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ABSTRACT: Probiotics are live microorganisms introduced orally in the gastrointestinal tract (GIT) that are able to
contribute positively to the activity of intestinal microflora and therefore, to the health of its host. A variety of
probiotic supplements are currently available in the market which target towards improving the balance and
activity of the intestinal microflora. Probiotics must have robust survival properties in the gut in order to exert any
beneficial health promoting properties. Many in vitro properties, such as adhesion, co-aggregation, aggregation,
hydrophobicity, resistance to pH, bile, etc., are usually investigated to determine if a specific selected strain would
be suitable as a probiotic. Lactobacillus casei has been isolated from raw cucumber and identified based on
phenotypic, physiological and biochemical characteristics. The isolate was studied for its survival at acidic pH, bile
salt, intestinal juice, gastric juice, different NaCl concentrations, their action against pathogens, and resistance to
antibiotics, and their aggregation and co-aggregation properties. The organism has shown well resistance to gastric
acids, bile digestion antibiotics and pathogenic microbes and also exhibited good aggregation and co-aggregation
properties.
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1. INTRODUCTION
Probiotics are defined as “live microorganisms which
when administered in adequate amounts confer a
health benefit on the host” [1]. The use of probiotic
bacteria for the health of human has been increased
from the last decade due to the increased research on
benefits of the probiotics for human. Knowledge of gut
health and awareness of general health consciousness
in human leads to the search of new probiotic bacteria
[2-7]. It has been proved that irritable bowel syndrome,
inflammatory bowel disease, and antibiotic-induced
diarrhea that occur due to the imbalance in the
intestinal microflora can be reversed by the intake of
probiotics. Lactobacillus species are “Generally
Recognized as Safe” (GRAS) microorganisms and they
are the most commonly used microorganisms as
probiotics and are the most desired intestinal
microflora. It is important to study the biocompatibility
of the lactobacillus species before using them as
probiotics. Acidic pH, bile salts, and gastric and
intestinal juice in the gastrointestinal tract (GIT) are
the major stress factors that the probiotics should
overcome in order to survive in GIT. Other than their
survival capabilities, the probiotic microbes consumed
should possess the capacity to adhere and colonize in
the gastro intestinal tract. More the adherence capacity
of the probiotics more is their chance to retain
themselves in the GIT and provide positive effect to the

