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ABSTRACT 
 

A total of 150 strains of Lactobacillus isolated from traditional curd samples from remote regions of malnad 
districts of Karnataka, India were characterized. All the isolates were identified by phenotypic, biochemical and 
molecular methods. The phenotypic characterization was carried out by morphological, fermentation patterns 
and various biochemical parameters and identified as Lactobacillus was distinct from available data by 
characteristic heterofermentation products. Out of 150 isolates 10 isolates were selected (L1-L10) to repeated 
PCR analysis and confirmed as the genus Lactobacillus and five (L1-L5) isolates were subjected to species level 
characterization and identified as L. fermentum (Lf3) and L. plantarum(Lp1). A large number of diversity in 
fermentative reactions was observed among 150 isolates of Lactobacillus. In addition, L3 was the only isolate 
producing xylose in addition to fructose, trehalose, arabinose, maltose, mannose and galactose. The sample 
collection sites have special emphasis that the individuals of the region maintained the curd since a century or 
more and the consumers showed high disease resistance in general specifically to gastrointestinal disorder and 
longevity. Among the various isolates studies, L3 was distinct producing characteristic aroma. Therefore, L3 
isolate perhaps could use as health adjuvant or immune boosters for human and identified as L. fermentum.  
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Introduction 

 
 Lactobacillus species constitute a significant 

proportion of probiotic cultures used in developed 
countries in microbial adjuvant nutrition [6]. 
Members of the genus Lactobacillus play an 
important role in human and animal gastrointestinal 
tract as well as in production and spoilage of many 
foods, feeds and beverages. Lactobacillus represents 
commensal mammalian gastrointestinal microbiota 
and is useful as probiotics, functional foods and dairy 
products [7]. Because of the potential health benefits, 
these organisms are increasingly incorporated in 
dairy foods [17] in recent times. 

During the last fifteen years, the Lactobacillus 
genus has evolved and contains more than 80 species 
[7]. Due to the growing interest in using bacteria as 
probiotics or starters in dairy products, the 
identification of these microorganisms at species 
level is becoming more and more required [14] 
particularly from traditional dairy samples. 

The genus Lactobacillus encompasses a diverse 
assemblage of Gram positive, catalase negative, non- 
sporing rod shaped organisms [11]. Conventionally, 
Lactobacillus sp have been identified on the basis of 

cell morphology, analysis of fermentation products-
ability to utilize various carbohydrate substrates [18]. 
The precise identification of these bacteria to the 
species level is relatively difficult. Lactobacillus and 
other lactic acid bacteria (LAB) and several other 
groups of bacteria are found in the same habitats 
during ecological studies of microbiota succession. 
Methodological procedures to handle such a high 
number of isolates should be brief and precise to 
avoid inconclusive result. 16s rRNA gene sequence 
have been used in the identification of many of the 
Lactobacillus sp through the derivation of specific 
oligonucleotide probes or polymerase chain reaction 
based techniques [18]. In addition, the diversity of 
Lactobacillus sp in different regions of the world 
have been documented [1,2,13,15]. However, 
Indigenous Lactobacillus sp distributed in certain 
regions of India have become health secret of some 
of the conservative traditional families. Therefore, 
the curd samples were collected from very remote 
regions of malnad districts of Karnataka, where they 
maintained curd samples since centuries and were 
regular consumers. In addition, they showed high 
disease resistance and longevity. In this context, the 
present study was undertaken to determine the most 
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dominant strains of Lactobacillus and further could 
be used as biotechnological tool as starter or food 
adjuvant or health boosters.  

  
Material And Methods 

 
Sample: Curd sample: 

 
Isolation of Lactobacillus sp: 

 
The curd samples were collected from remote 

regions of malnad districts (Shivamogga and 
Chikkamagalure) of Karnataka, India (Table 1). The 
samples were serially diluted and pour plated on 
MRS (de Man, Rogosa, Shrape) selective media 
incubated at 37oC for 24 hours. Minute oval shaped 
colonies beneath the culture plates have been 
selected and streaked on MRS plates and incubated 
at 37oC for 24 to 48 h. The colonies were subcultured 
and stored in MRS slants at 4oC [3]. 

