells in a monolayer, cells
were trypsinized for 10 min at 22°C and counted using a
haemocytometer.

Adhesion assay

Caco-2 monolayers were washed twice with phosphate-
buffered saline (PBS) (138 mM NaCl, 3 mM KCI, 6 mM
Na,HPO,, and 1.5 mM KH,PO,). For each adhesion assay,
0.5 ml of bacterial suspension was mixed with DMEM me-
dium (0.5 ml) and the final concentration of bacteria was
2x10° bacteria/ml. The bacterial suspension was added to
each well of the tissue culture plate, which was then incubated
at 37°Cin 5 % CO,. After incubation for 1h, cells were washed
five times with sterile PBS, fixed with methanol, Gram
stained and examined microscopically under oil immersion.
Each assay was conducted in triplicates. For each glass cover-
slip monolayer, the number of adherent bacteria was counted
in 20 random microscopic areas. Adhesion of bacteria was
expressed as number of bacteria adhering to 100 Caco-2 cells
(Chauviere et al., 1992).

Treatment of bacteria with various agents

To characterize the bacterial binding determinants, the bac-
terial cultures were subjected to various treatments. Bacterial
cells were incubated with trypsin, lipase and pepsin (2.5
mg/ml, Himedia) for 60 min at 37°C and with sodium met-
aperiodate (10 mg/ml, Himedia) for 60 min at room tempe-
rature. These bacteria were then used for the adhesion assay
as described above (Chauviere et al., 1992).

Scanning Electron Microscopy (SEM)

Cells for scanning electron microscopy were grown on glass
coverslips. The specimen was then examined with a scan-
ning electron microscope (Chauviere et al., 1992) to confirm
the adhesion of the isolates to the Caco-2 human intestinal
cells.

Antimicrobial activity assay

The inhibitory potential of the isolated strains was inves-
tigated using a modified agar well assay method as described
by Schillinger and Lucke (1987). Indicator organisms such
as Salmonella, Escherichia coli, Klebsiella etc. were used.
Overnight cultures of these pathogens were swabbed on
nutrient agar plates in which wells were cut. Supernatants
(50 ul) of 12 h isolated cultures grown in BHI/MRS broth
were added to the wells. They were further incubated for
24 h at 37°C. Activity was quantified by measuring the di-
ameter of any clear zone. Supernatant from medium broth
without inoculum was used as control.

Antibiotic resistance study

Antibiotic resistance patterns of the strains were determined
by a disk diffusion method using the Kirby-Bauer technique
(Bauer et al., 1966). Muller-Hinton agar plates were plated
evenly with 50 pl of isolates using a sterile swab. Antibiotic
discs were placed over the plates, which were then incubated



Table 1. Effect of pH on the growth of the selected isolates (OD at 620 nm)
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Isolates 0 min 30 min 60 min 90 min 120 min
2 3 2 3 2 3 2 3 2 3

