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ABSTRACT

A total of 203 lactic acid bacteria (LAB) isolated from vegetables and traditional
fermented food products of India such asidli batter, dhokla batter and dahi were
screened for exopolysaccharide (EPS) production. Based on the amount of EPS
produced, 17 LAB isolates were selected for biochemical and genetic
characterization using 16S rRNA gene sequencing. The isolates were belonging
to the genera Lactobacillus, Weissella and Pediococcus. In vitro examination
was performed to evaluate their probiotic potential. Resistance to low pH and 0.3
% bile salts was studied. Bile salt hydrolase (BSH) activity, susceptibility to
various antibiotics and antimicrobial activity against the non pathogenic E. coli
K12 were also investigated. The results showed that the isolates could not grow
in the presence of oxbile however some survived exposure to it for 2.5 h. Some
isolates were able to grow in the presence of sodium taurocholate and showed
considerableantimicrobial activity against E. coli K12. Fiveisolateswere showing
BSH activity which is reported for the genus Weissella for the first time. The
results suggest that traditional fermented products could be an aternative and
readily available

Keywor ds: Exopolysaccharides, BSH activity, Weissella, dhokla batter, idli bat-
ter, antimicrobia activity

I ntroduction

Probiotics are living microorganisms that exert a health benefit to the host when
administered in sufficient amounts (FAO/WHO 2002). L actic acid bacteria (LAB)
isolated fromanimal origin are commonly employed as probiotics (Saad et al. 2013),
however other isolation sources such as fermented food products where LAB are
used as starter cultures or occur spontaneously asthe fermentative microfloramay
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provide potential probiotic organismsaswell (Abriouel et al. 2012; Garai-1babe et
al. 2010; Matharaet al. 2008). Probiotics are showing awidearray of health benefits
including but not limited to cholesterol lowering properties (Bukowskaet al. 1998),
immunomodulation and amelioration of inflammatory bowel disease and diarrhoea
asreviewed by Saad et al. (2013). Theability to produce exopolysaccharides (EPSs)
isacommon trait to lactic starters/probiotics. Polysaccharidesthat impart thickening
and gelling properties are invaluable in the food industry formulation and EPSs
impose highly desirable rheological changesin the food matrix such as increased
viscosity, improved texture and reduced syneresis (Badel et al. 2011). EPSs may
occur as acapsule or as slime that is loosely attached to the cell surface and they
are believed to have aprotective function hel ping the cell to withstand desiccation,
osmotic stress, antibiotics, toxic compounds and bacteriophages in their natural
habitat (De Vuyst and Degeest 1999). EPS-producing bacteriahave agreater ability
to withstand technological stresses (Stack et al. 2010) and survive the passage
through the gastrointestinal tract (Lindstrém et al. 2012) compared to their non-
producing counterparts. Further EPSs may induce positive physiological responses
including cholesterol lowering effects (L evrat-Verny and Behr 2000; Maeda et al.
2004), reduced formation of pathogenic biofilms (Kim et al. 2009), modulation of
adhesion to epithelia cells (Ruas-Madiedo et al. 2006) and increased levels of
bifidobacteria showing aprebiotic potential (Bello et al. 2001; Hongpattarakere et
al. 2012). Hencethe choice of EPS-producing starter cultures seemsto give several
advantages over non-producing ones.

With that in mind the present study was aiming at isolating EPS-producing LAB
from vegetables and indigenousfermented food products of Gujarat including dhokla
batter, idli batter, dahi, and cabbage. Gujarat is an Indian state populated by more
than 50 million people, located in the western part of the country where fermented
productsare commonly consumed asapart of thetraditional diet. Idlisareanaturally
fermented food made from rice (Oryza sativa) and black gram (Phaseol us mungo).
Theingredientsare soaked separately and ground before fermentation and the batter
is steamed to produce soft, spongy pancakes often eaten for breakfast (Soni and
Sandhu 1989; Thakur et al. 1995). Dhoklas are made in a similar way however
chickpea (Cicer arietinum) and curd are also added to the mixture (Rati Rao et al.
2006). Dahi iswidely consumed and accountsfor about 90 % of thetotal production
of fermented milk productsin India(Behare et al. 2009). It containsamixed culture
of Sreptococcusand Lactobacillus speciesin addition to the yoghurt organisms S.
thermophilus and L. delbrueckii ssp. bulgaricus (Behare et al. 2009; Vijayendra
et al. 2008). Further the probiotic potential of theisolated LAB strains was tested
including in vitro tolerance to low pH and bile. Additionally bile salt hydrolase
(BSH) activity, antibiotic susceptibility and antimicrobial activity wereinvestigated.