 
Phenotypic and Biochemical characterization: 

 
Lactobacillus sp. has been identified on the basis 

of cell morphology, analysis of fermentation 
products, enzymatic activities and ability to utilize 
various carbohydrates [11]. Further the isolates were 
subjected to Gram staining, KOH test, catalase test, 
oxidase test, MR-VP test, nitrogen reduction test and 
gelatin hydrolysis tests [11,4,5]. The biochemical 
identification of the curd isolates at genus/species 
level was performed according to established 
phenotypic criteria. The isolates were tested for gas 
production from glucose, arginine hydrolysis and 
fermentation of L-arabinose, cellobiose, lactose, 
mannitol, melibiose, raffinose, ribose, sucrose, 
sorbitol, trehalose and xylose according Samells et 
al., [16] with modifications. 

 
PCR: 

   
Out of 150 isolates, only ten were selected for 

identification up to genetic level using PCR. Out of 
ten, only five isolates were selected for 
characterizing species and were incubated for 16 h. 
0.5 ml of this culture was then subcultured overnight 
in MRS broth, centrifuged (1000 rpm/20’ at 5o C) and 
washed once in SET buffer (containing 10mg/ml 
lysozyme) followed by incubation for 60 min at 37o 

C, after the addition of 10% sodium dodecyl sulfate 
(SDS) and 200 μl of 5 M NaCl. Deproteinizations 
have been performed by extracting twice with equal 
volume of phenol and the phenol was removed using 
chloroform. The aqueous phase was transferred to a 
clean tube containing isoamyl alcohol. Aqueous 
phase was then added to equal volume of isopropanol 
after centrifugation (4500 g/15’). Further, DNA was 
precipitated by adding 1/10 th vol of 3-M sodium 
acetate (pH 5.2) followed by two volumes of ice cold 
ethanol. After DNA precipitation condensed into a 

small clump, it has been hooked out and washed in 
90 and 70% ethanol, dried and resuspended in TAE 
(Tris base, acetic acid and EDTA) buffer [8]. 

 
Restriction digestion and agarose gel 
electrophoresis: 

 
Tagments were separated by gel electrophoresis 

according to Zong et al., [19] using 1.5% submerged 
horizontal agarose slab gels prepared in TAE buffer. 
Gels have been run at a constant voltage of 6 V/ml 
for one hour. DNA fragments have been visualized 
with uv transilluminator and photographed.  

 
PCR amplification: 

 
PCR mixture consisted of NF buffer, Taq buffer 

(buffer containing Taq DNA polymerase), 10X 
dNTPs, primer F, primer R and TAQ enzyme. In 
addition 20 mM  TRIS HCl, 50 mM KCl (pH 8.4) 
dNTPs, 1 μM  Taq DNA in final volume of 10μl. 
PCR was performed by denaturation at 94oC for 30 s. 
DNA extraction at 72oC for 30 s and final extension 
at 72oC for 5’ of total 35 cycles were performed. PCR 
products were elecrophoresed in 1.4% - 2% agarose 
gel and visualized by uv transillumination after 
ethidium bromide staining (5 μg/ml) [9,14]. 

 
REP-PCR analysis for species identification: 

 
PCR was repeated with other primers specific 

for the DNA of Lactobacillus fermentum and L. 
plantarum. Species specific PCR with primers for 5 
isolates of Lactobacillus were performed. Products 
were analyzed in uv transilluminator system. 

  
Results:                   

        
A total of 150 isolates of  Lactobacillus was 

isolated on MRS selective media which were 
analyzed by phenotypic and biochemical 
characterization. Out of these 150 isolates, only 10 
isolates were selected for the molecular 
characterization. The stains were Gram positive, non 
spore forming single cells, pair or short chains. The 
isolates were facultative anaerobic and catalase and 
oxidase negative (Table 2). Biochemically the strains 
were relatively homogenous and produced acids, but 
no gas from glucose. None of the isolates exhibited 
alkaline phospho amidase activity and urease activity 
or hydrolyse gelatin. All were Voges-proskauer 
negative and failed to reduce nitrite. In carbohydrate 
fermentation 65% of isolates reduced arabinose, 
maltose and mannose, while, mannitol was not been 
fermented. In addition, 50% of isolates reduced 
galactose, sorbitol and trehlose. Further, 35% of 
isolates reduced salicin and only 15% of isolates 
reduced xylose. However, highest number of isolates 
(75%) could able to ferment fructose (Fig. 1). 
Among the ten selected isolates, 60% reduced 



483 
Adv. Environ. Biol., 6(1): 481-486, 2012 
 

 

arabinose, maltose and mannose. 50% were able to 
reduce galactose and trehlose. Further, 30% of the 
isolates were able to reduce sorbitol, 40% salicin and 
highest 80% were able to reduce fructose. Only 10% 
of the isolate (Lf3) reduced the xylose while none of 
the isolates reduced the mannitol (Table 3). The 

primer tested in PCR had given a thick band with the 
ten isolates represented the genus Lactobacillus 
(Figs. 2 and 3). Among them five isolates have been 
given thick bands observed with the primer specific 
for L. fermentum and L. plantarum (Figs. 4 and 5) 
and identified as L. fermentum and L. plantarum.

