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Abstract— This study evaluated the probiotic potential, antibacterial and antioxidant activity of Lactobacillus plantarum 
CM1 isolated from cow milk collected from Udaipur city. The probiotic potential includes the tolerance to bile and acid, 
resistance to antibiotics. Tolerance to bile and acid was determined by growing them in the presence of three different bile salts 
and simulated gastric juice with different pH values respectively. This strain was tested for resistance against 7 different 
antibiotics. The antibacterial activity of the culture supernatants neutralized with and without NaOH was tested against 
different gram-positive and negative pathogenic bacteria. Antioxidant activity was determined in terms of total antioxidant 
activity by two in-vitro methods i.e. ferric reducing antioxidant power (FRAP) assay and Linolenic acid (LA) test. From the 
results obtained Lactobacillus plantarum CM1 showed tolerance to all the 3 bile salts namely sodium taurocholate, oxgall and 
sodium tauroglycocholate used in the study. Among all the three bile salts Lactobacillus plantarum CM1 showed better growth 
in the presence of oxgall while fair growth in presence of  sodium taurocholate and less growth in presence of sodium 
tauroglycocholate.  This strain showed considerable survival at all the pH values used in the study for 3h but best survival was 
observed at pH 7 after 3h. Among 7 different antibiotics the culture showed resistance against only two antibiotics namely 
vancomycin and kanamycin. This strain also showed demonstrable antibacterial activity in both the supernatants neutralized 
with and without NaoH against all the pathogenic bacteria used in the study. Lactobacillus plantarum CM1 showed good 
antioxidant activity in both the tests. In FRAP assay the reducing power observed for this strain was 514.45 µM FeSO4 and in 
LA test high inhibition of linolenic acid peroxidation was observed which was 32.80%. The findings of the present study 
suggested that this strain may be a promising candidate for use as a probiotics.  
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I. INTRODUCTION 
 
  Probiotics can be defined as live micro-organisms which, 
when administered in adequate amounts, confer a health 
benefit to the host1. Members of the group lactobacilli are 
one of the most extensively studied probiotic.  Lactobacilli 
are generally regarded as safe (GRAS) organisms that can be 
useful in maintenance of good health. The health benefits 
provided by probiotic Lactobacillus spp. includes reduction 
of lactose intolerance, lowering serum cholesterol level, 
increasing utilization of nutrients, decrease use of 
antibioitcs, prevent Alzheimer’s disease and  relief diarrhoea 
etc.2,3,4,5,6,7 Organisms to achieve a probiotic status they must 
fulfill a number of criteria related to safety, functional aspect 
and technological properties. According to the guidelines for 
the evaluation of probiotics reported by Food and 
Agriculture  Organization (FAO/WHO), safety and 
functional properties such as tolerance to gastric acidity and 
bile toxicity, antibiotic resistance are highly important and 
should be studied using reliable in vitro screening methods8.  
In addition, the antagonistic effect of organism against 
various pathogens is other important property for their 
confirmation as probiotic. 
The antioxidant activity of the Lactobacillus strain is also a 
considerable probiotic property which reduces the risk of 
oxidative damage caused by reactive oxygen species in the 
host. Several studies also described the antioxidant activity 
of selected probiotic strains using in vitro tests and it has 
been suggested that Lactobacillus may improve the 
antioxidant defence system of the host.9,10  
To exert health benefits, probiotic must be able to survive 
and colonize the intestinal tract. For the survival and 
colonization in the gut probiotic should express high 
tolerance to bile and acid and should have resistance to 
antibiotics and antibacterial activity. From the above point of 

view the present study was conducted to evaluate the 
probiotic potential of Lactobacillus plantarum CM1 on the 
basis of probiotic properties (bile and acid tolerance, 
antibiotic resistance), antibacterial and antioxidant activities 
using in vitro methods.   
 