MADbB4  0.22+0.02  0.15+0.04 0.194£0.03  0.15%+0.04 0.19+£0.02  0.16+0.03 0.18+0.09  0.16+0.02 0.17+0.01 0.16+0.05
MAdB1 0.10+£0.03  0.19+0.05 0.09+0.04 0.11+0.03 0.11+£0.03  0.11+0.02 0.11+£0.02  0.11+0.03 0.11+0.06 0.11+0.08
MAdB2  0.09+0.01  0.13£0.02 0.09+0.03  0.08+0.04 0.10+£0.03  0.09+0.03 0.10+£0.03  0.10+0.04 0.09+0.02 0.09+0.01
MIaB1 0.10+£0.02  0.10+0.01 0.12+0.04  0.12+0.05 0.12+0.04  0.12+0.02 0.10+0.04  0.14+0.05 0.07+0.02 0.14+0.05
MlaB2 0.17£0.02  0.17%0.03 0.19+£0.06  0.19£0.09 0.19+£0.05  0.19+0.03 0.09+£0.05  0.19+0.05 0.09+0.02 0.19+0.06
MleB1 0.15£0.04  0.13+0.04 0.17£0.07  0.15%0.01 0.18+0.02  0.16+0.04 0.17+£0.04  0.16£0.02 0.16+0.07 0.14+0.06
MleB4 0.20+£0.06  0.38+0.03 0.20+£0.04  0.18%0.02 0.16+£0.02  0.13+0.05 0.16+£0.02  0.07+0.07 0.14+0.06 0.07+0.03
FlaB1 0.29+0.04  0.12+0.07 0.18+0.05  0.13%0.06 0.17+£0.03  0.14+0.03 0.17+£0.03  0.13+0.03 0.15+0.05 0.12+0.02
FlaB3 0.23+£0.06  0.25+0.08 0.15+£0.06  0.15%0.08 0.16+£0.04  0.15%0.07 0.17+£0.04  0.13+0.05 0.13+0.03 0.13+0.02
FIcB1 0.241£0.03  0.14+0.04 0.14+£0.07  0.14%0.03 0.14+0.03  0.16+0.06 0.14+0.01  0.16£0.07 0.14+0.04 0.16+0.03
FIdB3 0.26£0.04  0.21+0.07 0.21£0.06  0.21+0.02 0.21+£0.05  0.21+0.05 0.21+£0.02  0.20+0.08 0.21+0.02 0.19+0.02
FAaB1 0.23+£0.02  0.21+0.09 0.22+0.08  0.18+0.03 0.23+0.06  0.18+0.01 0.23+0.03  0.19+0.05 0.21+0.09 0.19+0.01
FAbB2 0.32+0.03  0.14+0.04 0.15+0.05  0.14+0.04 0.14+0.07  0.13+0.02 0.14+0.02  0.12+0.02 0.11+0.03 0.11+0.04
FADB3 0.33+0.03  0.18+0.05 0.22+£0.06  0.20+0.02 0.21+0.03  0.18+0.02 0.20+0.01  0.18+0.03 0.18+0.04 0.17£0.03
PWaB3 0.19+0.01  0.10+0.03 0.14+0.04  0.13%0.07 0.11+0.02  0.11+0.01 0.11+£0.01  0.11+0.01 0.11+0.04 0.10+0.03
MAdM1 0.18+0.04 0.14+0.04 0.13+0.07  0.13£0.06 0.13+0.04  0.13£0.01 0.14+0.03  0.12+0.03 0.13+0.05 0.11+0.02
MIaM1 0.17£0.01  0.14+0.02 0.15+£0.02  0.13£0.08 0.13+0.01  0.14+0.03 0.12+£0.02  0.13+0.04 0.12+0.07 0.13+0.05
FlaM1 0.25+0.03  0.21+0.06 0.21£0.02  0.20£0.04 0.19+£0.02  0.19+0.04 0.18+0.01  0.10+0.02 0.18+0.04 0.01+£0.04
FIdM3 0.18+0.04 0.19+0.06 0.13+0.04  0.20%0.06 0.14+0.03  0.21+0.01 0.14+0.01  0.21+0.03 0.13+0.06 0.21+0.02
FAbM2 0.26£0.03  0.21+0.04 0.14+0.05  0.21+0.03 0.14+0.02  0.22+0.01 0.13+0.03  0.21+0.01 0.13+0.06 0.20£0.01

Each value in the table is the mean+standard deviation of triplicates

for 24 h-48 h at 37°C. The susceptibility and resistance of
the strains were determined as per recommendation of
NCCLS (NCCLS, 1997).

Hydrophobicity cell surface test

The degree of hydrophobicity of the strains was determined
by the method used by Aswathy et al. (2008) with slight
modification. This method was based on adhesion of cells.
Cultures were grown in 10 ml of appropriate broth, centri-
fuged at 6,000xg for 5 min and the cell pellet was washed

and re-suspended in 10 ml of Ringers solution (6% NaCl,
0.0075% KCl, 0.01% CaCl,, and 0.01% NaHCOs3). The ab-
sorbance at 600 nm was measured (OD,). Then 4 ml of cell
suspension was mixed with an equal volume of n-hexadecane
(apolar solvent), chloroform (acid solvent) and ethyl acetate
(basic solvent). They were mixed thoroughly by vortexing
for 2 min. The two phases were allowed to separate for 30
min and the absorbance of the aqueous phase (ODg) was
read at 600 nm.
% Bacteria adhesion = [(OD,-ODg) x 100]/OD4

Table 2. Effect of bile salts on the growth of the selected isolates (Each value in the table is the mean+SD of triplicates, OD at 620 nm)

Isolates

0 min

30 min

60 min

90 min

120 min

0.3%

0.5%

0.8%

0.3%

0.5%

0.8%

0.3%

0.5%

0.8%

0.3%

0.5%

0.8%

0.3% 0.5%

0.8%

MADbB4
MAdB1
MAdB2
MIaB1
MIaB2
MleB1
MleB4
FlaB1
FlaB3
FIcB1
FIdB3
FAaB1
FADbB2
FAbM3
PWaB3
MAdM1
FIdM3
FAbM2