 
Table 1: Sample collection sites  

Sample Date of 
collection 

 Place of collection 

Curd 
sample 
S1-S5 

17/06/08 
       

Nichidi, Hosanagar, Shivamogga, India 13.92o N 75.07 o E 585m 

S6 – S9 Tyagarthi, Sagar, Shivamogga, 14.17 o N 75.03 o E 580m 
S10 – S12 19/06/08 

 
Balegundi, Sagar, Shivamogga, 14.17 o N 75.03 o E 580m 

S13 – S14 Keladi, Sagar, Shivamogga,  14.17 o N 75.03 o E 580m 
S15 Shiraguppa, Sagar, Shivamogga, 14.17 o N 75.03 o E 580m 
S16 – S17 20/06/08 

  
 

Beleuru, Sagar, Shivamogga, 14.17 o N 75.03 o E 580m 
S18 – S19 Keladipura, Sagar, Shivamogga, 14.17 o N 75.03 o E 580m 
S20 – S21 Ulluru, Sagar, Shivamogga, 14.17 o N 75.03 o E 580m 
S22 – S24 25/06/08 

 
Bimaneri, Hosanagar, Shivamogga, 13.92o N 75.07 o E 585m 

S25 – S29 Sunakallu, Hosanagar, Shivamogga, 13.92o N 75.07 o E 585m 
S30 – S32 14/07/08 Kamblikoppa, Hosanagar, Shivamogga, 13.92o N 75.07 o E 585m 
S33 – S35 Humcha, Hosanagar, Shivamogga, 13.92o N 75.07 o E 585m 
S36 Malla, Hosanagar, Shivamogga, 13.92o N 75.07 o E 585m 
S37 Hunakallu, Hosanagar, Shivamogga, 13.92o N 75.07 o E 585m 
S38 – S40 24/07/08 Sullalae, Hosanagar, Shivamogga, 13.92o N 75.07 o E 585m 
S41 – S44 25/07/08 Hadigallu, Hosanagar, Shivamogga, 13.92o N 75.07 o E 585m 
S45 – S48 01/08/08 Kigga, Sringeri, Chikkamagalure, 12.54 o N 74.04 o E 1037m 
S49 – S52 06/08/08 Guddemane, Sagar, Shivamogga, 14.17 o N 75.03 o E 580m 
S53 – S55 22/08/08 

 
Malavalli, Sagar, Shivamogga, 14.17 o N 75.03 o E 580m 

S56 – S57 Kalsi, Sagar, Shivamogga, 14.17 o N 75.03 o E 580m 
S58 – S59 02/10/08 Hecche Sagar, Shivamogga, 14.17 o N 75.03 o E 580m 
S60 – S65 10/06/09 Honnebine, Tirthahalli, Shivamogga, 13.7o N 75.23 o E 591m 

 
Table 2: Physiological test results for Lactobacillus isolates 

 Gram’s  
stainig 

Catalase 
Test 

Oxidase 
test 

KOH 
test 

Nitrate 
Reduction  
test 

MR 
test 

VP 
test 

Indole 
Production 
Test 

Gelatin  
Hydrolysis 

LI-L10 + - + + - - + - - 
+ = Possitive; - = negative 
 
Table 3: Fermentation results for ten potential Lactobacillus isolates 

Lactobacillus  
Isolates 

Arabinose Maltose Mannose Galactose Sorbitol Trehlose Salicin Xylose Mannitol fructose 

L1 + + + + - + - - - + 
L2 + + + + - + - - - + 
L3 + + + + - + - + - + 
Lp1 + + + + + + + - - + 
Lp2 + + + + + + + - - + 
L6 - + - - + - - - - - 
L7 + - + - - - - - - + 
L8 - - - - - - + - - + 
L9 - - - - - - - - - - 
L10 - - - - - - + - - + 

