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ABSTRACT 

Lactic acid bacteria, as indigenous flora in raw milk are widely used in the production of 

fermented products and beverages and contribute both to the sensory qualities of the milk. Lactic 

acid bacteria (LAB) cause reduction of GI diseases by promoting growth of healthy 

microorganisms and assassinating population of pathogens. thus act as most common and 

important probiotic organisms. The aim of this study was to isolate Lactobacillus from different 

yogurt samples collected from Gwalior region. Isolated culture was identified as Lactobacillus 

casei using several biochemical tests. Growth conditions were optimized using various growth 

parameters. Probiotic characteristics of L. casei were tested using various parameters viz.  

tolerance of bacteria to acid and bile, effect of salt concentration and temperature on bacterial 

growth were observed.  Isolated L. casei also showed antagonistic effects on a wide range of 

pathogenic microorganism which reflects its probiotic and health promoting activity. From our 

study, it is conceivable that the isolated lactic acid bacteria manifest probiotic effect. However, 

probiotic activity of the LAB isolate needs to be proven in an appropriate clinical setting. 
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INTRODUCTION 

Milk is an ideal growth medium for microbial growth which also possesses high nutritive value 

for human beings. Among microbes, lactic acid bacteria occur as major natural adventitious 

contaminants in raw milk, yoghurt, and many other milk products sometimes with the 

coexistence of yeasts, moulds and some other pathogenic microorganisms. Lactic acid bacteria, 

as indigenous flora in raw milk are widely used in the production of fermented products and 

beverages and contribute both to the sensory qualities of the milk and its fermented products [1]. 

Lactobacilli are Gram positive, usually nonmotile, non-spore forming, and devoid of catalase 

activity. They grow well under anaerobic conditions but may also proliferate in microaerophilic 

as well as aerobic conditions [2], [3]. 

Lactic acid bacteria as protective cultures and pertaining specific characteristics thus act as most 

common and important probiotic organisms. Probiotics are living organisms that impart 

beneficial effects on the healthy body by balancing microbial flora in gastrointestinal (GI) tract 

[4], [5]. Lactic acid bacteria cause reduction of GI diseases by promoting growth of healthy 

microorganisms and assassinating population of pathogens. They have important role in the 

control of undesirable microorganisms and considered as natural biopreservatives [6]. Moreover, 

as they are part of the normal human and animal gastrointestinal floras, in recent decades, much 

attention has been diverted to probiotic properties of lactobacilli. It has been shown that when 

administered in adequate amounts, they confer a health benefit on the host. Several probiotic 

Lactobacilli have been shown to survive during transit through the human gastrointestinal tract 

and to maintain a balanced intestinal microflora [7]. They are able to prevent the growth of 

pathogenic bacteria by producing antimicrobial metabolites [8]. Potential of probiotic bacteria 

that can be further used in medical setting, could be revealed based upon its antimicrobial 

activity, bile salt and acid tolerance [9]. 

The aim of this study is to isolate Lactobacillus from  various samples of milk and yogurt, 

identify them  using gram staining and several biochemical tests, optimize the maximum growth 

using different inoculation methods (pour plate vs. spread plate method) and growth conditions 

(aerobic vs. anaerobic conditions). The isolated and identified Lactobacillus strain was further 

tested for its probiotic characteristics using acid tolerance test, bile salt tolerance and effect of 
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temperature and pH.  The Lactobacillus was also tested for its ability to demote the growth of 

some pathogenic microbes viz. Salmonella enterica, Proteus mirabilis and Bacillus cereus. 

 

MATERIALS AND METHODS 

Isolation of Lactobacillus 

Five samples of local dairy products including cow milk, and yogurt were collected from 

different dairy centres of Gwalior (M.P.) city, India. Isolation of Lactobacillus was carried out 

using serial dilution method followed by viable plate count method on MRS agar plates. A strain 

of Lactobacillus was isolated from different samples and further identified by several 

biochemical tests. 

Characterization of isolated Lactobacillus 

Gram staining test 

Single colony was inoculated in a flask containing MRS Broth as enrichment media and 

incubated in 37°C. After 24 h, 100 μl of enriched samples was spreaded on MRS agar  and 

incubated at 37°C. Bacterial colonies were purified by subsequent subculturing and identification 

based on morphology was done using Gram-staining.  