Materials and methods
Screening for EPS producing bacterial strains, growth conditions and media
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Varioustraditional |ndian fermented foodsincluding dhoklabatter, idli batter, dahi,
cabbage and vegetables such as carrot, cabbage, turmeric, cucumber and tomato
were used as sources of LAB. A total of 46 sampleswere collected from households
and local marketsinto sterile glass bottles, stored at 4°C and processed within two
hours.

Samples were homogenized at 10 % (w/v) in phosphate buffer (0.1M, pH 7.2),
serially diluted and plated onto De Man, Rogosa and Sharpe agar (MRS agar,
Himedia, Banglore) containing either 5 % (w/v) sucrose or glucose by following
the pour plate method. Plates were incubated at 37°C for 24 to 48 h anaerobically.
The strains producing mucoid or ropy colonieswere recorded as capabl e of producing
EPS and sub-cultured on fresh agar plates. Purified isolates were preserved at -
20°C on MRS agar slants, in MRS broth containing 10 % glycerol (v/v) and in
freeze-dried form. The isolates were propagated twice before further use.

Phenotypic and biochemical characterization

All isolateswere Gram-stained and tested for catal ase activity. Phenotypic properties
such as growth at different pH and concentrations of NaCl was studied at 37°C.
Growth at different temperatureswas studied at 15, 37 and 45°C. Cell morphology
and motility were determined using a phase contrast microscope, magnification
1000 times.

The carbohydrate fermentation patterns of the isolates were assayed using API 50
CHL test strips (BioMerieux, France). The strips were incubated at 37°C and
reactions were recorded after 24 and 48 h.

Genotypic characterization

Genomic DNA from the isolated LAB was extracted (Sambrook and W. Russell
2001) followed by species specific 16S ribosomal RNA (rRNA) gene sequencing.
The 16S rRNA coding gene was amplified through PCR using universal primers,
63F (5 -CAGGCCTAACACATGCAAGTC-3' ) and 1389R (5'-
ACGGGCGGTGTGTACAAG-3) for all Lactobacillus and Weissella species; and
8F (5- AGAGTTTGATCCTGGCTCAG-3') and 1492R (5'-
GGTTACCTTGTTAGGACTT-3") (Eurofins, Germany) for Pediococcus. The PCR
reactions contained 4 pl of 5X GC reaction buffer (Finnzymes, Vantaa, Finland),
0.5 uM of each primer, 40 uM dNTP-mix (Biolab, UK), 1 U DNA polymerase
(Finnzymes, Vantaa, Finland), and a 50-100 ng template. The final volume of the
reaction mixture was adjusted to 40 pl using Milli Q water (Millipore). PCR
amplificationswere carried out in athermal cycler (T Gradient model, Biometera,
Germany) using the following steps: one cycle of denaturation for 5 min at 94°C
followed by thirty cycles of 94°C for 1 min. Annealing was performed at 55°C for
30s, extension at 72°C for 1.5 min and final extension wasdoneat 72°C for 7 min.
The PCR productswere kept at 4°C and separated on a 0.8 % (w/v) agarose gel by
running them at 100V for 45 min followed by staining with ethidium bromide.
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The amplicons were purified with QIAquick PCR Purification Kit (Qiagen,
Germany) according to the instructions provided by the manufacturer and sent for
sequencing to GATC Biotech AG (Konstanz, Germany). The 16S rRNA gene
sequences were analysed with the Basic Local Alignment Search Tool
(www.nchi.nml.nih.gov 2011) and identification was performed on the basis of 16S
rRNA sequence similarity with thetype strains.