+ = Positive; - = negative 

 
Discussion:  

 
A total of 150 isolates of Lactobacillus sp. were 

isolated from very remote regions of malnad districts 
(12.54o N- 14.17 oN to 75.03 oE – 76.21 oE) of India. 
The collection area had the tradition of maintaining 
the curd sample since a century or more, who 
showed high degree of disease resistance particularly 
to gastrointestinal diseases and longevity (lived 90 to 
100 years, observed usually). Curd samples were 
collected from these families to isolate the most 

potential Lactobacillus isolates property. All the 
isolates were uniformly positive with the Gram 
reaction, catalase, oxidase, KOH, MR-VP, indole test 
in addition to nitrate reduction test and gelatin 
hydrolysis, in fact, a high degree of variation among 
Lactobacillus isolates were observed in fermentation 
test using varieties of sugars (Fig. 1). Arabinose, 
maltose and mannose were 55% positive, while 
mannitol was not being fermented. In addition, 
galactose, sorbitol and trehalose were 45% positive. 
Further, salicin was 35% and the least fermenting 
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xylose (5%) by only (one) isolate. Highest ability to 
ferment fructose by majority of isolates was recorded 
(75%) except two isolates. A number of 
physiological and biochemical properties have been 
used to differentiate the Lactobacillus sp have been 
recorded by other research groups [10]. They found a 
variation in biochemical as well as fermentative 

reactions particularly with maltose and millibiose. 
However, distinct type of biomolecule being 
produced by them and perhaps in the present study, 
distinct variation was observed with xylose and other 
sugars. This would clearly indicate that 
heterofermentative nature of Lactobacillus having 
specific phenotypic line. 
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Fig. 1: Fermentation test results of Lactobacillus species with sugars 
Fermentation positive test results of Lactobacillus sp. in percentage in the graph indicated the different 
fermentation patterns with different sugars such as, 55% arabinose, maltose and mannose positive. 
Mannitol was not reduced. 45% of isolates reduced galactose, sorbitol and trehlose. 35% of isolates 
reduced salicin and only 8% of isolates reduced xylose while, 75% reduced the fructose.     

 

 
 

Figs. 2 and 3: Genus identification of Lactobacillus isolates showed thick band with LbLM primer.                                                  
                        L1,L2,L3,L4 and L5 are  Lactobacillus isolates where, P1 is the test organism                                                 

 

 
 

Figs. 4 and 5: Species identification with species specific primer 
LFP is the species specific primer for L. fermentum. L1, L2 and L3 are showing thick band with 
the primer LFP. L4 and L5 no band formation with the primer LFP. LPP is the species specific 
primer to L. plantarum. L4 and L5 are producing thick band with the primer LPP 
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Of the 150 isolates, 10 isolates were chosen for 
molecular characterization. Ten isolates were further 
characterized by PCR using LbLM primer to identify 
up to generic level. A characteristic banding pattern 
compare with molecular marker determined as the 
genera Lactobacillus. Further, 5 most significant 
isolates were characterized up to species by using 
species specific primer LFP and LPP using repeated 
PCR and it was identified as L. fermentum (L1, L2 
and L3) and L. plantarum (L4 and L5). Although L. 
fermentum and L. plantarum were isolated and 
characterized by other workers [3,8,9,10,12]. The 
present isolates showed high heterofermentative 
activity exhibiting its diverse nutritive nature, 
particularly by L3, consequently indicating the 
unique taste and odour of the curd sample. Although, 
L3 is the only isolate ferment xylose in addition to 
arabinose, maltose, mannose and galactose, it 
perhaps contributed distinct aroma and taste to the 
curd sample. This may indicate that, the presence of 
xylose fermented products and other perhaps acts as 
health boosters.  

The present study provided important evidence 
that this phenotypic group is practically well 
differentiated from curd sample isolates. Further, 
typical kind of byproduct produced on fermentation 
perhaps contributes to flavor and enhancing the 
beneficial gastrointestinal system consequently better 
health was observed. Although the isolates were 
identified as L. fermentum and L .plantarum is 
distinct from convectional bacterial sp in that they 
are derived from remote areas of Karnataka state, 
India, the people of this region were highly 
conservative showed high longevity. Therefore, these 
isolates perhaps have a potential as health boosters 
for human.  
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