II. MATERIALS AND METHODS 
 
A. Isolation of the culture  
Lactobacillus plantarum CM1 strain was previously isolated 
from cow milk sample collected from Udaipur city on MRS 
agar medium supplemented with 0.2% of sodium 
thioglycollate (reducing agent) and 0.02% of sodium 
taurocholate bile salt. The culture was maintained in litmus 
milk at 10°C in refrigerator.  
B. Detection of bile tolerance 
The bile tolerance was studied according to the method of 
Gilliland and Walker 11. Briefly, the culture was tested for 
rapidity of growth in broth medium with and without added 
bile. Freshly prepared culture with optical density 0.820 was 
inoculated (1%) into MRS broth without bile salt (control) 
and MRS broth containing 0.1% to 0.5%  concentrations of 
three bile salts namely sodium taurocholate 
(Chemika-Biochemika Reagents), sodium tauroglycocholate 
(Hi-Media) and oxgall (Merck) and was incubated at 370C. 
The growth was monitored hourly by measuring the 
absorbance with a spectrophotometer (Systronics, 106) at 
600 nm upto 6 h. The absorbance values were plotted against 
the incubation time. All the experiments were replicated 
twice. 
C. Detection of acid tolerance in simulated gastric juice 
Tolerance to acidic pH values was determined by growing 
them in simulated gastric juice using standard pour plate 
method. The simulated gastric juice was prepared by 
supplementing PBS with pepsin (3g/l). Culture was grown in 
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MRS broth at 37°C for 24 h and sub cultured in to fresh MRS 
broth and incubated for another 24 h. The grown culture was 
centrifuged at 5000 rpm for 10 min at 4°C. The pellet was 
washed in sterile PBS (pH-7) solution and resuspended in 10 
ml of PBS. The culture was diluted in 1/100 in PBS of pH 1, 
pH 2, pH 3 and pH 7 and incubated at 37°C.  Phosphate 
buffer saline pH 7 was used as control. Total viable count of 
the culture was determined after an incubation of 1, 2 and 3 h 
by standard plate count method. All the experiments were 
replicated twice.  
D. Detection of antibiotic resistance 
Bacterial antibiotic resistance was determined on solid MRS 
medium by using disk diffusion method12. Seven different 
antibiotic disks (Hi-media) such as ampicillin, tetracycline, 
kanamycin, streptomycin, penicillin, vancomycin and 
rifampicin were used in this study. Finally the diameter of 
the zone of inhibition extending laterally around the disk 
was measured with scale and a clear zone of 1 mm or more 
was considered positive inhibition. All the experiments were 
replicated twice. 
E. Detection of antibacterial activity 
The isolate was screened for the antibacterial substance by 
inoculating active culture into MRS broth and incubating 
overnight at 370C. The stationary cells were centrifuged at 
3000 rpm for 20 min. The culture supernatant neutralized 
with and without 1N NaOH was tested for antibacterial 
activity against gram-positive Micrococcus luteus (NCDC 
131), and gram-negative Pseudomonas aerouginosa (NCIM 
5029), Enterobacter aerogenes (NCDC 106), Proteus 
vulgaris (NCDC 73) and Serratia marcescens (NCDC 108) 
bacteria. For determining the antibacterial activity of the 
isolates against the potential pathogenic bacteria agar well 
assay13 was used. All the experiments were replicated twice. 
Finally the diameter of the zone of inhibition extending 
laterally around the well was measured with scale. The clear 
zone of 1 mm or more was considered positive inhibition. 
F. Detection of antioxidant activity 
Antioxidant activity of the isolates was determined by two 
methods i.e. ferric reducing antioxidant power (FRAP) 
assay14 and Linolenic acid (LA) test9. 
 
