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A B S T R A C T

                                   

Introduction  

Probiotics are defined as live 
microorganisms which when administered in 
adequate amounts confer a health benefit on 
the host (FAO/WHO, 2002).                    

Lactobacillus and Bifidobacterium are the 
primarily studied and commonly used 
probiotics (Kleerebezem and Vaughan, 
2009) and are GRAS (Generally regarded as 
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Probiotic microorganisms are increasingly used in preparation of neutraceuticals or 
in the treatment of infections. But the efficacy of a probiotic strain lies with its 
specific origin due to variation in gut microflora, different food habits and specific 
host-microbial interactions. As of now, Indian market is dominated with probiotics 
of Western origin and therefore an urgent need for exploring new indigenous 
probiotic strain is felt. In the present study an indigenous Lactobacillus species 
KSBT56 was isolated from a traditional dairy product of rural Odisha ( dahi 
chenna ) and identified as Lactobacillus plantarum both by biochemical and 
molecular typing methods. Further, KSBT56 was systematically studied for 
functional and probiotic characteristics e.g. acid tolerance, bile salt tolerance, 
adherence to colon epithelial cell line, cell surface hydrophobicity, auto 
aggregation, antimicrobial activity and in vitro immunomodulatory potential. The 
strain KSBT56 was able to survive in gastric acid conditions at pH 2.5 for 3 h and 
2% bile salt for 2 h. Cellular autoaggregation of the strain was 39.3% and cell 
surface hydrophobicity was 63.3% with n-hexadecane. Occurrence of putative 
probiotic marker genes like fibronectin binding protein (fbp), mucus binding 
protein (mbp) and bile salt hydrolase (bsh) in KSBT56 were confirmed by PCR. 
The strain also showed adherence to colon epithelial HCT-116 cell line (7.43%). 
Increased expression of IL-10 in KSBT56 treated HCT-116 cell line shows the 
immunomodulatory potential of the strain. The strong antagonistic activity against 
seven different pathogens of KSBT56 was recently reported by us. Results 
suggested that Lactobacillus plantarum KSBT56 possesses in vitro probiotic 
potential and thus can be exploited for the development of indigenous functional 
foods.
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safe) for consumption (Salminen et al., 
1998). There has been an increase in the 
number of food supplements and 
pharmaceutical products that are being 
promoted on the basis of health claims based 
on several characteristics of strains of lactic 
acid bacteria, mainly from the genera 
Lactobacillus and Bacillus (McFarland and 
Elmer, 1997; Parvez et al., 2005; Hong et 
al., 2008). Probiotics are also known to alter 
the intestinal microflora balance favourably 
for the host, and thus must be able to survive 
in the gastrointestinal tract in order to exert 
their beneficial effects (De Vries et al., 
2006). The organisms must be tolerant to 
low pH and bile toxicity prevalent in the 
upper digestive tract (Tuomola et al., 2001). 
The FAO/WHO guidelines also require the 
strain to have good adhesion to the intestinal 
epithelial cell lines and immunomodulatory 
potential to maintain gut homeostasis. The 
use of probiotics in food has become 
increasingly popular because of the multiple 
health benefits on the host.   

Globally traditional products are gaining 
importance as a rich source of probiotic and 
functional lactobacilli (Reddy et al., 2007; 
Klayraung et al., 2008; Tinrat et al., 2011; 
Xiong et al., 2013). In India, no indigenous 
probiotic strain is available for 
commercialization and hence, Indian market 
is having probiotic products with western 
strains. Thus, the challenge before Indian 
researchers is to develop indigenous 
probiotic strains with specific health 
benefits. Traditional Indian fermented food 
products (dahi chenna, dahi, kanjii) are 
known for their unique style of fermentation 
and may harbour a rich flora of native 
Lactobacilli with potential probiotic 
properties. Many of the fermentative 
microflora in these traditional food products 
are not well studied and thus necessitated 
research on the isolation, identification, and 
characterization of such novel probiotic 

strains from traditional food products. Dahi 
chenna is one such previously unexplored 
food product (which is mainly processed and 
consumed by rural people of Odisha, India) 
and which has been used in the present study 
to characterize the microflora present in it.  
The main objective of the present study was 
to characterize an indigenous isolate 
KSBT56 from dahi chenna by phenotypic 
and genotypic methods and to evaluate its in 
vitro probiotic potential.  