0.21+0.02
0.08+0.03
0.08+0.02
0.09+0.01
0.17+0.04
0.21+0.06
0.22+0.06
0.28+0.09
0.18+0.01
0.25+0.03
0.22+0.04
0.23+0.03
0.14+0.05
0.13+0.06
0.14:+0.06
0.29+0.02
0.32+0.03
0.20+0.04

0.23+0.01
0.20+0.04
0.04+0.01
0.03+£0.01
0.15+0.02
0.13+£0.02
0.14+0.02
0.13£0.01
0.12+0.01
0.15£0.01
0.14+0.01
0.13£0.02
0.17+0.02
0.05+0.02
0.06+0.02
0.24+0.02
0.17+0.02
0.21+0.02

0.22+0.05
0.15+0.06
0.08+0.03
0.03+0.01
0.13+0.02
0.12+0.06
0.15+0.02
0.09+0.03
0.10+0.01
0.14+0.01
0.11+0.04
0.13+0.01
0.08+0.01
0.05+0.01
0.07+0.02
0.21+0.05
0.14+0.01
0.21+0.03

0.23+0.07
0.16+0.04
0.12+0.03
0.1240.02
0.19£0.02
0.19+0.04
0.18+0.01
0.20£0.01
0.13+0.06
0.15+0.05
0.19+0.06
0.18+0.06
0.24+0.01
0.19£0.04
0.19+0.04
0.37+0.03
0.51+0.07
0.25+0.07

0.260.02
0.17+0.01
0.13+0.02
0.11+0.03
0.18+0.05
0.15+0.02
0.14+0.01
0.19+0.06
0.12+0.06
0.12+0.05
0.16+0.04
0.15+0.05
0.19+0.06
0.16+0.02
0.17+0.01
0.37+0.08
0.25+0.09
0.21+0.02

0.24+0.01
0.15+0.01
0.12+0.03
0.10+0.01
0.15+0.03
0.14+0.01
0.12+0.01
0.13+0.01
0.11+0.02
0.12+0.02
0.18+0.03
0.15+0.04
0.20+0.06
0.17+0.02
0.18+0.06
0.28+0.08
0.29+0.08
0.20+0.07

0.27+0.04
0.15+0.02
0.19+0.01
0.13+0.05
0.27+0.06
0.35+0.06
0.16+0.02
0.33+0.01
0.13+0.02
0.14+0.03
0.20+0.01
0.20+0.02
0.32+0.04
0.28+0.04
0.31+0.06
0.360.07
0.32+0.10
0.32+0.09

0.29+0.01
0.17+0.04
0.20+0.06
0.12+0.01
0.20+0.02
0.31+0.05
0.12+0.02
0.30+0.09
0.15+0.01
0.11+0.01
0.18+0.03
0.16+0.02
0.30+0.05
0.25+0.02
0.29+0.04
0.32+0.07
0.24+0.07
0.25+0.04

0.27+0.02
0.15+0.01
0.18+0.04
0.1240.05
0.17£0.06
0.27£0.12
0.12+0.01
0.21+0.04
0.12+0.01
0.10+0.02
0.14+0.03
0.16+0.02
0.3240.05
0.24+0.03
0.29+0.04
0.31+0.11
0.25+0.02
0.24+0.04

0.32+0.01
0.16+0.03
0.25£0.11
0.09£0.01
0.16+0.02
0.62+0.15
0.16+0.01
0.53£0.13
0.10£0.01
0.08+0.02
0.22+0.04
0.19+0.06
0.35£0.07
0.34+0.09
0.41+0.12
0.39+0.14
0.32+0.11
0.32+0.09

0.34+0.10
0.17+0.03
0.23+£0.04
0.07£0.01
0.15+0.02
0.54+0.14
0.13+0.03
0.47+0.17
0.11£0.05
0.06+0.01
0.18+0.01
0.17£0.05
0.39£0.15
0.33£0.08
0.40£0.12
0.39+0.16
0.21+0.09
0.27+0.12

0.32+0.02
0.16+0.03
0.24+0.05
0.06+0.01
0.13+0.05
0.53+0.17
0.12+0.03
0.33+0.11
0.09+0.02
0.05+0.02
0.13+0.05
0.14+0.04
0.39+0.15
0.30+0.01
0.39+0.03
0.360.05
0.25+0.03
0.26+0.03

