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ABSTRACT  

 

The aim of this research was to evaluate probiotic potential of lactobacillus strains 

previously isolated from batter of South Indian traditional fermented food product “Dosa”. For 

this purpose, all the three strains namely PD2, PD11 and PD30 were tested for their in vitro 

antibiotics susceptibility, tolerance to acid and bile, gastro-intestinal juice resistance, antimicrobial 

activity, cell surface Hydrophobicity and cell auto aggregation properties. Collectively, the strains 

were susceptible to the most of antibiotics tested. Among three, PD2 survived up to 39.15 % in 

presence of 0.3% sodium taurocholate and 67.94% at pH8; PD30 showed 26.69% tolerance in 

presence of pH 1 in compare to control. PD2 has shown highest % Hydrophobicity (82.58% in 

presence of xylene and 80.84% in presence of toluene) followed by PD11 (74.09% in presence of 

n-hexadecane). Both PD2 and PD11 have shown negligible reduction in viable count against 

artificial gastric fluids in presence of enzymes pepsin and pancreatin at pH 2 and 8 respectively in 

compare to control having pH 7. PD2 exhibited maximum auto aggregation (56.60%) and 

antimicrobial activity against S.typhi (Zone of inhibition: 35.8 mm). The results suggest the 

probiotic potential of these strains for the use in dosa batter fermentation. 
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auto aggregation, Gastric fluids 

Corresponding Author: Pooja Nilesh Thakkar 

 

 

 



International Journal of Pharmaceutical Science and Health Care                              Issue 5, Vol. 3 (May-June. 2015) 

Available online on http://www.rspublication.com/ijphc/index.html                                                 ISSN 2249 – 5738 

R S. Publication, rspublicationhouse@gmail.com Page 21 
 

INTRODUCTION  

       
Human digestive tract houses numerous bacterial species of diverse type. Among them, 

lactobacilli and bifidobacteria, which can ferment a variety of nutrients primarily into lactic acid or 

other by products, constitute a major functionally related group of enteric organisms served as 

Probiotics. Probiotics are dietary supplements and live microorganisms containing potentially 

beneficial bacteria or yeasts. According to the recent definition by FAO/WHO, probiotics are „Live 

microorganisms which when administered in adequate amounts confer a health benefit on the host 

(FAO/WHO, 2001; Sanders, 2003). Probiotic lactic acid bacteria (LAB) are involved in numerous 

food fermentations, known to man for millennia, and are designated as GRAS (Generally regarded 

as safe) organisms (Marteay et al., 1993). These bacteria favourably alter the balance of intestinal 

micro flora, promote intestinal integrity and mobility, inhibit the growth of destructive 

microorganisms and increase resistance to illness and should hold the properties like survival in the 

gastrointestinal (GI) tract, perseverance in the host, and proven safety for consumer (De-Vries et al., 

2006). The survival and colonization in the digestive tract are considered vital to certify optimal 

functionality and expression of health promoting physiological functions by probiotics. To survive 

in the gut, the organisms must be tolerant to low pH and bile toxicity ubiquitous in the upper 

digestive tract. For colonization, they should exhibit good surface Hydrophobicity and cell 

aggregation properties (Collado et al., 2007).  

         

Applications of these probiotic cultures in non dairy products represent a great challenge. 

We have previously accounted screening of LAB from Dosa batter, based on their preliminary and 

biochemical characterization (Pooja et al., 2015). The major objective of the present reported work 

was to study in vitro probiotic functional properties of selected LAB  isolated from indigenous 

fermented snack/light meal of Southern India, ”Dosa”, as it is economical, healthy and renowned. 

Dosa is a thin, crisp, fried, pancake-like staple food devour all across the India. It is made from a 

mixture of milled rice and dehulled black gram (Phaseolus mungo) which is left for natural 

fermentation overnight to bring various biochemical changes.  

 
MATERIALS AND METHODS  
 
   Lactic acid bacterial strains were isolated from batter of fermented food product 

“Dosa”. Two strains, PD2 and PD11 were isolated from dosa batter samples collected from 

households and the rest PD30 from the batter, collected from the local market of Ahmedabad, 

Gujarat. The culture was maintained biweekly transfers into sterile skim milk medium or MRS 

Broth (Hi Media, Mumbai) at 1 % level by inoculated at 37◦C for 24 h and held at 4◦C between 

transfers. 