consumer. In accordance with the FAO/WHO (2002)
guidelines [8] in order to prevent the transmission of
antibiotic resistance genes from the probiotics to the
intestinal pathogens it is recommended that the
antibiotic resistance/susceptibility pattern of every
probiotic strain (including bacteria with GRAS status) is
to be determined.
Due to the development of antibiotic resistant
pathogens there is increased interest in the alternative
antimicrobial strategies for treatment and prevention
of infections by using probiotics and their antimicrobial
metabolites. Hence, antimicrobial activity against
pathogens is a desirable property of a potential
probiotic strain. The present study was aimed at
isolation,
identification,
characterization
and
biocompatibility study of the Lactobacillus strain
isolated from cucumber. The biocompatibility
properties were investigated through in vitro assays.
2. MATERIAL AND METHODS
2.1 Isolation and Identification of Bacteria
Fresh cucumber juice was prepared and 1ml of this was
serially diluted to 10-5 to 10-6 and inoculated 0.1 ml on
to lactobacillus MRS agar plates and incubated at 37°C
for 24-48 hours anaerobically. Gram’s staining, catalase
activity, gas production from glucose, MRVP test,
gelatine hydrolysis, growth in different NaCl was
determined according to methods for lactic acid
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bacteria [9-10]. The identification work was done
according to the methods described in Bergey’s Manual
[11] and the Prokaryotes. All the strains were
maintained by weekly sub culturing from 48hrs MRS
agar cultures. Growth characteristics at different
temperature were monitored for 7 days period.
Production of ammonia from arginine was done
according to the method described by Abdel-Malek and
Gibson, 1948 [12], Nitrate reduction was done as
described by Gerhardt et al., 1981 [13]. The isolates
were maintained in MRS broth, stock cultures were
stored on agar slants in refrigerator and also freeze
dried and stored for longer period.
2.2 Growth at acidic pH
The growth behavior of culture isolate was observed at
acidic pH to find the acid tolerance capacity of
organisms. The Isolate was inoculated in MRS broth
with pH 2 and 3 and incubation was done at 37°C for
48-72 hrs. During these incubation time cells growth
was observed and results were recorded.
2.3 Transit Tolerance
2.3.1 Simulated Gastric Juice
The simulated gastric juice was prepared freshly by
suspending pepsin 1:10000 (3g/L) (SRL) in sterile NaCl
(0.5%) and the pH was adjusted to 2.0 and 3.0
respectively. This was filter sterilized using 0.45µm
filter. The L. casei was grown in de Man, Rogosa and
Sharpe (MRS) broth at 37°C for 24 h and centrifuged at
2,500 × g at 4°C for 10 min. The collected cells were
resuspended in sterile saline (0.5% NaCl) and
inoculated into the simulated gastric juice (pH 2.0 and
3.0) at 108 cfu/ ml. The test was done in triplicates.
Because the pH in the human stomach ranges from 1
(during fasting) to 4.5 (after a meal) and food ingestion
can take up to 3 h, tolerance was assayed by
determining the total viable count at 0, 1.5 and 3-h
incubation in simulated gastric juice (pH 2.0 and 3.0).
2.3.2 Simulated Intestinal Juice
The simulated intestinal juice was prepared freshly by
suspending pancreatin (1g/L) in sterile NaCl (0.5%)
and adjusted the pH to 8.0. This was again filter
sterilized by using 0.45µm filter. 1ml of the suspension
of the L. casei was inoculated into 9ml of simulated
intestinal juice (pH 8.0) and incubated at 37°C. The test
was done in triplicates. The survival rate was assessed
by determining the total viable count at 0, 2, 4, 6 and
8hrs of incubation.
2.3.3 Bile Tolerance
Bile plays an important role in the survival of bacteria
in the small intestine. Food remains in the small
intestine for around 4-6 hours [14] till it gets absorbed.
The L. casei was screened for its survival at different
bile concentrations. The organism was inoculated into
10 ml MRS broth in test tubes and incubated at 37ºC
overnight in anaerobic condition. 100μl of active
culture was inoculated into fresh MRS broth tubes with
pH 6.5 containing 0.3%, 0.5% and 1.0% bile (CDH
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India). The bacterial survival was measured by MRS
agar colony count by taking 100μl culture for 0, 30, 60,
90 and 180 min and aliquots spread onto MRS agar
plates to calculate the CFU/ml. The experiment was
determined in triplicate to calculate intra-assay
variation. CFU/ml was recorded.
2.4 Aggregation
Aggregation [15] assay was performed by growing the
isolates in MRS broth for 24 hours anaerobically at
37°C. The cells were harvested by centrifugation at
5000 rpm for 15 min, at 4°C. The cells were washed
twice and re-suspended in phosphate buffered saline
(PBS) to give viable counts of approximately 108 CFU/
ml. Four ml of the cell suspension was mixed for 10
seconds in a sterile tube to determine auto aggregation
during 5h of incubation, at room temperature. The
upper suspension was used in each hour by
transferring 0.1ml to another 3.9ml of phosphate buffer
solution, and the optical density at 660nm was
measured. Tests were carried out in triplicate and the
results were averaged.
The auto aggregation percentage was calculated by the
formula: 1- (At/A0) X 100, where, At represents the
absorbance at time t = 1, 2, 3, 4 or 5, and A0 the
absorbance at t = 0. Aggregation abilities of
microorganisms were screened by visual observation.
2.5 Co-aggregation
The bacterial cells were harvested by centrifugation at
5000 rpm for 15 min after incubation at 37°C for 18h,
washed twice and resuspended in phosphate buffered
saline (PBS) to give viable counts of approximately 108
CFU /ml. Equal volumes (2 ml) of each cell suspension
were mixed together in pairs by vortexing. Control
tubes were set up at the same time, containing 4 ml of
each bacterial suspension on its own. The absorbance
at 660 nm of the suspensions was measured after
mixing and after 5 h of incubation. The percentage of
co-aggregation was calculated using the equation [16]
as,
Co-aggregation (%) = [(Ax + Ay) /2) - A (x+ y)] / [(Ax +
Ay)/ 2] × 100
Where x and y represent each of the two strains in the
control tubes, and (x + y) the mixture of isolate tested
for co-aggregation.
2.6 Antibiotic Sensitivity test
Antibiotic sensitivity test of the isolate was performed
by standard disc diffusion method (NCCLS 1999)
towards thirteen antibiotics. The pure culture of L.
casei suspension was spread on the MRS agar plates to
form a uniform smear. Selected antibiotic discs were
aseptically transferred on to the seeded plates. The
diameters of the zone of inhibition were measured
using antibiotic zone scale (Himedia India) after 24 h of
incubation. The experiment was repeated thrice and
the average inhibitory zone diameters were compared
with the standards provided by the National Committee
for Clinical Laboratory Standards. Diameters of
inhibition zones were measured and results were
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expressed as sensitive, S (≥ 21 mm); intermediate, I
(16-20 mm) and resistant, R (≤ 15 mm), respectively
according to that described by Vlková et al., 2006 [17].
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observed for 5 days. The Isolate has shown no gas
production this indicates its homofermentative nature
(Table 1). Another criterion for the identification the
isolate was the ability of growth at different
temperatures (Table 2). From the results of 5 days
observation the isolate showed growth at 15-50 °C.
Growth at different NaCl concentrations was observed.
The isolate has the ability to grow at 2-6% NaCl
concentration. Arginine hydrolysis test was another
step to follow the identification procedure. The isolate
which gave the bright orange were accepted that they
can produce ammonia from arginine. The yellow colour
indicated negative arginine hydrolysis. The isolate has
shown -ve for arginine hydrolysis. Hydrolysis of starch
was negative by isolate. The isolate was non motile, non
spore forming. The most useful test for the
determination of strain differences is carbohydrate
fermentation. Twenty one (other than glucose)
different carbohydrates were used for identification.
They gave different fermentation patterns when they
were compared. The patterns are showed in Table 3.