Materials and Methods  

Bacterial strains and culture conditions  

The Lactobacillus isolate KSBT56 was 
grown in de Mann Rogosa Sharpe (MRS) 
broth (Hi Media Laboratories Pvt. Ltd, 
Mumbai, India) at 37oC for 4h and 
subcultured in the same media at 37oC for 
24 h. Lactobacillus plantarum MTCC 1407 
strain was cultured under similar conditions 
and used as a reference control in the study.  
All the strains used in the study are listed in 
Table 1.  

Identification of the potential isolate  

The biochemical and 16s rDNA sequencing 
of KSBT56 was already reported by 
Tripathy and Saini (2012) which confirmed 
the isolate as genus Lactobacillus. The 
molecular identification of KSBT56 was 
performed by PCR amplification. Colony 
PCR was performed with overnight (O/N) 
grown single colony of strain KSBT56 and 
reference cultures Lactobacillus casei 
(ATCC 9595) and Lactobacillus plantarum 
(MTCC 1407). Colonies were suspended in 
150µL of sterile water and 2µL was taken as 
template for PCR. Cells were lysed at 95oC 
for 15 min. Sets of forward and reverse 
primers against the mub (Mucus binding 
protein), bsh (Bile salt hydrolase) and fbp 
(Fibronectin binding protein) gene of 
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Lactobacillus plantarum, are listed in Table 
2 (Kaushik et al., 2009). Standard cycling 
conditions were: denaturation at 95oC for 
30s, annealing at 51oC to 54oC for 1 min, 
extension at 72oC for 2 min with final 
extension of 10 min.   

Screening for probiotic characteristics  

Probiotic properties of the isolates were 
screened as per FAO/WHO (2002) 
guidelines that include acid and bile 
tolerance, antimicrobial activity, adhesion to 
colon epithelial cell line, cellular 
autoaggregation, cell surface 
hydrophobicity, antibiotic sensitivity and in 
vitro immunomodulatory activity.   

Acid and bile salt tolerance  

For acid tolerance MRS broth was adjusted 
to different pH values (1.5, 2.0, 2.5, and 3.0) 
with 1N HCl and the same (MRS broth) was 
supplemented with 1.5% and 2.0% (w/v) 
bile salts (MP Biomedicals, India Pvt. Ltd.) 
for bile salt tolerance. MRS broth with 
neutral pH 7.0 served as a control. All the 
broth tubes with different pH values and bile 
salt concentration were inoculated with 109 

CFU/mL of O/N grown cultures of 
Lactobacilli and incubated at 37oC. Each 
tube containing 1 mL of culture was taken at 
0, 1, 2 and 3 h interval; serially diluted in 
0.1% peptone water, plated on MRS agar 
followed by incubation at 37oC for 48 h. The 
viable bacterial cell counts in terms of the 
colony forming units (CFU/mL) were 
recorded after 48 h. All the experiments 
were repeated thrice.  

Cell aggregation  

The freshly grown bacterial cells in MRS 
broth were harvested by centrifugation at 
5000 × g for 10 min. The cell pellet was 
washed twice and resuspended in PBS to an 

absorbance of 0.7 at 600 nm (AbsInitial). The 
suspension was centrifuged and the pellet 
was resuspended in equal volume of MRS 
broth, allowed to stand at 37oC for 2 h and 
the absorbance (AbsFinal) of upper 
suspension layer was measured using MRS 
broth as a reference. The percentage 
difference between the initial and final 
absorbance gives an index of cellular 
autoaggregation (Del Re et al., 2000; Tomas 
et al., 2005) that is expressed as follows: 
Aggregation (%) = 100 × (AbsInitial 

 

AbsFinal)/Abs Initial   

Cell surface hydrophobicity  

Bacterial adhesion to hydrocarbons was 
determined according to the method 
described by Rosenberg et al. (1980). 
Bacterial cells grown in MRS broth at 37oC 
for 18 h were centrifuged at 8000 rpm for 10 
min.  The cell pellets were washed twice 
with phosphate urea magnesium (PUM) 
buffer, pH 7.0, resuspended in PUM buffer 
and the initial absorbance was adjusted to 

 

0.7 OD at 600 nm (AbsInitial). Lactobacilli 
cell suspension was mixed with n-
hexadecane or xylene (3:1), vortexed and 
incubated at 37oC for 10 min. The mixture 
was vortexed again and kept at 37oC for 1 h 
for phase separations. The aqueous phase 
was removed gently to measure its 
absorbance (AbsFinal) at 600 nm. The surface 
hydrophobicity (%) was calculated as per 
the following formula: Surface 
Hydrophobicity = 100 × (AbsInitial 

 

AbsFinal)/ AbsInitial.  