 

Acid & Bile Tolerance 

 

Active test strains were inoculated at 1% rate separately into 50 ml MRS broth as well as 

MRS broth containing 0.3, 0.5 and 0.8 % sodium taurocholate as bile salts or MRS broth having pH 

1, 2, 3, 8, 9 as experimental and 6.5 as control (Gilliland and Walker, 1990). Bacterial growth was 

monitored by measuring absorbance with a spectrophotometer at 620 nm at regular intervals of 1 h. 

The percentage survival was calculated based on the optical density at various concentrations of bile 

and different pH in compare to control.  
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Resistance to artificial Gastric and Intestinal fluids 

 

Pure and active cultures were exposed to artificial gastric juice having NaCl, 125mmol/l; 

KCl, 7mmol/l; NaHCO3, 45mmol/l and pepsin (Sigma), 3 g/l, adjusted to pH 2 with HCl 1 M and 

to pH 7 with NaOH 1 M as the control condition. Aliquots were taken for the enumeration of viable 

count at 0, 90 and 180 min. After 180 min of incubation in artificial gastric fluid in experimental 

and control condition, the bacteria were further transferred into artificial intestinal fluid having 

0.1% (w/v) pancreatin (Hi media) and 0.3% (w/v) sodium taurocholate as bile salt in water and 

adjusted to pH 8 with NaOH 5 M for next 90 and 180 min of incubation. Total viable counts were 

determined on MRS agar after a serial 10-fold dilution in PBS (Ripamonti et al., 2011). 

 

Cell surface Hydrophobicity (CSH) 

 

Adhesion to hydrocarbon like Xylene, n-Hexadecane and Toluene is considered to be a 

biochemical marker for finding adherence indirectly to the eukaryotic cells in the gut. The method 

of BATH (Bacterial adhesion to Hydrocarbon) which is presently known as MATH (Microbial 

adhesion to hydrocarbons) was used in the present study with little variation in the standard 

procedure of Doyle and Rosenberg, (1995). The percentage Hydrophobicity (% H) was measured 

based on the following formulae.  

 

% H =   A0-A1× 100 

                A0 

Where,  

A0 = Initial OD600, A1 = Final OD600 

 

Antibiotic resistance 

 

The antibiotic resistance of isolated LAB was performed using antibiotic discs (Hi media 

Laboratories Pvt. Ltd. Mumbai, India) on MRS agar plates. A 10
6 

CFU/ml suspension of freshly 

grown test organisms was mixed with 5 ml of MRS soft agar and over layered on underneath layers 

of MRS agar. The antibiotic discs were placed on the surface of agar and the plates were kept at 4◦C 

for 1 h for dispersion, and then incubated at 37◦C for 24h (Halami et al., 1999). Resistance was 

assessed against 16 Antibiotics having different concentrations. Inhibition zone diameters were 

measured inclusive of the diameter of the discs, according to that described by Vlková et al., 

(2006). 

 

Antimicrobial activity 

 

The antibacterial activity of the selected isolates was checked by agar spot on-lawn test 

commenced by Schillinger and Lucke, (1989) with some modification. The indicator bacteria used 

in this study were Escherichia coli, Salmonella typhi, and Staphylococcus aureus. An aliquot of 5 μl 

of overnight grown test isolate was spotted on MRS agar and plates were incubated at 37°C for 24-

48 h to develop colonies. Freshly grown indicator microorganisms (turbidity adjusted to 0.5 

McFarland) was inoculated in at 1 % rate in 10 ml of BHI (Brain Heart Infusion) Agar and overlaid 

on colonies of test isolates. After incubation at 37°C for 24 h, plates were checked for zones of 
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inhibition surrounding the producer colonies. Inhibition was recorded as positive if the width of the 

clear zone around the colonies of the test was 2 mm or larger. 