i) FRAP assay   
Sample was prepared by inoculating the culture (1%) in to 
sterile MRS broth (10 ml) followed by incubation for 18 h at 
37°C. After incubation, the culture was centrifuged at 
12,000 rpm for 10 min at 4°C. The supernatant was 
discarded, and the pellet was washed by resuspending it in 
10 ml of double distilled water and centrifuging it again 
under the same conditions. Each washed pellet was 
resuspended in 10 ml of phosphate buffer saline (pH 7).  This 
suspension of whole cells was incubated at 37°C for 30 min. 
At the end of the incubation period, whole cells were 
centrifuged for removal of cells and supernatant was 
collected for evaluation of antioxidant activity (Saide and 
Gilliland, 2005). An aliquot of 100 µl of the culture 
supernatant was taken in tube and mixed with 3 ml of FRAP 
reagent (FRAP reagent was prepared by mixing 10 ml of 300 
mM acetate buffer (pH 3.6), 1 ml of 10 mM TPTZ  solution 
and 1 ml of 20 mM FeCl3.6 H2O solution (i.e., in the ratio 
10:1:1 v/v) at the time of use). The samples were mixed and 
then incubated at 37°C for 30 min. The increase in 
absorbance was measured at 593 nm against acetate buffer 
using spectrophotometer (Systronics 106). For control 
preparation 100 µl of distilled water was taken instead of 
sample and subtracted from the sample reading to calculate 
increase in absorbance for each sample. The results were 
expressed as ferrous sulphate equivalent values which were 

determined using standard curve prepared by methanolic 
solution of known Fe (ll) concentrations in the range of 
100-1000 µM/l (FeSO4.7H2O). 
ii). LA test 
The total antioxidative activity (TAA) of the culture was 
assessed by using the linolenic acid test (LA test) as 
described by Kullisaar et al., (2002). The linolenic acid 
solution was diluted in isotonic saline (1:125) and then 0.4 
ml linolenic acid was taken in a test tube. An aliquot of 45 µl 
of the sample and 10 µl of 0.01% SDS were added to it. An 
aliquot of 0.2 ml of 0.1 mM FeSO4 was added to the mixture 
and incubated at 37°C for 60 min. The reaction was 
interrupted by adding 0.2 ml of 0.25% butylated 
hydroxytoluene. Then the mixture was treated with 0.5 ml 
acetate buffer (pH 3.5) and heated with freshly prepared 2 ml 
of 1% thiobarbituric acid solution (TBA) at 80°C for 40 min. 
After cooling, the mixture was acidified by adding 0.5 ml 
cold 5 M HCl and then added with 1.7 ml cold 1-butanol. 
The mixture was centrifuged at 3000rpm for 10 min and 
absorbance of butanol fraction was measured. The TAA of 
sample was expressed as the inhibition of linolenic acid 
peroxidation which is as follows: [1 - A534 (sample)/A534 
(LA as control)] x100. The higher numerical value (%) of 
TAA indicates the higher TAA of the sample. Peroxidation 
of linolenic acid in the isotonic saline (without samples) 
served as a control. 
 