2.7 Antimicrobial Activity Test
Agar well diffusion method [18] was used to determine
the inhibitory capacity of the L. casei against pathogenic
strains such as Pseudomonas aeruginosa, Escherichia
coli, Klebsiella pneumonia, Staphylococcus aureus and
Bacillus subtilis. The isolate and pathogenic strains
were incubated in MRS agar medium at 37°C for 24 to
48 h.
3. RESULT AND DISCUSSION
3.1 Physiological and Biochemical Characterization
The isolate was subjected to Gram’s staining and it was
examined under light microscope. The strain gave bluepurple color with staining; hence it was Gram positive
bacteria. Isolate was tested for catalase activity. It was
catalase negative (do not show catalase activity). To
test the gas production from glucose test tubes were

NaCl-4%

NaCl-6%

NaCl-8%

Nacl-10%

Indole test

Sediment

Entire

Nacl-2%

-ve

VP Test

Starch Hydrolysis

-ve

MR Test

Arginine utilization

-ve

Growth on slants

Spore formation

-ve

+ve

-ve

+
+
+

+
+
+

+

-

-

-ve

Smooth / flat

Gas from glucose

-ve

Growth in broth

Motility

Shape

+ve

rods pairs/
chains

>1

Gram’s staining

Size(mm)

-ve

Margin

Catalase test

CU1

Shape

Isolate No.

