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ABSTRACT

Lactic acid bacteria (LAB) are known to possess probiotic potential and play a significant role to combat intestinal
pathogens. The objective of the present investigation was to isolate, characterize and screen lactobacilli associated with
camel milk for probiotic properties such as antibacterial activity, bile tolerance and antibiotic resistance. Among various
isolates screened Lactobacillus fermentum CM36 showed remarkable antibacterial activity against B.cereus, B.subtilis, and
E.coli in supernatant even after neutralization and protease treatment confirming bacteriocin activity. L. fermentum CM36
tolerated oxgall up to 0.4% (w/v) and showed resistance to various antibiotics used in the study. L. fermentum CM36
showed potential for antibacterial and thus, bile tolerance and may be further explored for its benefits towards animal and

human health.
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LAB are widely used for the production of fermented
foods and are considered as GRAS (generally
recognized as safe) organisms. They are common
inhabitants of gastrointestinal tract (GI) inanimals and
human beings. They produce organic acids such as
lactic acid as a major by product and are prominently
present in milk and fermented milk products (whey,
yogurt, cheese etc). Lactic acid bacteria, particularly
those belonging to beneficial and non-pathogenic
genera  (Lactobacillus,  Lactococcus,  Pediococcus,
Streptococcus, and Leuconostoc) are widely used in food
industry asbiopreservative agents (Arokiyamary et al.
2011). Lactobacilli are characterized by the formation
of lactic acid as main end product of carbohydrate
metabolism. Lactobacilli are well known probiotic
organisms and have been found to produce metabolic
products that play an important role in controlling
undesirable microflora in the gut. They prevent
the proliferation of pathogenic bacteria in different

ecosystems by production of various antimicrobial
substances such as organic acids (lactic acid, acetic
acid etc), hydrogen peroxide and bacteriocins (Jin
et al. 1996). Bile tolerance and antibiotic resistance
are crucial properties of lactobacilli which enable
them to survive and perform their probiotic action
in gastrointestinal tract. In present study, camel milk
isolates were screened for their antibacterial activity.
Bacteriocin producing probiotic properties such as
antibacterial activity, bile tolerance and antibiotic
resistance of lactobacilli were also studied and
reported here.

MATERIALS AND METHODS

Collection of samples

Camel milk samples were collected from various
regions (Teetardi, Jhadol, Thal and Dabok) of
Udaipur, Rajasthan, India.
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Isolation

Lactobacilli were isolated on MRS agar using standard
pour plate method. The plates were incubated at
37°C +/- for 24 h.

Antibacterial Activity

The antibacterial activity was determined using well
diffusion method as described by Ogunbanwo et al.
(2003) against two gram-positive bacteria namely
Bacillus subtilis and Bacillus cereus and a Gram-
negative bacterium E. coli. The antibacterial activity
was determined in cell free supernatants without
neutralization and supernatant neutralized with
1IN NaOH. Antibacterial activity due to bacteriocin
production was determined by adding 20mg/ml
protease to the cell free supernatant neutralized with
IN NaOH. The diameter of the zone of inhibition
extending laterally around the well was measured
with the scale.

Characterization of isolates

Theisolates were characterized on the basis of cultural,
morphological, biochemical and molecular analysis.
Cultural characterization was based on the colony
characteristics and the morphology was studied
by Gram staining. Biochemical characterization
was based on catalase reaction, growth on MRS
supplemented with bromocresol purple (BCP), nitrate
reduction, arginine hydrolysis, esculin hydrolysis,
carbohydrate fermentation pattern using maltose,
fructose, lactose, raffinose, mellibiose, galactose,
mannose, sucrose and rhamnose.

The genomic DNA was extracted by Pospeich and
Neumann’s method (1995). Isolates were subjected to
PCR using semi-universal Lactobacillus genus specific
primer Lbl (5- AGAGTTTGATCATGGCTCAG-3’)
and Lb2 (5-CGGTATTAGCATCTGTTTCC-3’) based
on variable loop of 165 rDNA sequence designed
by Klijn et al. (1991). For sequencing, the amplified
products were sent to SciGenome Labs Pvt Ltd. The
partially sequenced data obtained were analyzed by
BLAST and submitted to EMBL-EBI database.