Precipitation and quantification of EPS

A semi-defined media (Kimmel and Roberts 1998), with low amounts of EPS
equivaent ingredients, was used for the production of EPSfrom theisolated strains.
Sucrose (5 % wi/v) was used as the carbon source for Lactobacilli and Weissella
specieswhereas glucose (5 % w/v) was used for Pediococci. After inoculation (2 %
v/v) the samples were incubated at 37°C for 24 h for Lactobacillus and Weissella
isolates and 48 h for Pediococci. Cellswere removed by centrifugation (15 000 g,
20 min) and the cell free supernatant was treated with 2.5 % (v/v) of 80 % (w/v)
trichloroacetic acid (Merck) and the precipitated proteins were removed by
centrifugation (15 000 g, 20 min). The resulting supernatant was mixed with three
volumes of 95 % cold ethanol (Solveco AB, Sweden) and incubated overnight at
4°C to precipitate the EPS. The EPS was recovered by centrifugation at 4°C (15
000 g, 20 min), dried at 42°C and resuspended in distilled water. The sampleswere
dialyzed (MW cut off 12-14,000 Da, Spectrum Lab, USA) against distilled water
for 48 h changing the water six timesto remove low molecular weight contaminants.
Finally, the samples were freeze dried and weighed. The same procedure was
performed on un-inocul ated media and the weight of the resulting precipitate was
subtracted from the amount of EPS produced by the LAB.

Antibacterial activity

To screen the LAB isolates for antibacterial activity awell-diffusion method was
used. Theisolates were tested against the non pathogenic E. coli K12. Twenty ml of
Luriabertani (LB) agar at 45°C werevigorously mixed with 50 pl overnight culture
of theindicator strain and poured into petri plates. After solidification, wellswere
punched in the agar and filled with 100 ul of cell-free supernatant, obtained by
centrifugation of the LAB cultures (4000 g, 15 min) followed by filter-sterilization
through 0.22 um filter (Acrodisc, USA). The plates were incubated at 37°C and
30°C for Lactobacilli/\Weissella and Pediococci respectively for 24 h and
subsequently observed for any zone of inhibition. The assay was performed three
timesinduplicate.

Acid and bile tolerance

To determine the tolerance to acid, the LAB isolates were grown in MRS broth at
37°C overnight and sub-cultured (1.5 %) in 10 ml of fresh MRS broth adjusted to
pH 3 with hydrochloric acid (1.0 M). The cultivations were incubated for 2.5 h at
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37°C. Samples were withdrawn at 0 h and at the end of 2.5 h of incubation to
measure the initial bacterial population and residual cell population by plating
suitabledilutionson MRS agar plates. The plateswereincubated at 37°C and 30°C
for Lactobacilli/Weissella and Pediococci respectively for 48 h and the number of
colonieswas counted.

Oxbile and sodium taurochol ate were used to eval uate bil e tol erance of theisolated
LAB strains. Each strain wasinoculated (2 % v/v) into 10 ml MRS broth containing
0.3 % (w/v) of oxbile (Sigma, USA) or sodium taurocholate (Sigma, USA) along
with a control (without bile). All the tubes were incubated at 37°C and 30°C for
Lactobacilli/Weissella and Pediococci respectively. After 24 h of incubation the
bacterial concentration was checked by viable count determination on MRS agar
by plating suitable dilutions. The assays were performed three timesin duplicate.

Bile salt hydrolase activity

The ability of the strains to hydrolyse bile salts was determined according to the
method of Dashkevicz and Feighner (1989). Test plates were prepared with 0.5 %
(w/v) of taurodeoxycholic acid (TDCA) in MRS agar medium. The strains were
streaked on the mediaand the plateswere incubated anaerobical ly using Anaerocul t?
A (Merck, Germany) at 37°C and 30°C for Lactobacilli/Weissella and Pediococci
respectively for 48-72 h. The presence of precipitated bile acid around colonies
(opague hal o) was considered as apositive result (Dashkevicz and Feighner 1989).
The experiment was performed three timesin duplicate.