 

Cell auto aggregation  

 

Auto aggregation assay was performed according to Del Re et al., (2000) with certain 

modifications. Freshly grown bacterial cells were harvested by centrifugation at 10,000 ×g, 4◦C for 

15 min, washed twice and re-suspended in phosphate buffered saline (PBS) to give a viable count of 

approximately 10
8
 CFU/ ml. Four ml aliquots of the cell suspensions were mixed by vortexing for 

15 s and auto aggregation was determined during 5 h of incubation at room temperature. Every hour 

0.1 ml of the upper suspension was transferred to another tube with 0.9 ml of PBS and the 

absorbance (A) was measured at 600 nm. The auto aggregation % is expressed as: 1− (At/A0) × 

100, where At represents the absorbance at time t= 1, 2, 3, 4, or 5 h and A0 the absorbance at t= 0.  

 

 

RESULTS AND DISCUSSION  
 
Acid & Bile Tolerance 

 

High acidity in stomach and high concentration of bile components in the proximal 

intestine are the major host obstructions for bacteria to pass and survive in GI tract (Havenaar et al., 

1992). The typical transit time of food in the gastro-intestinal passage is approximately 20 minutes 

to 3 hours. Thus, in present study, tolerance of isolated strains to various pH and bile concentrations 

were checked for 4 h incubation period. 

 

Table 1. Acid and bile tolerance by dosa batter isolates 

 

 Concentration of 

Acid & Bile 

% Survival percentage (%±Sd) at the end of 4 of 

incubation 

Isolate type  PD2 PD11 PD30 

Control pH 6.5 100±0.00 

Bile Salt 0.3% ST 47.69±2.91 39.15±3.12 54.33±1.19 

0.5% ST 16.12±3.46 17.05±4.46 16.39±2.34 

0.8% ST 9.78±2.56 12.44±3.08 8.19±3.32 

Acid pH 1 21.88±3.12 19.58±2.21 18.96±2.18 

pH 2 27.08±3.49 20.04±2.25 23.88±1.19 

pH 3 32.26±2.78 25.80±2.28 24.59±3.07 

pH 8 67.94±2.96 34.79±3.11 41.92±2.56 

pH 9 26.67±4.31 21.65±3.59 22.24±1.78 

   Sd= Standard Deviation, ST = Sodium Taurocholate 
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       In vitro survival of bacteria in low pH is a more accurate indication of the ability of the strains 

to survive passage through the stomach. About 2.5 l of gastric juice at a pH of approximately 2 is 

secreted each day in stomach (Charteris et al., 1998), which causes the destruction of most 

microorganisms ingested (Kimoto et al., 2000). LAB can stay alive and grow at relatively low pH 

as they have a system that simultaneously transports lactic acid and protons to the cell‟s exterior. 

Among 3, PD2 showed excellent percent survival at low and high pH at the end of 4 h of 

incubation, followed by PD30 and PD11 as shown in Table 1. In a study equal to the present study, 

Lactobacillus GG survived pH 3 for 4 h (Goldin et al., 1992), while in another comparable study, L. 

casei 2123 and Lactobacillus GG exhibited good growth at pH 2.3 for 3 h (Charteris et al., 1998). 

        

The relevant physiological concentrations of human bile salts range from 0.1- 0.3% 

(Dunne et al., 2001) and/or 0.5% (Mathara et al., 2008) in different persons depending upon dietary 

intake and health status (Gunn, 2000). Resistance against bile salts, which is a prerequisite for 

colonization and metabolic activity of probiotic bacteria in the small intestine of the host. Therefore, 

it is essential that probiotic bacteria, to be effective, should be able to grow in 0.15±0.30% of bile 

salt (Havenaar et al., 1992). PD30 showed highest survival percentage at 0.3% sodium taurocholate 

followed by PD2 and PD11. At 0.5% sodium taurocholate, all the cultures were showing nearly 

15% survival in compare to control and the strains found to be very sensitive by increasing the 

concentration of bile salt to 0.8% (Table 1). In a study comparable to the present study, two L. 

plantarum isolates OL16 and OL15 from fermented olives showed survival percentage 65±1.8 in 

presence of oxgall as bile salt (Kacem and Karam, 2006). Kauli et al., (2009) reported that 18 of the 

19 L. plantarum tested were able to grow at 0.3 % of bile salt and 2.5 pH. Many studies have 

suggested that survival of probiotic bacteria in acid and bile is highly strain specific (Vernazza et 

al., 2006).  