III. RESULTS  
 
Tolerance to bile salts is an important criterion for the 
selection of probiotics. Lactobacillus plantarum CM1 
isolate showed varied degree of growth when grown in MRS 
medium supplemented with different concentrations (0.1, 
0.2, 0.3, 0.4 and 0.5%) of sodium taurocholate. In the control 
significant increase in growth with an increase in incubation 
period up to 6 h was observed. The maximum growth (O.D. 
0.14 at 600nm) was observed in the control after 6 h of 
incubation period. There was an increase in O.D. observed in 
all the concentrations of sodium taurocholate used from 1 to 
6 h of incubation period (Text fig 1). After 2 h of incubation 
period significant decrease in growth was observed at 0.1% 
(O.D. 0.02 at 600 nm) and 0.3% (O.D. 0.01 at 600 nm) 
concentrations of sodium taurocholate as compared to the 
control. Similar pattern was observed up to 6 h incubation 
period at which only 21% growth was observed for the 
organism as compared to the control at 0.5% concentration 
of sodium taurocholate. 
Lactobacillus plantarum CM1 isolate showed varied degree 
of growth when grown in MRS medium supplemented with 
different concentrations (0.1, 0.2, 0.3, 0.4 and 0.5%) of 
oxgall. In the control significant increase in growth with an 
increase in incubation period up to 6 h was observed. The 
maximum growth (O.D. 0.15 at 600nm) was observed in the 
control and 0.1% concentration of oxgall after 6 h of 
incubation period. There was an increase in O.D. observed in 
all the concentrations of oxgall used from 1 to 6 h of 
incubation period (Text fig 2). After 2 h of incubation period 
significant decrease in growth was observed at all the 
concentrations of oxgall as compared to the control. Similar 
pattern was observed up to 6 h incubation period at which 
only 80% growth was observed as compared to the control 
for the organism at 0.5% concentration of oxgall. 
Lactobacillus plantarum CM1 isolate showed less growth 
when grown in MRS medium supplemented with different 
concentrations (0.1, 0.2, 0.3, 0.4 and 0.5%) of sodium 
tauroglycocholate. In the control significant increase in 
growth with an increase in incubation period up to 6 h was 
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observed. The maximum growth (O.D. 0.14 at 600nm) was 
observed in the control after 6 h of incubation period. There 
was no significant increase in O.D. was observed in all the 
concentrations of sodium tauroglycocholate used from 1 to 6 
h of incubation period (Text fig 3). After 3 h of incubation 
period logarithmic decrease in growth was observed in 0.1% 
(O.D. 0.02 at 600 nm) and 0.2% (O.D. 0.01 at 600 nm) 
concentrations of sodium tauroglycocholate. After 6 h of 
incubation period 71%, 14% and 7% growth was observed 
as compared to the control at 0.1%, 0.2% and 0.3% 
concentrations of sodium tauroglycocholate respectively. 
Among all the three bile salts Lactobacillus plantarum CM1 
showed better growth in MRS broth containing oxgall. 
While fair growth observed in MRS broth supplemented 
with sodium taurocholate and less growth was observed in 
MRS broth supplemented with sodium tauroglychocolate. 
Tolerance to acidic condition is another important probiotic 
property. Lactobacillus plantarum CM1 showed varied 
degree of survival when grown in various pH values (pH1, 
pH2, pH3 and pH7) of simulated gastric juice. At pH1 it was 
observed that there was rapid decrease in survival with an 
increase in incubation period (Text fig.4). After 3 h of 
incubation period the minimum survival (0.1 x 107cfu/ml) 
was observed at pH1. The maximum survival (2.16 x 
107cfu/ml) after 3 h of incubation period was observed at 
pH7. Similar pattern was observed in all the period duration 
with increase in pH values. 
 
Lactobacillus plantarum CM1 was found to be resistant 
against kanamycin and vancomycin and the diameter of zone 
of inhibition against the different antibiotics was ranged 
from 15 mm to 25 mm (Table 1). 
Lactobacillus plantarum CM1 strain showed a demonstrable 
antibacterial activity in both the supernatants neutralized 
with and without NaOH. Both the supernatants of 
Lactobacillus plantarum CM1 showed highest inhibition 
zones against gram-positive Micrococcus luteus indicator 
organism. The sizes of inhibition zones obtained for 
Lactobacillus plantarum CM1 in supernatants with and 
without NaOH against Micrococcus luteus were 15.5 and 
19.5mm respectively and the sizes of inhibition zones 
against rest of the indicator organisms were ranged from 10 
to 12mm and 14.0 to 16.0 mm respectively (Table 2).  
The Lactobacillus plantarum CM1 isolate showed 
significant antioxidant activities when analyzed by two 
methods i.e. (a) Ferric reducing antioxidant power (FRAP) 
assay and (b) Linolenic Acid (LA)-Test.  In FRAP assay the 
antioxidant activity showed by Lactobacillus plantarum 
CM1 was 514.45 µM of FeSO4 and inhibition of linolenic 
acid peroxidation was observed 32.8% by LA test. 
 