Antibiotic susceptibility

Theantibiotic susceptibility of the LAB isolateswas determined using Neo-Sensitabs
(Rosco Diagnostica, Taastrup, Denmark) antibiotic discs for ampicillin (10 pg),
erythromycin (15 pg), chloramphenicol (30 pg), norfloxacin (10 pg), polymyxin
(150 pg), vancomycin (30 ug), gentamicin (10 ug), tetracycline (30 ug), and
kanamycin (30 ug). Fifty microlitersof the actively grown culture containing about
10°-10° CFU/ml were spread evenly on the surface of the MRS agar plate and kept
in static condition for 15 min before placing the diffusion discs. The plates were
incubated at 37°C and 30°C for Lactobacilli/\Weissella and Pediococci respectively
for 24-48 h and inhibition zones were measured inclusive of the diameter of the
discsand theresults were expressed as sensitive, S; intermediate, | and resistant, R
according to the instructions given by the manufacturer. The assay was performed
threetimesin duplicate.

Resultsand discussion

I solation, screening for EPS production and identification of isolates
A total of 46 food products such as tomato, cucumber, turmeric, carrot, fresh and
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fermented cabbage, dahi, idli batter and dhokla batter were sampled for EPS
producing LAB. Out of 203 isolates, atotal of 17 isolateswere selected for further
studies based on their ability to produce mucoid or ropy colonies on MRS agar
plates supplemented with either sucrose or glucose as carbon source. All selected
isolates (both rods and cocci) were found to be Gram positive, catal ase negative
bacteria which were non-motile and did not form spores. All isolates were able to
grow at 37°C, pH 4 and 6.5 and a concentration of 2 and 4 % NaCl. Growth at 15
and 45°C, pH 2 and 6.5 % NaCl was differing between strains (Table 1). The
strainsidentified as Pediococci were producing EPS when grown on glucose (5 %
wi/v), while al other LAB isolates were producing EPS on sucrose (5 % w/v).
Isolates were identified as L. fermentum (7 strains), L. plantarum (2 strains), W.
cibaria (5 strains), W. confusa (1 strain) and P. parvulus (2 strains) on the basis of
16S rRNA sequence similarity with the type strains (Table 1). However it should
be noted that W. cibaria and W. confusa cannot be distinguished from each other
based on only 16SrRNA sequence similarity (> 99 % shared sequences) (Bjorkroth
et al. 2002). The sequences determined in this study have been deposited in the
GenBank database with accession numbers IN792454-70. Theisolation of Weissella
fromidli batter and dahi isto the best of our knowledge reported for thefirst time
and so istheisolation of Pediococci fromidli batter.

EPS Quantification

L actobacilli are known to produce both hetero- (De Vuyst and Degeest 1999; Ismail
and Nampoothiri 2010) and homopolysaccharides (Kralj et al. 2004; Van der Meulen
et al. 2007). EPS-producing L. plantarum has been isolated from various food
sources such as starter dough for Chinese steamed buns (L uangsakul et al. 2009),
corn silage (Tallon et al. 2003), curd (Ismail and Nampoothiri 2010), turmeric
(Pianpumepong and Noomhorm 2010) and bamboo shots (Chen et al. 2010).
Lactobacilli are reported to produce 1-10 g of EPS per litre growth media (Ruas-
Madiedo and de los Reyes-Gavilan 2005) which is more than what was found in
the present study (< 1 g, Table 1). The isolated L. fermentum strains displayed
mucoid colonies on sucrose and it is known that it produces an extracellular
glycosyltransferase enzyme that synthesizeslarge &glucansfrom sucrose (Kralj et
al. 2004).