 

Gastro-intestinal tolerance 

        

The gastro-intestinal transit tolerance of the three isolates were determined by exposing 

washed cell suspensions to simulated gastric juice containing pepsin followed by artificial intestinal 

juice having pancreatin. PD2 showed excellent survival in simulated gastric juice and intestinal 

juice with negligible reduction in viable count at different time intervals in compare to control 

(MRS broth) having pH 7. While exposing PD11 to artificial gastric juice, it showed 2 and 3 log 

reduction at 90 and 180 min of incubation, respectively, but when transferred into artificial 

intestinal juice it again regain the viability at pH 8 by showing viable count 6.132 (1 log reduction) 

compare to control (7.923) at the end of the incubation period 360 min. PD30 showed 2 log 

reductions in the viable count at the end of the incubation as shown in Table 2.   

 

The survival of bacteria in the gastric juice depends on their ability to tolerate at low pH 

condition. The transit time can be from <1 h to 3–4 h depending on the individual, the diet and other 

reigning conditions (Ammor and Mayo, 2007). However, further digestive processes increase 

passage time (Chou and Weimer, 1999). No significant effect was observed as the viability was 

similar in pH 2 and 7 in case of PD2 and PD11, indicating that both the strains showed great 

resistance on exposure to gastric fluid. However it was not clear whether the decrease of viability 

was caused by high acidity alone or by synergy with pepsin. 
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Table 2. Gastro-intestinal tolerance by dosa batter isolates 

 

Isolate type Log CFU counts at diff. Incubation Period 

0 min 90 min 180min 270min 360min 

Gastric Juice (PH 2) Intestinal Juice (PH 8) 

 

PD2 

Experimental 

8.717±0.02 8.804±0.03 8.864±0.03 8.947±0.03 9.037±0.03 

PD2 

Control pH-7 

8.925±0.01 9.018±0.03 9.135±0.03 9.202±0.01 9.256±0.00 

PD11 

Experimental 

7.460±0.03 5.521±0.03 4.896±0.10 5.446±0.05 6.132±0.16 

PD11 

Control pH-7 

7.686±0.02 7.757±0.02 7.842±0.01 7.876±0.02 7.923±0.01 

PD30 

Experimental 

7.326±0.03 5.726±0.18 6.008±0.01 6.792±0.02 5.911±0.01 

PD30 

Control pH-7 

7.354±0.01 7.475±0.01 7.515±0.01 7.668±0.07 7.916±0.05 

 sd: standard deviation٭

 

Further, the isolates were transferred in artificial intestinal fluid having 0.1% (w/v) 

pancreatin and 0.3% (w/v) sodium taurocholate as bile salt. A significant increase in the viability 

was observed in intestinal juice between 270 to 360 min. Thus, all the isolates were able to survive 

conditions mimicking the gastro intestinal environment. Similar results were reported by Dunne et 

al., (2001) and EI-Naggar (2004). 

 

Cell surface Hydrophobicity (CSH) 

       

Hydrophobicity to different hydrocarbons has been established as a valid in vitro 

biochemical marker and qualitative approach to access the colonization potential of the 

microorganism (Kiely and Olson, 2000). 

        

Table 3. CSH (%) of dosa batter isolates 

 

Isolate type % Hydrophobicity 

Xylene n-Hexadeacne Toluene 

PD2 82.57±4.43 63.40±2.97 80.84±2.47 

PD11 62.98±2.85 74.09±3.41 56.66±2.39 

PD30 43.17±2.81 54.85±0.51 36.99±2.65 

 sd: standard deviation٭

 

Bacterial adhesion to host gut epithelial cells and intestinal mucus is one of the important 

properties, which have been associated with the temporary colonization of probiotic strain to GI 

tract and stimulation of the beneficial effects. Through adhesion ability and colonization to various 

tissues, probiotic microorganisms can prevent pathogen access by steric interactions or specific 
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blockage on cell receptors (Otero et al., 2004). As the Hydrophobicity of the cell increases, the level 

of adhesion also increases (Rijnaarts et al., 1993). It is clear from the table that the strain PD2 

showed relatively more affinity in comparison to other strains. In a similar study, isolates of sour 

dough SD2, SD3 and SD4 showed Hydrophobicity values 52.4, 24 and 73 %, respectively using n-

Hexadecane (Aswathy et al., 2008). The variation in % H to solvents has been explained by the fact 

that adhesion depends upon the origin of strains as well as surface properties like cell surface 

proteins as well as due to environmental conditions which would affect the expression of cell 

surface proteins (Kaushik et al., 2009). 