1

Circular

Sl. No.

Table 1: Morphological, cultural and physiological characteristics of the isolates.

(+++) Luxurious growth, (++) Moderate growth, (+) less growth, (-) No growth
Table 2: Physiological characteristics of the isolates
Sl.No.

1

Isolate
No.

CU1

Growth at different temperature (0C)

Growth at different pH

15

30

37

45

50

5
5

6
0

2

3

4

5

6

7

8

9

+

++

+++

++

+

-

-

+

+

+

+++

+++

+++

+++

++

(+++) Luxurious growth, (++) Moderate growth, (+) less growth, (-) No growth

Sl. No.

Isolate No.

Fructose

Galactose

Cellobiose

Esculin

Inulin

Rhamnose

Melibiose

Mannitol

Maltose

Mannose

Ribose

Trehalose

Arabinose

Lactose

Sucrose

Xylose

Salicin

Cystein

Sorbitol

Raffinose

Glycerol

Table 3: Biochemical characteristics of the isolates by utilization of carbon sources
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CU1

+

+

-

+

-

-

-

+

+

+

-

+

-

+

+

-

+

-

-

+

-

Positive reaction (+), negative reaction (-)
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120
100

% of Survival

3.2 Resistance to acidic pH
Being resistant to low pH is one of the major selection
criteria for probiotic strains [19-20]. Since, to reach the
small intestine they have to pass through from the
stressful conditions of stomach [21]. Although in the
stomach, pH can be as low as 1.0, in most in vitro assays
pH 3.0 has been preferred. Due to the fact that a
significant decrease in the viability of strains is often
observed at pH 2.0 and below [22]. Sudden decrease in
the survival rate of the isolate has been observed at pH
2. At the third hour the survival rate reduced below 5%.
At pH3 more than 10% survival has been observed
after 3 hours of incubation.
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Fig.2. Bile salt tolerance to by L. casei
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pH2
pH3

40
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1.5 hrs

3.4 Tolerance to Gastric Juice
The degree of gastric juice resistance exhibited by
isolate was determined and results (Figure 3) showed
that >75% of survival has been observed in gastric juice
at pH 3 for 1.5 hours of incubation, whereas at pH2 the
survival rate was >30% for 1.5 hours of incubation. But
at 3 hours of incubation the survival rate at pH 3
reached to <40% and at pH 2 it reached to <10%.

3 hrs

Time
120

% of Survival (cfu)

Fig.1. Acidic pH tolerance by L. casei
3.3 Tolerance against Bile
The isolate was screened for its ability to tolerate the
bile salt. Although the bile concentration of the human
gastrointestinal tract varies, the mean intestinal bile
concentration is believed to be 0.3% w/v and the
staying time is suggested to be 4 h. Strain was screened
for 3 hours in 0.3%, 0.5% and 1.0% of bile salt for its
survival. The cfu values were observed. According to
the results the isolate was resistant to 0.3% and 0.5%
bile salt, whereas sudden fall in the number of survival
organisms has been observed at 1.00% bile. The
survival rate reached to 5% at the end of 3 hours of
incubation at 1.00% of bile.

100
80

pH2

60

pH3
40
20
0
0 hrs

1.5 hrs

3 hrs

Fig.3.Gastric juice tolerance by L. casei
3.5 Tolerance to Intestinal Juice
The isolate was tested for its ability to grow in
intestinal juice. It appears that the strain exhibited
good resistance to intestinal juice at pH 8 for four hours
of growth (Figure 4). Good multiplication of all the
isolates has been found at 6th hour of incubation.
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% of Co-Aggregation
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% of survival

ISSN: - 2349–2724

80
60
40
20

10
8
6
4
2

0
0 hrs

2 hrs

4 hrs

0

6 hrs

A

B

C

D

E

Time
Fig.4. Intestinal juice tolerance by L. casei

% of Aggregation

3.6 Aggregation
On the basis of sedimentation characteristics
aggregation capability of the isolate was tested. L. casei
has exhibited good amount of aggregation during the
test time of 5 hours (Figure 5).