0.38+0.02 0.39+0.02
0.1620.02 0.18+0.02
0.24+0.02 0.23+0.02
0.06+0.02 0.05+0.02
0.14+0.02 0.12+0.02
0.64:£0.02 0.59+0.02
0.15+0.02 0.12+0.02
0.54:+0.02 0.48+0.02
0.09+0.02 0.10+0.02
0.07+0.02 0.06+0.02
0.23+0.02 0.18+0.02
0.17+0.02 0.160.02
0.37+0.02 0.40+0.02
0.35+0.02 0.350.02
0.42+0.02 0.41+0.02
0.39+0.02 0.38+0.02
0.29+0.02 0.19+0.02
0.35+0.02 0.31+0.02

0.37+0.02
0.15+0.02
0.21£0.02
0.03+£0.02
0.11+0.02
0.47+0.02
0.11+0.02
0.32+0.02
0.08+0.02
0.05+0.02
0.11+0.02
0.10£0.02
0.46+0.02
0.33£0.02
0.40+0.02
0.31+0.02
0.19+0.02
0.29+0.02
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Table 3. Overall ranking of isolated strains based on pH and bile tolerance

S.No Isolates Rank
1 MADbB4 1
2 FAbM2 2
3 FAbM3 2
4 FIdM3 4
5 FIdB3 5
6 MAdM1 6
7 MleB1 7
8 FlaB1 7
9 FAaB1 9

10 FAbB2 10
11 MIaB2 11
12 FIaB3 12
13 MleB4 13
14 FlaM1 13
15 PWaB3 15
16 FIcB1 16
17 MAdB1 17
18 MAdB2 18
19 MIaM1 19
20 MIaB1 20

Transit tolerance in gastrointestinal tract

Simulated gastric and small intestinal juices were prepared
fresh daily. A simulated gastric juice was prepared by sus-
pending 3mg/ml pepsin (1:3,000) in sterile saline and ad-
justed the pH to 3.0 with 1.0 M HCL. 1.0 ml of 24 h old cul-
tures was subjected to centrifugation (10,000 rpm, 10 min)
and washed twice with sterile saline before being re-sus-
pended in simulated gastric juice. Resistance was assessed
in terms of viable colony count and enumerated after in-
cubation at 41°C for 2 h. After 120 min of gastric digestion,
cells were harvested and suspended in simulated intestinal
fluid which contained 1 mg/ml pancreatin and 7% fresh
chicken bile at pH 8.0. The suspension was incubated at 41°C
for 6 h and the viable count was determined (Musikasang
et al., 2005).

Identification of the isolates

The isolates with the greatest probiotic effect were identified
by biochemical and molecular characterization. The DNAs
were isolated, amplified by PCR and then the 16S rRNA
genes in the PCR products were sequenced. The primers
used were universal primers 8F 5-AGAGTTTGATCCTGG
CTCAG-3" and 1492R 5'-GGTTACCTTGTTACGACTT-3".

The sequences were submitted to the GenBank database
and accession numbers were obtained.

Results

Fecal collection and isolation

One hundred and five bacterial strains were isolated from
samples of 5 different categories of feces. Of these, 67 strains
were aerobic and 38 were anaerobic. The strains that had
low probiotic properties and the isolates unable to grow
well at low pH were excluded. The best 20 isolates tolerant
of pH 2.0 and 3.0 were selected based on their higher ranking
and were used for further study (data not shown).

Screening of acid and bile tolerance

The effect of acidic conditions (pH 2.0 and 3.0) on the via-
bility of the 20 isolates is shown in Table 1. About 75-97%
survival was observed at low pH. After exposure for 120
min, strains FIdB3, FAaB1, FlaM1, FIdM3, and FAbM2
were found to survive at pH 2.0 at a higher rate compared
to other isolates. This indicated that the tolerance to low
pH was strain specific.

Bile tolerance has been described as an important factor
in addition to to pH tolerance for survival and growth of
microbes in the intestinal tract. The strains MAbB4, MIeB1,
FlaB1, FAbB2, and PWaB3 showed tolerance to 0.8% of bile
salts for 120 min (Table 2). However, MIaM1 and FlaM1
showed no growth at any of the bile concentrations. From
an overall ranking (MS Excel, 2010), based on the data for
survival rate and stability of the isolates for 2 h under various
pH and bile conditions, the best four isolates were selected
for further studies of their properties (Table 3).

Tolerance to other inhibitory substances

Assessments of probiotic potential also include the evalua-
tion of tolerance to inhibitory substances such as NaCl and
phenol. The top ranked 4 isolates from the pH and bile assays
were assessed for their tolerance to these two inhibitory
substances. The strains showed different degrees of resistance
to phenol. Of the four isolates, FAbM2 and FIAM3 were able
to tolerate 0.6% phenol. The others only tolerated 0.4% phe-
nol and their numbers decreased after 24 h of incubation.
With regard to salt tolerance, MAbB4, FAbM2, and FIdM3
were able to tolerate 12% NaCl with a slight decrease in their
survival rate. Table 4 shows the growth tolerance towards
these inhibitory substances as measured at 620 nm.