 

Antibiotic susceptibility 

        

Lactic acid bacteria (LAB) from fermented products may serve as a reservoir of 

antimicrobial-resistance genes that could transferred to the pathogens, either in the food matrix or to 

the pathogens in the GI tract. As per the European Union, bacteria used in the feeds should not 

contain any acquired antibiotic resistance genes. In our study, all the dosa batter isolates were found 

to be sensitive to the major classes of the antibiotics used in human clinical therapy and thereby 

showing no risk of having antibiotic resistance genes.  

        

Table 4. Antibiotic susceptibility of dosa batter isolates 

 

Antibiotics at various concentrations Isolate type 

PD2 PD11 PD30 

Rifampicin (RIF ) 5 mcg S R I 

Ampicilin (AMP) 10 mcg R R I 

Penicillin G (P) 2 units S S S 

Norfloxacin (NX) 10 mcg R R R 

Erythromycin (E) 15 mcg S S S 

Oxicillin (OX) 1 mcg I R R 

Kanamycin (K) 10 mcg S R R 

Vancomycin (V) 30 mcg R R R 

Ciprofloxacin (CIP) 5 mcg R R R 

Azithromycin (AZM) 15 mcg S S S 

Gentamycin (GEN) 10 mcg I R I 

Colistin (CL) 10 mcg R R R 

Nalidixic acid (NA) 30 mcg R R R 

Tetracyclin (TE) 30 mcg S S S 

Streptomycin (S) 10 mcg S R I 

Methicillin (MET) 5 mcg R R R 

(R): Resistance (S): Susceptible (I): Intermediate  

 

This work reports the susceptibility patterns of three strains isolated from dosa batter 

against various antibiotics. All the three isolates were resistant to vancomycin may be due to the 

presence of D-Ala-D-Lac as the normal dipeptide in their peptidoglycan (intrinsic property). The 

results showed similarity with the data reported by Mishra et al., (2001), Delgado et al., (2007) and 

Hati et al., (2014) in showing vancomycin resistance against all lactobacilli. Among the isolates, 

PD2 showed susceptibility to seven antibiotics tested namely rifampicin, penicillin G, 
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erythromycin, kanamycin, azithromycin, tetracycline and streptomycin among 16 antibiotics tested. 

PD11 and PD30 showed susceptibility to four antibiotics namely penicillin G, erythromycin, 

azithromycin and tetracycline. Table 4 summarizes the results of antibiotic susceptibility study. 

Very small zone of inhibition (Intermediate zone- I) was observed in case of rifampicin, ampicilin, 

oxicillin, gentamycin and streptomycin by various isolates (Table 4). Lactobacilli seem to be 

intrinsically resistance to quinolones, i.e. ciprofloxacin, and the similar data was reported in our 

study. All the isolates showed susceptibility to tetracycline and erythromycin, which further add to 

their beneficial attribute. 

 

Antimicrobial activity 

        

The Agar spot-on-lawn growth assay was used to study antimicrobial activity of the 

strains isolated from dosa batter against food borne pathogens, isolated and preserved by Dairy 

Microbiology Department, Anand Agricultural University. Antimicrobial activity was determined 

by measuring the diameter of zone of inhibition (Table 5), indicating that PD2 was most inhibitory 

against all test organism. The zones of inhibition of indicator organisms tested were ranging from 

16.5 to 35.8 mm in diameter by the activity of our isolate PD2. PD11 and PD30 showed nearly 

similar zone of diameter in case of all indicator strains. In case of S. typhi as indicator organism, the 

antagonism varied from 14.5 to 24.4 by PD30 and PD11, respectively. The results revealed that the 

antibacterial activity of the three dosa batter isolates however at different inhibition levels as shown 

in Table 5, considered to be due to the different intrinsic factors induced by different food origins. 