Adhesion assay  

Adhesion of the isolated probiotic strain to 
HCT-116 colon epithelial cell line was 
carried out by using the method of Jacobsen 
et al. (1999). Briefly, DMEM without serum 
and antibiotics was added to each well of a 
24-well tissue culture plate (Nest Biotech, 
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China) and incubated at 37°C for 30 min. 
Approximately 108 CFU/mL bacterial 
culture was suspended in 1.0 mL DMEM 
medium and added to the wells and 
incubated for 1 h at 37°C. Appropriate 
dilutions of the cell suspension were plated 
on MRS agar and incubated for 48 h at 
37°C. The results were expressed as 
adhesion percentage, the ratio between 
adherent bacteria and added bacteria per 
well.   

Immunomodulatory activity  

Concentration of released cytokine IL-10, in 
response to bacterial infection was assessed 
with HCT-116 cell line (Wang et al., 2008) 
using commercially available ELISA kits 
(BD OptEIATM ELISA Kits, BD 
Biosciences, Pharmingen). HCT-116 cells 
were grown at 37°C in 5% CO2 in DMEM 
supplemented with 10% (v/v) fetal bovine 
serum, 100 U/mL penicillin, and 100 mg/mL 
streptomycin. The cells were seeded onto 
24-well tissue culture plate and grown to 
80% confluence. Cells of O/N grown 
Lactobacillus cultures were harvested by 
centrifugation at 8000 × g for 3 min, 
washed twice with PBS (pH 7.4) and 
resuspended in DMEM. To examine the 
influence of probiotics on cytokine 
production, both live and heat-inactivated 
Lactobacillus cultures were added to the 
HCT-116 cell culture medium at a 
concentration of 108 cells/mL. The limit of 
detection as described by the manufacturer 
was 1 pg/mL for all the assays. Results were 
statistically analysed by student s t-test.   

Antibiotic susceptibility test  

The antibiotic susceptibility was determined 
by using a standard disc diffusion technique 
according with the recommendations of 
National Commitee for Clinical Laboratory 
Standards (2008) (Charteris et al., 1998). 

The tested antimicrobial drugs were 
ampicillin, streptomycin, kanamycin, 
tetracycline, carbenicillin, ofloxacin, 
cotrimoxazole and ciprofloxacin with 
concentrations of 1, 5, 10, 7, 7, 6, 11, and 8 
(µg/mL), respectively and Mueller-Hinton 
agar (Merck, Darmstadt, Germany) was 
used for this purpose.   

                 
Results and Discussion  

Molecular identification of the potential 
isolate  

PCR amplification of unique fragments of 
1.64 kbp, 1.5 kbp and 975 bp of the mub, fbp 
and bsh genes, respectively were detected by 
employing the L. plantarum species-specific 
primers (Fig. 1). The amplification indicates 
the presence of putative probiotic marker 
genes similar to that of the reference strain 
of L. plantarum. In silico analysis based on 
the homology search programme BLASTn 
with default parameters further revealed that 
these genes were absent from even closely 
related species like Lactobacillus pentosus, 
thereby confirming the strain KSBT56 to be 
a sub-species of L. plantarum.   

Biochemical identification and 16s rDNA 
sequence of isolate KSBT56 showed the 
isolate belong to the genus Lactobacillus 
and was recently reported by Tripathy and 
Saini (2012). Further, molecular 
identification in this study confirms the bsh, 
fbp and mub gene amplification in both 
KSBT56 and Lactobacillus plantarum 
MTCC 1407 which substantiates KSBT56 
as Lactobacillus plantarum. The 
amplification of above mentioned genes was 
also observed in probiotic L. plantarum 9 by 
Kaushik et al. (2009). From the above result 
KSBT56 was identified as L. plantarum and 
hence designated as L. plantarum KSBT56.   
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Screening for probiotic attributes of L. 
plantarum KSBT56  

Acid and bile salt tolerance  

The viability of KSBT56 decreased by 1 log 
CFU mL-1 when exposed to pH 3.0 for 3 h. 
Similarly, the viability decreased by 1 log 
CFU mL-1 in 1 h and 3 log CFU mL-1 in 3 h 
at pH 2.5 (Fig. 2A). The marginal reduction 
in the viability of the isolate at low pH 
indicated good tolerance to acidic conditions 
prevalent in the stomach. KSBT56 also 
survived well in the presence of bile salt. 
The viability of KSBT56 in MRS broth 
containing 2.0% bile decreased by 2 log 
CFU mL-1 in 3 h (Fig. 2B). This indicates 
excellent bile tolerance of the isolated strain.  