EPS-producing Weissella species are commonly isolated from fermented foods
like sour cream (Van der Meulen et al. 2007), soya (Malik et al. 2009), sourdough
(Galleet al. 2010) and Thai pork sausage (Wongsuphachat et al. 2010). Weissella
species produce EPS in amounts of afew grams (Galle et al. 2010) up to 18 g/|
under optimized conditions (Wongsuphachat et al. 2010). In the present study, all
isolates of Weissella spp. produced on an average 500 mg of EPS per litre (dry
mass basis) in a semi-defined medium which is less than reported previously;
however no optimization of growth conditions were made.
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IsolatesAll and AV5 were displaying aropy phenotype in agreement with earlier
findings about P. parvulus (Du€fias et al. 1994). Previously it has been reported
that P. parvulus produces aropy EPS at aconcentration of 100 mg/| after prolonged
incubation (Duenas et al. 2003) whichislessthan strain Al 1 and AV 5 that produced
470 and 410 mg/| of EPS, respectively.

Antibacterial activity

All investigated isolates were showing an antagonistic activity against the non-
pathogenic E. coli K12 (Table 2). Interestingly the antimicrobial activity was
differing within a species where W. cibaria AV 1 showed the least activity (14.5
mm) and W. cibaria 142 the most activity (23.5 mm) of all tested isolates.
Antimicrobial activitiesattributable to the production of bacteriocinsby LAB such
as Lactobacillus (Yanagida et al. 2006), Weissella (Srionnual et al. 2007), and
Pediococcus (Schneider et al. 2006) species have been reported. However, the
antimicrobial activity could also be associated with the accumulation of organic
acids, fatty acids, diacetyl and hydrogen peroxide (Dunne et al. 2001). The
substancesthat are responsiblefor theantimicrobial activitiesdetected in the present
study remainsto beidentified.

Table 2: Investigation of antimicrobial activity against E. coli K12

Isolate Species Zone of Inhibition (mm)
AD1 L. fermentum 17.2+ 0.76
Al2 L. fermentum 20.3+£0.58
Al3 L. fermentum 16.2+ 1.04
AV2 L. fermentum 232+ 0.76
AV3 L. fermentum 228+ 0.76
Av4 L. fermentum 20.3+£0.76
138 L. fermentum 20.2 £ 0.76
AD29 L. plantarum 232+ 0.76
86 L. plantarum 222+ 0.76
Al10 W. confusa 21.8+1.26
AV1 W, cibaria 14.5 + 0.50
85 W, cibaria 18.8 + 1.04
92 W, cibaria 23.2+0.76
142 W, cibaria 235+ 132
145 W, cibaria 20.5+ 0.50
All P. parvulus 19.7 + 1.04
AV5 P. parvulus 20.2 £ 0.76

Values are presented are means + standard deviation of three experiments each performed in
duplicate
* |solates chosen for further characterization
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Acid and bile tolerance

Eight isolates were showing tolerance to acid and bile and their rate of survival is
presented in Table 3. The selected isolates were including two strains of each L.
plantarum (86 & AD29), L. fermentum (Al2 & Al3), and W. cibaria (92 & 142)
and one strain of W. confusa (A110) and P. parvulus Al1. Theisolates chosen were
compared concerning their carbohydrate fermentation pattern to make sure that
they were different (result not shown). The L. plantarumisolates showed different
performance at low pH. Thestrain 86 remained unaffected in acidic condition while
strain AD29 showed areduction in the viable count to 49 % of initial numbers after
exposureto acid for 2.5 h (Table 3). An even larger difference was found between
Weissellaisolates where W. cibaria 92 was very sensitive to acidic conditions (16
% survival) whereasW. cibaria 142 showed an increasein the viable count indicating
ahigh tolerance to acid for thisisolate.

Table 3: Survival of the LAB isolates after exposure to low pH and oxgall, and their BSH
activity

Isolate Species Oxgall pH 3 BSH activity
(% survival) (% survival)

86 L. plantarum 32 98 -

AD29 L. plantarum 14 49 -

Al2 L. fermentum 22 76 +

Al3 L. fermentum 36 84 +

92 W, cibaria 33 16 +

142 W, cibaria 54 131 +

Al10 W. confusa 72 90 *

All P. parvulus 61 76 +

The % survival is means of three experiments each performed in duplicate
+, Occurrence of opaque halo; -, no opaque halo