 

Table 5. Antimicrobial activity of dosa batter isolates 

 

 

Isolate type 

Indicator Microorganisms 

Diameter of Inhibition  Zone (mm) 

S.typhi Staph.aureus B.cereus E.coli 

PD2 35.8±1.64 25.83±1.96 16.5±1.04 23.5±1.32 

PD11 24.4±1.97 23.5±1.32 14.5±0.50 18.8±1.04 

PD30 14.5±0.50 21.8±1.26 18.8±1.04 20.3±0.76 

 sd: standard deviation٭

 

In vitro test has proven useful for selecting isolates that have the ability to compete or 

inhibit destructive bacteria and can provide an insight into possible mechanisms by which probiotic 

bacteria exert their antagonistic effects towards pathogens. The inhibitory activities shown by 

probiotics may be due to the production of substances with antimicrobial properties in particular: 

organic acids (e.g. lactic acid and acetic acid), hydrogen peroxide and bacteriocins (Tejero-Sarinena 

et al., 2012). Probiotics can also produce biosurfactants and other adhesion inhibitors and stimulate 

the immune response (Ayeni et al., 2009). The good probiotics should present their antimicrobial 

actions particularly to the pathogens in GI system. In this study, Staphylococcus aureus, Salmonella 

typhi, Bacillus cereus and E.coli were used as the test bacteria because they are occasionally found 

as food borne microorganisms that might cause gastroenteritis. Antagonism of probiotic bacteria on 

spoilage and pathogenic bacteria can be affected by many factors including bacterial load, growth 

conditions and resistance of the pathogens to the inhibitory substances. In a study comparable to 

present study, L. rhamnosus strains, LR1524 and GG showed inhibition zone >21 mm and found to 

be inhibitory for pathogenic and spoilage bacteria (Tharmaraj and Shah, 2009). In another similar 
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study, two strains of L. rhamnosus 52 and 54, isolated from raw goat milk showed inhibition zone 

>15 mm against same pathogenic strains related to our study (Mami Anas et al., 2008). 

 

Cell auto aggregation  

        

This phenomenon is very important in a number of ecological niches, particularly in the 

human gut, the most common intended action site for probiotics (Jankovic et al., 2003). Among 

three, PD2 showed a significant higher cell auto aggregation (56.60%) after 5 h of incubation as 

exhibited the ability to auto aggregate by clumping of cells to the same strains. PD11 and PD30 

showed lower cell auto aggregation 20.11% and 16.42%, respectively (Table 6).  

 

Table 6. Cell autoaggregation activity of dosa batter isolates 

 

 

    Isolate type 

% Auto aggregation at diff. Incubation time (hours) 

1 h 2 h 3 h 4 h 5 h 

PD2 20.76±1.12 21.72±2.23 46.89±3.11 51.24±1.86 56.60±2.39 

PD11 5.68±1.05 8.88±1.67 12.85±2.27 15.82±2.24 20.11±1.81 

PD30 11.40±1.35 13.07±1.89 14.77±1.99 15.20±1.78 16.42±2.22 

 sd: standard deviation٭  

 

The high cell auto aggregation capacities suggest that these strains could be very useful in 

forming biofilms and/or in GI tract colonization, which are the ways of forming a barrier against 

colonization by pathogenic microorganisms (Schellenberg et al., 2006). According to Schachtsiek et 

al., (2004), spent culture supernatants of auto aggregating lactobacilli mediate not only the 

aggregation of cells of the producer strains, but also the aggregation of other lactic acid bacteria. In 

a similar type of work by Kaushik et al., (2009), L. rhamnosus LA7 showed uppermost cell auto 

aggregation (46.5%). In another study by Hati et al., (2014), cheese isolate C6 exhibited 21.06 % 

cell auto aggregation at the end of 2 h of incubation. 

 
CONCLUSION  

 

The results of the present work indicate that lactic acid bacterial strains isolated from 

traditional South Indian fermented snack showed good probiotic potential, still further detail 

studies are needed to elucidate therapeutic benefits of the same strains. Among three strains, PD2 

showed extra ordinary results regarding tolerance to gastro-intestinal conditions, Cell surface 

Hydrophobicity, susceptibility towards various antibiotics. It showed highest cell auto aggregation 

ability and able to produce antimicrobial compounds and so can inhibit harmful microorganisms 

from its surroundings. Still a lot work require to isolate new strains from the non dairy products 

for their beneficial application for the society.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
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