Cellular autoaggregation  

The cellular autoaggregation of KSBT56 
was evaluated and compared with other 
standard probiotic cultures (Table 3). The 
average autoaggregation percentage of 
KSBT56 is 39.3% which was higher than 
LP9 (31.0), close to LA1 (40.4%) but lower 
than other L. acidophilus i.e. LA7 (46.5%) 
and LA14 (60.9%). The results indicate self-
aggregation potential of KSBT56, a 
prerequisite characteristic of a probiotic 
strain.   

Cell surface hydrophobicity and adhesion 
assay  

The cell surface hydrophobicity and 
adherence values of the isolated probiotic 
strain indicate good probiotic potential of 
the isolate. Cell surface hydrophobicity of 
KSBT56 was found to be 63.3 ± 0.8 in n-
hexadecane and 62.7 ± 0.3 in xylene which 
was more than the cell surface 
hydrophobicity of other standard probiotic 
strains (37.7% to 58.3% in n-hexadecane 
and 37.1% to 60.8% in xylene for the 
standard strains) (Table 3).    

Immunomodulatory activity  

Live KSBT56 and heat killed KSBT56 
demonstrated an increased expression of 1.6 
and 2.31 times of IL-10 relative to control 
untreated cell line whereas Lactobacillus 
plantarum MTCC 1407 showed 1.73 and 
2.86 times increase in IL-10 production over 
the untreated cell line respectively. The cells 
were also found to be viable after 24 h of 
infection which was confirmed by trypan 
blue dye exclusion method (Data not 
shown). The increased IL-10 expression by 
KSBT56 in comparison to control indicates 
the immunomodulatory potential of the 
KSBT56. The IL-10 expression of KSBT56 
relative to the uninfected cell line is shown 
in Fig. 3.   

Antibiotic susceptibility testing  

The strain KSBT56 was found to be 
susceptible to all the antibiotics tested but 
resistant to ciprofloxacin (Table 4). 
Resistance to ciprofloxacin is an inherent 
resistance found in some Lactobacillus 
strains (Herreros et al., 2005).  The 
antibiotic resistance in a probiotic strain 
could be transferred to the residential gut 
flora and is thus not a desirable 
characteristic of a probiotic strain. The 
susceptibility of KSBT56 to most of the 
antibiotics tested partially proves the safety 
of the strain.  

Feasibility of KSBT56 isolate to survive 
under simulated gastrointestinal stress 
conditions   

In the present study, the isolated strain 
KSBT56 tolerated acidic conditions better at 
pH 3.0 and pH 2.5 than at pH 2.0. Previous 
studies have also shown similar findings 
with L. plantarum strains, which could 
tolerate pH 2.5 and pH 3.0 (Sirilun et al., 
2010). It has also been reported that survival 
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in different pH and other gastrointestinal 
stress is a strain specific property which 
varies with the different probiotics (Huang 
and Adams, 2004). Similarly, resistance to 
bile salts is also considered as a probiotic 
characteristic of a strain. Human bile 
concentration ranges from 0.1 to 0.5% 
(Dunne et al., 2001), and therefore an 
efficient probiotic should be able to grow in 
bile salt with concentration ranging from 
0.15 - 0.30% (w/v) ( u kovic et al., 2000). 
The isolated strain KSBT56 tolerated upto 
2% bile salt which is about 5 times more 
concentrated than a normal human bile 
concentration. Our results suggested that 
KSBT56 can tolerate low pH (pH 2.5) and 
high bile concentration (2%) with 
maintaining a stable cell count during 
passage through the harsh conditions present 
in the gastrointestinal tract (GIT). Thus 
KSBT56 confers a prerequisite criterion as a 
probiotic organism.      

Adherence, aggregation and colonization 
potential of KSBT56 in GIT   

Adherence to intestinal epithelial cells in 
order to colonize the gastrointestinal tract is 
considered as an important characteristic of 
a probiotic strain (Collado et al., 2005) to 
ensure health benefit for longer time. 
Adherence and colonization potential of 
microorganisms in the GIT is assessed both 
by their cell surface hydrophobicity and 
aggregation properties (Rosenberg et al., 
1980; Prakash et al., 1997). As evidenced 
(Schillinger et al., 2005; Rijnaarts et al., 
1993), probiotic bacteria exhibit different 
degrees of cell surface hydrophobicity (2%

 

95%). The surface hydrophobicity of KSBT 
56 is 64% implied the adhesion potential of 
the strain.   