IV. DISCUSSION  
 
According to FAO/WHO working group one of the most 
widely used in vitro test for screening of probiotic strains is 
to test their resistance against bile compounds. According to 
Mathara et al., 16 the efficient probiotic bacteria should be 
able to grow in bile concentrations ranging from 0.1 to 0.5%. 
As food typically stays in the stomach between 2 to 4h the 
probiotic organisms should be able to reach the GI tract and 
must remain viable there for atleast 2 to 4 h. Lactobacillus 
plantarum CM1 exhibited satisfactory degrees of tolerance 
against two bile salts sodium taurocholate and oxgall, 
especially to oxgall at 0.5% bile concentration after 6 h. 
Lactobacillus species used as probiotics must be resistant to 
the acidic conditions of the stomach. The bacteria, which 
enter the digestive tract, pass through an active acidity range 

from pH 2 to 8. During intake of food probiotic lactobacilli 
reach the stomach in the conditions of low pH values and the 
presence of pepsin. After that, they pass through the small 
intestine where the pH is acidic and reach the large intestine 
which has a neutral pH value17. In this concern we 
investigated the ability of Lactobacillus isolates to survive at 
low pH and neutral pH in presence of pepsin. In present 
study it was found that the Lactobacillus plantarum CM1 
isolate showed survival at all the pH values used in the study 
for 3 h. However this strain showed best survival at pH 7 and 
the survival was decreased as the pH values were decreased 
after 3h. The loss of survival at low pH in presence of pepsin 
may be due to the activity of pepsin on peptide components 
of the cell wall. At neutral pH values, the action of enzyme 
remains suspended and organisms grow well17. It may be 
possible that because of the same reason the survival of the 
strain was found higher at pH7 in the present study. Among 
all the antibiotics used in the study the strain was found to be 
resistant to vancomycin. This result is confirmed by the 
findings of Salminen et al., 18 who reported that vancomycin 
resistance is an intrinsic property of Lactobacillus strains.  
 
Antibacterial activity is one of the important properties for a 
strain to be a functional probiotic. The production of 
antimicrobial compounds by a probiotic organism provides a 
competitive edge to their survival and proliferation in GI 
tract and can also help in eradication of pathogenic bacteria. 
The bacterial supernatant without NaOH of the strain 
showed stronger activity as compare to that of neutralized 
supernatant. Similar findings were also reported by Sirilun et 
al., 19 who proposed that the weak antibacterial activities in 
neutralized supernatant may be due to the other factors 
except acid and may be due to the production of bacteriocins 
that are active against pathogenic organisms at the optimum 
pH.  This may be the possible reason for antibacterial 
activities in neutralized supernatant in the present study. 
  
Lactobacillus plantarum CM1 showed high antioxidant 
activity in both the test. According to Hutt et al., 20 the total 
antioxidant value of probiotic bacteria is considered high if 
TAA is greater than 20%. In this regard the Lactobacillus 
plantarum CM1 used in the present study showed high 
antioxidant activity as they showed greater than 20% total 
antioxidant activity by linolenic acid peroxidation test. 
 
CONCLUSIONS 
 
The strain Lactobacillus plantarum CM1 posses desirable 
probiotic properties with good antioxidant activity and can 
be used as probiotic candidate for further investigation 
including their health promoting effects and technological 
features.  
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Table 1: Antibiotic resistance pattern of Lactobacillus 
plantarum CM1 isolate 

Name of antibiotics 
 

Diameter of clear zone 
(mm) including disk 

diameter 
Tetracycline 21 

Penicillin 15.5 

Rifampicin 25 

Ampicillin 25 

Streptomycin 15 

Vancomycin 0 

Kanamycin 0 
 

Table 2: Antibacterial activity of Lactobacillus 
plantarum CM1 against different pathogenic bacteria 

S. No. 
Name of 

Pathogenic 
organisms 

Diameter of clear zone 
(mm) including well 

diameter 

Supernatant 
With NaOH 

Supernatant 
Without 
NaOH 

1 Serratia 
marcescens  16 10.5 

2 Enterobacter 
aerogenes  14 11.5 

3 Proteus 
vulgaris  15 10 

4 Pseudomonas 
aerouginosa  16 12 

5 Micrococcus 
luteus  19.5 15.5 

 
 
 
 
 
 
 
 

 