Bile functions as a biological detergent emulsifying lipids when released into the
duodenum. It contains among other things bile acids (Begley et al. 2006), and the
bileacid resistanceiscurrently studied for potential probiotics (FAO/WHO 2002).
It wasfound that none of theisolates were growing in the presence of 0.3 % oxbile
astherewasnoincreasein OD. However all of theisolateswere ableto survivein
the presence of oxbile (0.3 %) as presented in Table 3 where W. confusa Al 10, P.
parvulus Al1 and W. cibaria 142 were showing the highest survival rates. The
lowest rate of survival was shown by L. plantarum AD29 (14 %). All isolates
except L. plantarumAD29 (67 % survival rate) were ableto grow in 0.3 % sodium
taurocholate (results not shown). AD29 seemsto be sensitive to bile salts and low
pH hence not showing any probiotic potential. The acid and bile tolerance varied
between isolates within the same specieswhich has been observed previously both
for Lactobacilli (Gu et al. 2008) and Weissella (Lee et al. 2012).
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Bile salt hydrolase activity

It is believed that BSH activity is a preferable trait for probiotics since the
detoxification of bile salts by BSH enzymes may lead to increased survival rates
for the microorganism in question (Begley et al. 2006). In the present study L.
fermentumAIl2 and Al3, P. parvulusAll, and W. cibaria 142 and 92 were found to
be BSH-positive. One of the isolates, W. confusa Al10 showed poor BSH activity
while both L. plantarum isolates (86 and AD29) were showing a BSH negative
trait. The BSH activity seems to be species related in this case, however BSH
activity for L. plantarum has been reported previously aswell asfor L. fermentum.
There may be pronounced variationsin BSH activity within ageneraand between
strains (Tanaka et al. 1999).

In 2006 Begley et al. reported that BSH activity had not been found in bacteria
isolated from environments without bile salt. However since then, BSH positive
isolates have been found in food. Recently it has been reported that 90 % of their
isolated Pediococci and all Lactobacilli from fermented olives were BSH positive
(Abriouel et al. 2012). In the present study 5 (out of 8 tested) BSH positive strains
wereisolated from foods such as dhokla- and idli batter and cucumber. It isto the
best of our knowledge thefirst report on BSH activity in the genus Weissella.

Antibiotic susceptibility

Thetransmission of antibiotic resistance genesfrom probioticsto pathogenic bacteria
may occur and thusit isimportant to screen strains for the absence of transferable
resistance genes. Levels of susceptibility that cannot be accounted for should be
further investigated (Daniel sen and Wind 2003). All isolates were sensitive against
chloramphenicol, erythromycin, ampicillin and tetracycline and resistant to
vancomycin, norfloxacin and kanamycin (Table4). All wereresistant to gentamicin,
but A110 that showed an intermediate response. The susceptibility for polymyxin
was different between isolates. The present resultsfor L. plantarumarein agreement
with Danielsen et a. (2003) except for gentamicin however the concentration of
that antibiotic in the disc used in this study was lower than the minimal inhibition
concentration reported in the previous study (Danielsen and Wind 2003).
Susceptibilities for the Weissella isolates are in agreement with previous findings
(Leeetal. 2012). P. parvulusAl 1 wasresistant to gentamicin in contrary to earlier
findings (Danielsen et al. 2007). Plasmid bound resi stance genes may be present in
Pediococci and thus strain Al 1 should be further investigated in this matter.

Conclusion

Thisstudy demonstratesthe diversity of potential probiotic LAB in dairy and non-
dairy food productsfrom thewestern part of India. Theantibacterial activity exhibited
by theseisolates may be useful to control undesirable contaminationsin food systems
which render them interesting functional starters. Out of theinvestigated isolatesL.
plantarum 86, W. confusa Al10, P. parvulus All and especialy W. cibaria 142
were showing interesting probiotic characteristics such as high tolerance to acid
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and bileand antimicrobial activity against E. coli. | solates 142 and Al 1 al so showed
BSH activity. Since results obtained by in vitro studies may not reflect probiotic
performance in vivo, the most potential strains should be subjected to further in
vitro and in vivo investigations before they may be considered probiotics.
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