Motility test 

Bacterial motility test was carried out using Carigie’s technique[10]. Bacterial culture was 

inoculated by stabbing into the tube having motility medium (Himedia). The motility of the 

bacteria was defined by observing the growth pattern of spreading in the incubated semisolid 

agar.  

Catalase test 

Single isolated colony was put on a glass slide and a drop of 3 % hydrogen peroxide (Sigma) was 

added on to it. The bubbles of oxygen indicated catalase positive result of the Lactobacillus.  
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Carbohydrate fermentation test 

 Different sugar substrates (Glucose, Sucrose and Maltose) were used to test carbohydrate 

fermentation test. To perform this, phenol red broth base agar medium was used. Each sugar was 

added in to it in the concentration of 0.1 % w/v.  Sterilized phenol red broth base agar slants 

containing different sugars were streaked with isolated culture and observed for colour change in 

the medium after 24, 48 and 72 hrs of incubation. For gas detection, media was put in the 

observation for the cracks in the media following incubation. 

Optimization of  Lactobacillus growth  

Effect of inoculation method 

Two different methods; pour plate and spread plate were used to get viable counts of 

Lactobacillus in MRS media.  These two methods were compared to get maximum number of 

colonies and discrimination among them. 

In pour plate method, 1 ml culture of Lactobacillus (dilution 10-4) was transferred in to a sterile 

petri plate and 20 ml of cool molten (temperature around 45°C) MRS agar was poured into the 

petri plate. Plate was then kept to get solidified and transferred to incubator at 37°C for 24 hrs. 

On the other hand, the spread plate method was conducted by adding 0.1 ml culture of 10-4 

dilution onto the surface of MRS agar plates and spreading it using a sterile L- shaped spreader. 

Plates were incubated at 37 °C for 24 hrs. Counting of number of colony was done using a  

Effect of cultivation condition 

Lactobacillus culture was grown in MRS broth in static and shaking condition both. Cultures 

were put in the incubator in shaking condition of 120 rpm.  Both methods were compared for 

growth using turbidometric method. 

Assessment of probiotics characteristics of Lactobacillus  

Tolerance to acidic pH 

Lactobacillus culture was inoculated in MRS broth medium already set at different pH (3, 5, 7, 

9) using NaOH (1.0 M) or HCl (1.0 M) and incubated at 37°C for 24 h.  The growth of culture 

was observed by both turbidometric and plate method under different pH values. 
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Tolerance to Bile Salt 

Lactobacillus was tested for its growth in MRS broth with and without presence of bile salts 

(Merck). During preparation of MRS broth, various concentrations of bile salts ; 0.1, 0.3, 0.5 and 

1.0 % (w/v) were added in to it and transferred in to 10 ml volume test tubes and sterilized at  

121 °C for 15 min. One tube was taken as control with no addition of bile salts. Tubes of each 

concentration (in triplicate) were inoculated with 0.1 ml of Lactobacillus culture and incubated at 

37 °C for 24 hrs. The total viable counts of Lactobacillus were obtained for all concentrations. 

The results were shown in terms of growth percentage in the various concentrations of bile salts. 

The bile tolerance (%) was calculated using the following formula: 

Bile tolerance (%) =
��.�� ������ ����� ���� ���� ����� 

��.�� ������ ����� ������� ���� �����
 x 100 %  

Effect of salt concentration 

During preparation of MRS broth, different concentrations of NaCl salt at 1, 3, 5 and 7 and 9 % 

(w/v) were added to it and dispensed in 10 ml volume test tubes and sterilized at 121 °C for 15 

min. Total viable count were determined in the different concentration of  

Effect of temperature 

To observe the effect of temperature, the culture was inoculated in 4 tubes of MRS broth and 

each tube was incubated at different temperature (25°C, 35°C, 45°C, and 55°C).  Effect of 

temperature was observed on growth by viable count method. 

In -vitro inhibition of gut pathogens by Lactobacillus 

Three gut pathogens (Salmonella enterica, Proteus mirabilis and Bacillus cereus) were selected 

to evaluate the inhibitory effect of Lactobacillus culture on their growth. For this, each 

pathogenic cultures were plated on fresh Nutrient agar plates separately and wells were drilled 

into the agar by using sterile Pasteur pipettes. 50-μl aliquots of supernatant of fresh overnight 

culture of Lactobacillus (cell-free culture supernatants) were suspended in agar plates.  Plates 

were incubated for 48 to 72 h under microaerophilic conditions at 37°C, and the diameters of 

inhibition zones around the wells were measured. Results were expressed as a mean diameter 
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and standard error. Escherichia coli culture was used as a negative control for in vitro inhibition 

activity. 