50
45
40
35
30
25
20
15
10
5
0

Fig.6. Co-aggregation by L. casei, A- B. subtilis. BE.coli, C- K. pneumonia, D- P. aeruginosa, E- S.aureus
3.8 Antibiotic Sensitivity test
The determination of antibiotic sensitivity of the isolate
is an important prerequisite prior to considering it safe
for human and animal consumption. The isolate was
subjected to antibiotic susceptibility test. The results
are given in Table 4. The isolate was resistant to most
of the antibiotics used. According to earlier reports,
specific antibiotic resistance traits among probiotic
strains may be desirable [23]. It has been said by many
authors that probiotics should be resistant to certain
antibiotics when used along with antibiotics to prevent
gastrointestinal disorders. Whereas others claim that
antibiotics resistant probiotics used may serve as host
of antibiotic resistance genes, which can be transferred
to pathogenic bacteria.
Table 4: Antibiotic resistance of the isolates
Antibiotics

1hrs

2hrs

3hrs

4hrs

5hrs

Time
Fig.5. Aggregation by L. casei
3.7 Co-aggregation
The co-aggregations of L. casei with five pathogenic
bacteria were examined. Results were expressed as the
percentage reduction after 5 h in the absorbance of a
mixed suspension compared with the individual
suspension. Good co-aggregation of L. casei with S.
aureus has been seen. There was no co-aggregation
between L. casei and B. subtilis. 2-6% of co-aggregation
has been seen with E. coli, K. pneumonia and P.
aeruginosa (Figure 6).
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Lactobacillus casei

Ampicillin

R

Chloramphenicol

S

Erythromycin

S

Gentamycin

R

Kananamycin

R

Lincomycin

S

Nalidixic acid

S

Neomycin

R

Norfloxacin

S

Penicillin

S

Streptomycin

I

Tetracycline

R
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Vancomycin

R

S-Sensitive, R-Resistance, I-Intermediate
3.9 Antimicrobial Activity Test
Antimicrobial activity helps to select the potential
probiotics strains. Antimicrobial activity usually targets
the intestinal pathogens. The isolate was examined for
antibacterial activity. L. casei was grown with indicator
microorganisms, Pseudomonas aeruginosa, Escherichia
coli, Klebsiella pneumonia, Staphylococcus aureus and
Bacillus subtilis. The antibacterial effect on the
indicator microorganisms was determined by diameter
of inhibition zones. Lactobacilli casei has a high ability
to inhibit the growth of pathogenic microorganisms.
The degree of inhibition was highest in S. aureus,
whereas the inhibition was moderate in E. coli, K.
pneumonia and P. aeruginosa. The isolate could not
inhibit the growth of spore forming B. subtilis.
Table 5: Antimicrobial activity of the isolates
Strain
B. subtilis

Lactobacillus casei

2.

3.

4.

-

E.coli

++

Klebsiella pneumonia

++

P. aeruginosa

++

Staphylococcus aureus

+++

5.

6.

Degree of inhibition: + = Moderate inhibition zone (6-9
mm); ++ = Strong inhibition zone (10-14mm) +++ =
Very strong inhibition zone (15-18mm); - = No
inhibition zone
7.

4. CONCLUSION
Lactobacillus casei has shown good survival in acidic
pH, different bile concentrations, gastric juice and
intestinal juice. The organism exhibited good survival
in the presence of different antibiotics. The isolate is
also able to inhibit the growth of different pathogenic
microorganisms examined. All these characteristics of
the organism will help it to survive in the stomach and
proliferate in the intestine. This will help strains to
reach the small intestine and colon and contributing to
the balance of intestinal microflora.
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