Table 4. Tolerance of the best strains towards growth inhibitory substances (OD at 620 nm)

NaCl

Phenol

Isolates 3% 6% 9%

12% 0.2% 0.4% 0.6%

0h 24h 0h 24h 0h 24h 0h 24h 0h 24h 0h 24h 0h 24h

MAbB4 0.37+0.06 1.58+0.12 0.37+0.13 1.43+0.17 0.37+0.06 0.99+0.05 0.39+0.03 0.86+0.03 0.29+0.01 1.16+0.08 0.31+0.05 1.60+0.15 0.27+0.07 0.4+0.03
FAbM2 0.19+0.02 1.28+0.13 0.22+0.05 0.84+0.07 0.21+0.05 0.31+0.03 0.21+0.03 0.20+0.04 0.22+0.02 0.83+0.09 0.27+0.04 0.77+0.06 0.31+0.06 0.39+0.04
FAbM3 0.25+0.04 1.77+0.02 0.23+0.06 1.49+0.14 0.25+0.03 1.38+0.13 0.29+0.01 0.98+0.06 0.28+0.04 1.21+0.11 0.24+0.02 0.20+0.01 0.24+0.03 0.11+0.03
FIdM3  0.19+0.03 0.64+0.12 0.19+0.01 0.55+0.02 0.20+0.01 0.26+0.03 0.21+0.02 0.13+0.01 0.23+0.04 1.10+0.14 0.22+0.03 0.21+0.02 0.36+0.03 0.32+0.04

Each value in the table is the mean+standard deviation of triplicates
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Fig. 1. The adhesion capacity of isolates to Caco-2 cells expressed as

number of adhered bacteria (CFU/cell). Number of bacterial cells was
counted from 20 random microscopic fields

Adhesion of strains to Caco-2 cells

High attachment was observed for MAbB4 was 166.66
CFU/cell, which was nearly that of the control strain Bifi-
dobacterium longum (175 CFU/cell). Low attachment to the

(A)

Fig. 2. Adhesion of MAbB4 strain to Caco-2 cells. (A) Light microscopy
using the Gram staining method. (B) Scanning electron microscopy
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Table 5. Adhesion of treated bacteria to Caco-2 cells

Isolates Lipase Trypsin Sodium metaperiodate
MAbB4 + + +
FAbM2 + = +
FAbM3 + + +
FIdM3 + + =
Control I i =

+, Denotes adhesion on Caco-2 cells after the treatment of bacterial cells
-, Denotes no adhesion or weak adhesion

differentiated Caco-2 cells was observed for FAbM2 with
an average of 24.33 CFU/cell and moderate attachment was
observed with FIdM3 and FAbM3 at 96.66 and 93.66
CFU/cell respectively (Fig. 1). Since the adhesion property
shows the closeness of host-microbe contact and the like-
lihood of competitive exclusion, the isolates with good at-
tachment were used for further studies. The adhesions of
the isolates were observed by light microscope using Gram
stain (Fig. 2A). The isolate with highest adhesion (MAbB4)
was also observed by scanning electron microscopy, which
showed that this isolate binds to Caco-2 cells without any
cell damage. It may use the brush borders of the Caco-2
cells for attachment (Fig. 2B).

To characterize the bacterial determinants involved in adhe-
sion, bacteria were subjected to various treatments. Treatment
of bacterial isolates with trypsin and pepsin lowered the
adhesion of isolates FAbM2 and MAbB4. Similarly, lower
attachment was found for FIdM3 subjected to sodium met-
aperiodate treatment (Table 5).

Antimicrobial activity assay

All the isolates showed a strong inhibition against Salmonella
spp., but there was only a weak inhibition against other patho-
gens (Table 6). There was no inhibition against Klebsiella
spp.» similar to the strains isolated from human volunteers
in China (Gu et al., 2008). No zone of inhibition was found
in the control well.

Antibiotic resistance

The susceptibility patterns of the isolates against various
antibiotics varied (Table 7). Two of the four isolates were
resistant to both nystatin and methicillin, with the other
two resistant to one but not both. There was no pattern of
resistance to the other antibiotics tested, with most strains
somewhat susceptible to most antibiotics, having a maximum
of 4 cm and minimum of 0.2 cm clear zone.