KSBT56 showed a good adhesion with 
HCT-116 cell line (7.43%). The relative 
adhesion potential of the reference strain of 
L. plantarum to HCT-116 cell line was 

found to be 7.26%. The adhesion potential 
of KSBT56 with HCT-116 cell line was 
found to be similar with several other 
independent studies of dairy cultures and a 
number of probiotic strains with reported 
beneficial health effects (Jacobsen et al., 
1999; Seockmo et al., 2009). The presence 
of adherence protein genes like fbp and mbp 
was also confirmed by PCR assays in 
KSBT56. Thus good cell surface 
hydrophobicity confers non-specific 
interaction and cell surface binding proteins 
provide specific interaction ensures good 
adhesion potential of KSBT56 with the host, 
which was also suggested by a good 
adhesion potential of KSBT56 cells with 
human colon epithelial (HCT-116) cell line.     
An important property of a probiotic 
microorganism is not only adherence to the 
intestinal cell wall but also good aggregation 
because it helps in the transient colonization 
and formation of a bacterial biofilm which 
provides a protective shield to the host 
system (Rickard et al., 2003).   

The average autoaggregation percentage of 
KSBT56 is 39.3% which was higher than 
LP9 (31.0), close to LA1 (40.4%) but lower 
than other L. acidophilus i.e. LA7 (46.5%) 
and LA14 (60.9%) (Table 4). It has been 
evidenced that host-microbe interaction 
helps in induction of several important genes 
like immunomodulatory, mucus secretion, 
etc. (Baarlen et al., 2009; Troost et al., 
2008). Thus to deliver functional result it is 
crucial that the supposed probiotic must 
persevere for an extended period in the host 
gut. In this study, KSBT56 appear to acquire 
these properties necessitated to acclimatize 
and colonize in the GI tract.        

Functional attributes of KSBT56   

Antibacterial activity  

The antibacterial property of KSBT56 was 
already described recently by Tripathy and 
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Saini (2012) which conferred the isolate 
serves as one of the important prerequisite 
for probiotic organism.  In search of 
probiotic isolate of indigenous (Indian) 
origin Kaushik et al. (2009) reported strong 
antagonistic activity of probiotic L. 
plantarum LP9 against both gram positive 
and gram negative pathogens.    

Immunomodulatory activity  

Activation of systemic immune response by 
increasing proliferation of various 
lymphocytes [T helper cells (Th 0, Th1, 
Th2), Cytotoxic T lymphocytes (CTL) and 
B lymphocytes] and other immune cells (NK 
cells, dendritic cells) by Lactobacilli in 
general and probiotic Lactobacilli in 
particular are reported by several authors 
(Takahashi et al., 1993; Kirjavainen et al., 
1999; LeBlanc et al., 2002; Amrouche et al., 
2006; Liu et al., 2011). The increased 
expression of IL-10 by probiotic organisms 
was extensively reviewed by LeBlanc et al. 
(2011).   

IL-10 producing Lactic acid bacteria can be 
used for the treatment of inflammatory 
bowel disease (IBD) (Asadullah et al., 2003) 
and asthma (Marinho et al., 2010). In the 
present study, increased expression of IL10 
in KSBT56 indicates the 
immunomodulatory potential of the strain 
KSBT. The results also showed the heat 
killed bacteria produces increased IL-10 in 
comparison to live KSBT56 (Figure 4). This 
result may be substantiated with recent 
studies which report how dead/inactivated 
cells of probiotic microorganisms modulate 
immune responses (Tejada-Simon and 
Pestka, 1999; Lin et al., 2011). The use of 
killed/inactivated bacteria would represent 

an advantage because it is possible to make 
these bacteria potentially harmless through a 
tailored inactivation treatment. However, 
there should be careful monitoring of the 
effects of different types of inactivation 
methods on the bacterial structure and 
components (Ananta and Knorr, 2009) and 
on maintenance of probiotic properties, both 
quantitatively and qualitatively. These 
preliminary experiments on HCT-116 cell 
line suggested immunomodulatory potential 
of KSBT56. These preliminary results 
explained the potential of KSBT56 for use 
in functional dairy foods to accomplish 
health promoting effects in the host.   

Molecular typing by PCR using species 
specific primers (mub, fbp and bsh) 
confirmed our best isolate KSBT56 to be L. 
plantarum. As prescribed by various tests of 
FAO/WHO (2002), L. plantarum KSBT56 
was recognized as a promising lead 
probiotic culture.   