RESULT AND DISCUSSION 

Isolation and Characterization of isolated Lactobacillus 

Bacteria were isolated from different sources and locations. Total 7 colonies were obtained after 

isolation from different sources. Eventually, one colony was processed for getting pure culture. 

This colony was identified first with gram’s staining which showed that the isolated culture gram 

positive, rod shaped coccobacilli, occurring singly or in chains. The gram staining results 

indicated that the isolated bacteria could be identified as Lactobacilli. Carigie’s technique 

confirmed that the bacteria were non-motile as it grew only along the stab line in the medium 

[10]. Catalase test indicating that the isolated bacterium was catalase negative and could not 

mediate the decomposition of H2O2 to produce O2. 

The main objective of carbohydrate fermentation test is to investigate the ability of bacteria to 

ferment different types of carbohydrate. Phenol red broth base medium was used as an indicator 

to differentiate the bacteria according to their patterns of carbohydrate utilization. Isolated 

bacteria were able to ferment glucose, but not sucrose and fructose. No bubble was detected from 

the media inserted with Durham tube indicating that no gas production was occurring during 

growth of culture (Table 1). Thus, according to Bergey’s manual, the results obtained give 

identification of culture to be Lactobacillus casei. 

Parameters affecting Lactobacillus casei growth 

Viable counts of L. casei was determined upon cultivation by pour plate and spread plate 

methods in MRS agar. The viable counts were slightly higher in pour plate than that of the 

spread plate method (Fig.1). The reason being higher count in pour plate method would be 

because L. casei is facultative anaerobic bacteria [11], pour plate method is known to have 

greater value than spread plate method and considered superior in these types of microorganism.   

The growth of L. casei in static and shaking conditions is shown in Fig. 2. Viable counts were 

not having significant difference in both of the conditions.  Justification for this can be given by 

nature of L. casei which is facultative and it can grow in both aerobic and anaerobic conditions 
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[11]. The results are similar to the finding of Kelly and colleagues (1995)[12]. They reported no 

difference in bacterial count for MRS agar when incubated under aerobic and anaerobic 

conditions. Hence, both of the conditions are suitable to grow L. casei. 

Probiotic characteristics of Lactobacillus casei 

Tolerance to acid 

Growth at different pH (3, 5, 7, 9) was observed of the growth of L. casei at different pH values. 

The turbidity was observed and viable counts were determined. The culture was able to grow in 

low pH values in the range of 3.0 and 5.0 along with 7.0 pH. Growth was least on pH 9.0 

indicating that the bacteria preferred to grow in acidic and neutral environment (Fig. 3).  

Bile salt tolerance 

The bacteria to be used as probiotics should be having property to resist inhibitory factors in the 

gastrointestinal tract such as bile salts [5]. For this purpose, the effect of different concentrations 

of bile salts (0.1, 0.3, 0.5 and 1%) on the growth of L. casei in MRS broth was investigated (Fig. 

4). Total viable count of L. casei was reasonable in all four concentration used except highest 

concentration (1%) at which growth was comparatively low.  The bile tolerance results were 

80%, 68%, 60% and 45 % for the 0.1%, 0.3%, 0.5% and 1.0 % of bile salt concentrations. The 

ability of L. casei to resist bile salts was studied by other researchers [13], [14]. 

Effect of salt concentration 

Different concentrations of salt (1%, 3%, 5% and 7%) were used to investigate the effect of salt 

on growth of L.casei.  The bacteria were able to grow at highest salt (7% NaCl) concentration 

also (Fig. 5).  