Table 6. Antimicrobial activities towards pathogens

Zone of clearance (mm)

Microbes tested MAbB4 FAbM2 FAbM3 FIdM3
Escherichia coli - - - 5+0.6
Salmonella sp. 4+0.7 7+0.6 240.3 10+£1.2
Enterococcus sp. - 7+0.4 5+0.8 12+0.9
Klebsiella sp. - 3+0.3 - -
Staphylococcus aureus 5+0.6 - - 4+0.2

Each value in the table is the meanztstandard deviation of triplicates
-, represents absence of inhibition
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Table 7. Antibiotic susceptibility test using the Kirby-Bauer method
Diameter of zone of inhibition (cm)

Antibiotic disks

MAbB4 FAbM2 FAbM3 FIdM3
Nystatin - - - 0.8+0.2
Erythromycin 2.0+0.4 = 1.6+0.3 1.0£0.4
Streptomycin 1.6+0.6 0.6+0.1 1.0£0.2 1.0£0.1
Amikacin 1.9+0.5 0.7+0.1 1.240.2 0.9+0.1
Ciprofloxacin 2.9+0.5 1.8+0.5 4.0+0.8
Bacitracin 1.5+0.2 1.1£0.1 1.3+0.6
Gentamycin 2.84£0.9 1.6+0.2 .0+0. 1.7+0.5
Tetracyclin 2.6+0.8 2.8+0.4 2.1+0.4 1.2+0.6
Methicillin 1.8+0.2 - -
Ceftrioxane 1.940.3 2.0+0.1 2.1+0.3 1.6+0.3

Each value in the table is the mean+standard deviation of triplicates

Hydrophobic cell surface test

The highest adhesion value for the microorganisms was ob-
tained with chloroform with a maximum of 72% for FAbM2,
which was higher than the results reported by Souza et al.
(2007) showing only 47.99% (Fig. 3). The results reveal that
hydrophobicity towards hexadecane was found in all the
four isolates and comparatively there was less hydrophobicity
towards ethyl acetate for all the isolates.

Transit tolerance in GI tract

The survival rate of the probiotics in the simulated GI transit
is presented in Fig. 4. MAbB4 and FIdM3 were equally re-
sistant to the pepsin and pancreatin treatment, which was
more or less similar to that of the control. They showed a
survival rate of 88% where the control was about 87%. The
next highest survival was observed for FAbM3 with 71%,
whereas the worst resistance was seen for FAbM2 with 47%.

Identification of the isolates

With regard to morphological and biochemical character-
istics, all the strains were Gram-positive cocci, catalase and
oxidase positive and H,S negative except for FAbM3, which

10 4
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Fig. 3. Percent hydrophobicity of selected strains to hydrocarbons. Assay
was done in triplicates and the bars represent the standard deviation

was a Gram-positive rod, and catalase and oxidase negative.
The DNA sequences obtained were compared with database
entries using BLASTN and the resulting phylogenetic trees
were constructed using Phylip 3.6. (Figs. 54, 5B, 5C, and 5D).
From the results, the strains MAbB4 FAbM2, FAbDM3 and
FIdM3 were found to be Staphylococcus succinus (JF920302),
Enterococcus durans (JF920299), Lactobacillus plantarum
(JF920301), and Enterococcus fecium (JF920300), respectively.
S. succinus MAbB4 is the second reported probiotic species
in this genus, with S. hominis reported to be probiotic pre-
viously (Sung et al., 2010).

Discussion

One of the baseline properties for probiotics is the ability
to survive in the upper GI tract. Before reaching the distal
part of the intestinal tract and exerting their probiotic effect,