It could survive in high concentrations of 
bile-salts and acid; higher autoaggregation 
and cell-surface hydrophobicity than the 
reference strain. Better adhesion potential of 
KSBT56 to HCT-116 cell line, presence of 
genes for mucus-binding, fibronectin-
binding adherence proteins as well as bile 
salt hydrolase enzyme, suggesting the 
survival and colonization potential of 
KSBT56 in the GI tract. KSBT56 also 
showed health-promoting properties like 
immunomodulatory activity, antibacterial 
activity against different pathogens. The 
results showed that the L. plantarum 
KSBT56 can be utilized as a prospective 
indigenous probiotic candidate for 
application in neutraceuticals, in medicines 
after proper in vivo study.        
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Table.1 Bacterial strains used in this study   

Bacterial Species Strain no Culture provider Origin 
Lactobacillus 
plantarum KSBT56 

KSBT56 Isolated in this 
study 

Dahi Chenna (a 
traditional fermented 
product of Orissa) 

Lactobacillus 
plantarum 
MTCC1407 

MTCC 1407 MTCC MTCC 

MTCC: Microbial Type Culture Collection, Chandigar  

Table.2 Primer sequences used in the study 

Forward/Revesrse 
Primer pair 

Primer sequence (5 3 ) Target 
Gene 

Amplicon 
Length 
(bp) 

Annealing 
temp. (oC)

 

Reference

 

LpBSH 
(Forward)(F) 

ATGTGTACTGCCATAACTTAT  975 50 

Reverse(R) TTAGTTAACTGCATAGTATTG  

Bile salt 
hydrolase   

Kaushik 
et al., 
2009 

LpMubN 
(Forward)(F) 

TACATTCAAGATGCAGCGGGCAA

  

1640 54 

Reverse(R) CCACCCTGATCAGTTAACGTGCC 

N-terminal 
of Mub 
protein    

Kaushik 
et al., 
2009 

LpFBP 
(Forward)(F) 

GTCCTTTGATGGTTTATTTACCC  54 

Reverse(R) AGAAGTATGCGGCGAGATTCGC  

Fibronectin 
binding 
protein  

1500  Kaushik 
et al., 
2009 

 

Table.3 Cell surface hydrophobicity of KSBT56 and other probiotic cultures.  

Hydrophobicity (%) Aggregation (%) 

Culture n-hexadecane

 

Xylene  
bKSBT56 63.3±0.8# 62.7±0.3

 

39.3 ±0.8 
aLactobacllus plantarum Lp9  37.7±1.3 37.1±3.9

 

31.0±1.0 
aLactobacllus acidophilus LA7  56.7±0.5 58.2±0.5

 

46.5±2.0 
bLactobacllus acidophilus LA14 

 

58.3±0.4 60.8±0.3

 

60.9±1.0 

 

# Data are presented as means ±sd (Standard deviation) of three separate  
   Experiments. a Data from Kaushik et al. (2009). bData from this study   
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Table.4 Antibiotic susceptibility of Lactobacillus KSBT56* 

   Antibiotics       MIC (. µg mL-1) 
   Ampicillin                1 
   Streptomycin                5 
   Kanamycin               10 
   Tetracycline                7 
   Carbenicillin                7 
   Ofloxacin                6 
   Cotrimoxazole                11 
   Ciprofloxacin                8 

*The strain is found to be susceptible to all the antibiotics tested except ciprofloxacin 
according to SCAN analysis 

               

Fig.1 PCR amplification of L.plantarum species specific genes 
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Figure.2 Acid and Bile salt tolerance 

The change of viable cell counts of KSBT56 is shown in the figure 3 in response to low pH 
(A) and high bile salt concentration (B). Marginal decrease in viability is observed when the 
strain is exposed to pH 3.0 and 2.0% bile salt. 
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Figure.3 IL-10 estimation in KSBT56 treated HCT-116 cell line 

The change in expression of IL-10 cytokine when HCT-116 cell line is treated with KSBT56 
whole cells and heat killed KSBT56 (HK) at 24h assayed by ELISA. Uninfected cells are 
taken as control and the IL-10 level is normalised to 100% on the basis of which the IL-10 
expression of KSBT56 is evaluated. Lactobacillus plantarum MTCC 1407 (LP) is taken as a 
reference positive control and the expression of KSBT56 is found to be similar to the 
reference strain.   

The data were analyzed by student s t-test and ** showed significant difference (p<0.05)   
between uninfected control and all the treatment groups.      
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