Effect of Temperature 

To assess the effect of temperature, L. casei were grown in MRS broth and incubated at different 

temperature (25°C to 55°C). The bacteria showed optimum growth at 35°C and 45°C. There was 

slightly less growth at 25°C and least growth at 55°C (Fig. 6).  
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In-vitro inhibition of gut pathogens by Lactobacillus casei 

With the well diffusion assay, the activity of L. casei against Salmonella enterica, Proteus 

mirabilis and Bacillus cereus was assessed. Antimicrobial activity was evident in cell-free 

supernatant of L. casei from overnight cultures (inhibition zones, 16.0 to 22.0 mm) after 24 hrs 

(Table 2). Inhibition zones were observed in all three strains which reflect that the probiotic from 

L. casei would be effective for all three bacterial species tested (Fig. 7). No inhibition was 

observed when E. coli was used instead of L. casei (control experiment) Washed cells were also 

used to compare inhibition zone in cell free versus cell culture. No significant difference was 

observed in antimicrobial activity using both of the cell free and cell culture (data not shown). 

These results suggested that the presence of living L. casei is not required for pathogen 

inhibition.  Probiotics may be secreted in the media and effective against gut pathogen.  

There are components produced by lactic acid bacteria (LAB) that can inhibit growth and 

eliminate Methicillin-resistant Staphylococcus aureus (MRSA). Antimicrobial activity and 

inhibitory effect of the lactic acid bacteria on growth of MRSA have been tested on solid as well 

as liquid medium. Elimination of 99% of the MRSA cells were observed after 24 h of their 

incubation with LAB at 37 °C [15].  In another report, good antimicrobial activities of nine 

strains of Lactobacillus against the tested pathogenic strains of humans were also demonstrated, 

and most of them showed stronger antimicrobial activity than the reference strain L. casei 

Shirota [16]. 

CONCLUSION 

In this study, Lactobacillus casei was isolated and identified from yogurt samples collected from 

selective regions of Gwalior, Madhya Pradesh, India. Several biochemical tests were performed 

for the identification. Growth conditions were optimized using various growth parameters. To 

test the probiotic characteristics of L. casei, various parameters viz.  tolerance of bacteria to acid 

and bile, effect of salt concentration and temperature on bacterial growth were observed.  L. 

casei also showed antagonistic effects on a wide range of pathogenic microorganism. Inhibitory 

effects of bacteria on pathogens have an important role in human health by maintaining balance 

in gut microbiota. Given the results of this study, these bacteria can be considered as potential 

probiotic for human health and raised for producing several kinds of pharmaceutical products 
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and health supplement. Nevertheless, subsequent studies are needed to upgrade health-promoting 

activity of probiotic bacteria and evaluate side effects of probiotics in immuno-compromised 

person.   
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FIGURES AND TABLES 

 

Figure 1. Viable counts of L. casei upon cultivation by pour plate and spread plate methods in 

MRS agar. 
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Figure 2. Growth of L. casei in static and shaking conditions 

 

Figure 3. Growth of L. casei at different pH (3, 5, 7, 9) 

International Journal of Scientific Research and Review

Volume 8, Issue 3, 2019

ISSN NO: 2279-543X

Page No: 920



 

Figure 4. Effect of different concentrations of bile salts (0.1, 0.3, 0.5 and 1%) on the growth of 

L. casei in MRS broth. 

 

 

Figure 5. Effect of salt on growth of L.casei. 

International Journal of Scientific Research and Review

Volume 8, Issue 3, 2019

ISSN NO: 2279-543X

Page No: 921



 

 

Figure 6. Effect of temperature (25°C to 55°C) on growth of L. casei 

 

Figure 7. Antimicrobial activity in cell-free supernatant of L. casei from overnight cultures 

(inhibition zones, 16.0 to 22.0 mm) after 24 hrs. 
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TABLES 

Table 1. Identification and characterization of isolated Lactobacillus. 

S.No. Test Result 

1. Gram’s staining Gram positive, rod shaped coccobacilli 

2. Motility Test Negative 

3. Catalase Test Negative 

4.  Carbohydrate Fermentation test 
Glucose 
Fructose  
Sucrose 

 
Positive 
Negative 
Negative 

5. Gas production Negative 

Table 2. Evaluation of antagonistic activity of L. casei against three pathogenic bacteria 

after 24 hrs. 

S. No. Test Pathogen Inhibition zone (mm)a 

1. Salmonella enterica 20.83±0.42 

2. Proteus mirabilis 19.83±0.25 

3. Bacillus cereus 17.00±1.00 

 

a Experiment was performed in triplicate and zone of inhibition is represented as means ± 

standard  deviation.  
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