r 100 Fig. 4. Survival rates of the isolates on sequential
incubation in simulated gastric juice and simu-
37 | 90 lated intestinal juice.
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Fig. 5. Phylogenetic relationship of (A) MAbB4 (B) FAbM2
(C) FAbM3 (D) FIdM3. (A) shows the phylogeny between
strain MAbB4 and members of the genus Staphylococcus
based on 16S rRNA gene sequences. The numbers are the
estimated confidence levels, expressed as percentages, for
the positions of the branches, determined by bootstrap
analysis. The scale bar indicates the evolutionary distance
value between sequences. (B) shows the phylogeny between
strain FAbDM2 and members of the genus Enterococcus
based on 16s rRNA gene sequences. The numbers are the
estimated confidence levels, expressed as percentages, for the
positions of the branches, determined by bootstrap analysis.
The scale bar indicates the evolutionary distance value be-
tween sequences. (C) shows the phylogeny between strain
FAbM3 and members of the genus Lactobacillus based on
16s rRNA gene sequences. The numbers are the estimated
confidence levels, expressed as percentages, for the positions
of the branches, determined by bootstrap analysis. The
scale bar indicates the evolutionary distance value between
sequences. (D) shows the phylogeny between strain FIdM3
and members of the genus Enterococcus based on 16S rRNA
gene sequences. The numbers are the estimated confidence
levels, expressed as percentages, for the positions of the
branches, determined by bootstrap analysis. The scale bar
indicates the evolutionary distance value between sequences.
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these bacteria must survive during transition through the
stomach and upper part of the intestinal tract (Bao et al.,
2010). There was no loss of viability in pH 3.0, however,
half of the isolates were not viable in pH 2.0. A survival rate
of 96% for 90 min at pH 3.0 was observed in the strains
isolated from human feces samples of volunteers inhabiting
Bama longevity villages (Liu et al., 2007). In comparison,
some of our isolates showed a significant survival rate for
120 min. In some reported cases, none of the strains grew
at pH 2.5 and only very few were reasonably acid tolerant
(Jacobsen et al., 1999; Aswathy et al., 2008). In contrast, the
strains isolated here did grow and some tolerated pH 2.0,
similar to the strains isolated by Gu et al. (2008). Bile at
0.3% is the concentration used in selection of probiotic or-
ganisms for humans (Pancheniak and Soccol, 2005) who
showed that a 0.3% bile tolerant organism is used as a pro-
biotic for swine. The daily average biliary flow is around 2 L
for a 40 kg swine, whereas a 70 kg adult human produces
400-800 ml of bile daily. Hence, 0.3% tolerable isolates could
be potential probiotics for humans. A study by Gu et al.
(2008) reported that 13 strains survived a 3 h exposure to
0.3% ox gall, which is in good agreement with our results,
as our strains survived more than 2 h.

Lan-Szu and Bart (1999) have substantiated that strains
selected as probiotic bacteria should tolerate acid and bile
at least for 90 min, which is the time needed to cross the
barrier; hence, in the present study the tolerance was checked
for 120 min. In the case of strains isolated from humans of
the Bama longevity village (Liu et al., 2007), 0.1 and 0.2% bile
salt had only a slight influence; however at 0.3% bile con-
centration, strains showed a critical effect. Different bifido-
bacterial strains showed distinct effects in their study. This
is in accordance with the present data where the 20 strains
showed varied effects. The resistance to phenol is an im-
portant probiotic property because phenol is formed in the
intestine due to bacterial deamination of some aromatic
amino acids derived from dietary and endogenous proteins.
The strains were highly resistant to NaCl for 24 h. L. plan-
tarum was also found to be tolerant to 0.4% phenol for 24 h
but L. johnsonii BFE663 and BFE6128 strains were com-
pletely inhibited after 24 h (Pinto et al., 2006). Higher salt
concentration allows the bacteria to initiate metabolism,
thereby producing acid, which in turn inhibits the growth
of non-desirable organisms. Hence, tolerance to NaCl is also
an important property for an efficient probiotic. The results
were found to be in accordance with the findings of Aswathy
et al. (2008) that an isolate from cabbage was tolerant to 12%
NaCl and four other isolates were tolerant only up to 8%.

Adhesion of the probiotic microorganisms to the intestinal
mucosa is a prerequisite feature for colonization and for
antagonistic activity against enteropathogens. The adher-
ence assay was carried out using the human intestinal cell
line Caco-2, a well characterized cellular lineage established
from human colonic adenocarcinoma (Fernandez et al.,
2009). The adhesion capacity of isolates is strain dependent
and hence highly variable (Lahteinen et al., 2010). Related
results were given by the study observed by Chauviere et al.
(1992) where the isolates from humans showed higher ad-
herence to the intestinal cell line than the dairy strains. The
host specificity for the adherence of lactobacilli is closely

connected to the presence of some specific receptor mole-
cules on the host cell, which can be recognized by specific
molecules of the bacterial cell (Fuller et al., 1978). The low
attachment of MADbB4 suggests that the receptors for at-
tachment might be a proteinaceous component. However,
there was no significant difference in attachment when iso-
lates were treated with trypsin and pepsin similar to that of
Barrow et al. (1980). FIAM3 was observed to have no attach-
ment after sodium metaperiodate treatment, indicating that
the adhesion between a cell surface component and adhe-
sion-promoting extracellular proteins might have been
mediated by carbohydrates (Chauviere et al., 1992). Lipase
treatment did not show any effect on the adherence, as was
also seen for the strain Lactobacillus fermentum 14 and
Streptococcus salivarius 312 (Barrow et al., 1980). Altogether
these results suggest that there are quite significant differ-
ences in the mechanism of adhesion among the isolates;
hence, a detailed study on the determinants involved in the
interaction between cell surface components and the ex-
tracellular proteins is needed.

The antimicrobial activity is based on oxidative properties
that result in irreversible changes in the microbial cell mem-
brane. Many researchers and clinicians are interested in
preventing or curing intestinal infections with probiotics,
especially those caused by E. coli, Shigella sp., and Salmonella
sp. The antibacterial activity of LAB is often due to the pro-
duction of organic acids, diacetyl, hydrogen peroxide and
bacteriocin or to bactericidal proteins formed during lactic
acid fermentation. The isolates from the gastrointestinal
tract of chicks were observed to have a higher inhibitory
activity against Salmonella sp. than we observed, with a
clear zone of 13-40 mm (Schillinger and Lucke, 1987).

The antibiotic susceptibility tests indicated that the four
strains were resistant towards many of the antibiotics tested.
A study observed by Ronka et al. (2003) was similar show-
ing resistance to ciprofloxacin, methicillin, vancomycin and
others with susceptibility. Isolates from yoghurt, sheep excreta
and cabbage were found to be resistant to vancomycin and
erythromycin (Chauviere et al., 1992) whereas three of the
four isolates studied here showed susceptibility to erythro-
mycin.

Bacterial surface properties are associated with attachment
to a variety of substrates, which in turn are associated with
hydrophobicity. A study on L. casei by Mishra and Prasad
(2005) revealed that there was higher hydrophobicity, about
40%, towards hexadecane, inferring that, L. casei possesses
a hydrophobic character, which correlates in some cases with
adhesion to epithelia. There was a high hydrophobicity with
a maximum of 98.3% for Bifidobacteria bifidum A8; more-
over, hydrophobicity was above 70% for most of the other
Bifidobacteria sp. (Gueimondea et al., 2005). It has been
suggested that changes in bifidobacterium adherence may
be related to metabolic changes leading to modification in
the cellular membrane (Zavaglia et al., 2002). As the hydro-
phobicity of the cell increases, the level of adhesion also in-
creases (Rijnaarts et al., 1993), although Conway and Reginald
(1989) reported that there is a lack of correlation between
the capacity for adhesion and hydrophobicity.

Transit tolerance of the isolates showed that the strains
were tolerant to all stress conditions tested, with good sur-



vival rates. Similarly, the isolates taken from people of Bama
village showed a maximum of 87.8%, 89.9%, and 89.4% sur-
vival and minimum of 48.9% (Liu et al., 2007). A maximum
of only 43.68% survival was observed after sequential incu-
bation in pepsin and pancreatin by Musikasang et al. (2005).
In general, the acid tolerance of lactic acid bacteria has
been linked to the induction of H" ATPase activity (Guo et
al., 2009). It also depends on the composition of the cyto-
plasmic membrane. The tolerance is highly influenced by
the type of bacterial strain, type of growth medium and the
incubation conditions (Hood and Zotolla, 1988; Madureira
et al., 2005). However, there was a tremendous decline in the
viable counts after 24 h of incubation. Hence, those isolates
with the most promising in vitro properties in the study were
further subjected to in vivo studies using poultry trials and
were found to be potential probiotics with health benefits.

Although the different strains vary in their probiotic pro-
perties, the findings suggest that the human flora could be
an excellent source of probiotic microorganisms. Since human
samples have not been explored extensively for probiotics,
this study was designed with human fecal samples. Two
isolates namely MAbB4 and FIdM3 showed all the essential
probiotic properties including full tolerance to acid and
bile, potent colonization and adherence to Caco-2 cell line.
Moreover the isolates showed a strain specific inhibition
against some intestinal pathogens and were resistant to si-
mulated gastric juice and intestinal juice. The strains were
identified as Staphylococcus succinus MAbB4, an unreported
probiotic culture and Enterococcus fecium FIAM3. The other
two strains were Enterococcus durans and Lactobacillus plan-
tarum. Not all desirable probiotic characteristics were present
in a single isolate, although many isolates displayed varying
individual promising capabilities. Hence, these cultures might
be useful for preventing intestinal infections. The in vivo study
confirms the safety of the bacterial isolates for probiotic
purposes, though additional research on their intrinsic genetic
characteristics may be necessary.
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