Bile tolerance

The bile tolerance of isolates was studied according
to the method suggested by Sirilun et al. (2010). MRS
agar medium supplemented with oxgall at different
concentrations such as 0.1, 0.2, 0.3, 0.4 and 0.5% were
used. The plates were streaked and incubated at 37°C.

Antibiotic resistance

The antibiotic resistance of lactobacilli was
evaluated using disc diffusion method (Bauer et
al. 1966). The antibiotic discs (Himedia) used were
of cefixime (5mcg/disc), amikacine (30mcg/disc),
polymyxin (300unit/disc), kanamycin (30mcg/disc),
trimethoprim (5mcg/disc), gentamycin (30mcg/disc),
tetracycline (30mcg/disc), ampicillin (10mcg/disc),
vancomycin (30mcg/disc) and ciprofloxacin (5mceg/
disc). The plates were incubated at 37°C for 24 h and
diameter of the inhibition zone was measured with
a scale.

RESULTS AND DISCUSSION

Sampling: A total of 4 camel milk samples were
collected from various regions (Teetardi, Jhadol,
Thal, and Dabok) of Udaipur district. A total of 47
lactobacilli isolates were recovered on MRS agar
using pour plate method.

Antibacterial Screening: A total of 22 out of 47
lactobacilli isolates showed antibacterial activity in
cell free supernatants without neutralization against
all the three test organisms namely B.cereus, B.subtilis,
and E.coli. These 22 lactobacilli isolates were further
tested for antibacterial activity using supernatant
neutralized with 1IN NaOH. A total of 5 lactobacilli
isolates namely (isolates CM10, CM18, CM25, CM36
and CM44) out of 22 showed antibacterial activity
against all the 3 test organisms. The neutralized
cell free supernatants of these 5 lactobacilli isolates
were subjected to enzyme treatment (protease) and
were tested for bacteriocin activity against three
bacteria. The zone of inhibition disappeared in only
two isolates (namely CM36 and CM44), indicating
bacteriocin activity of the isolates. Isolate CM44 was
found to be cocci and Gram-negative. Isolate CM36

76



Assessment of Probiotic Properties of Lactobacillus fermentum CM 36 Isolated from Camel Milk Jw

(a)

(b)
Fig. 1: Antibacterial activity of Lactobacillus fermentum CM36 against (a) Bacillus subtilis (b) Escherichia coli

A = Supernatant without neutralization; B = Supernatant neutralization with IN NaOH, C = Neutralized supernatant treated with protease.

was found to be gram- positive and rod shaped. The
colonies of the isolate CM36 appeared as pin pointed,
white, with entire margin and convex elevation.
Antibacterial activity of isolate CM36 is shown in
Table 1 and Fig. 1.

Table 1: Antibacterial activity of Lactobacillus fermentum
CM36 without, with neutralization and after enzyme treatment
(protease) against indicator organisms

Test Diameter of inhibition zone (mm)

organism Syupernatant Supernatant Neutralized
without with NaOH supernatant
NaOH with Protease

E. coli 18 13 NZ

B. cereus 13 12 Nz

B. subtilis 16 13 NZ

NZ= no zone of inhibition.

Characterization of isolates: Isolate CM36 was
further characterized using biochemical tests and
16S rRNA partial gene sequencing. The isolate was
found to be negative for catalase activity. Isolate
CM36 showed yellow colored colonies on BCP-MRS
medium. Isolate CM36 was unable to reduced nitrate
and hydrolyze esculin. Isolate CM36 showed positive
result for arginine hydrolysis. Isolate CM36 showed
varied response for carbohydrate fermentation
reaction, positive fermentation reaction was observed
for maltose, fructose, lactose, raffinose, mellibiose

and galactose. Negative reaction was observed for
manose, sucrose and rhamnose.

The genomic DNA of the isolate was extracted by
Pospeich and Neumann’s method and was amplified
by PCR using semi universal primers (Lb1 and Lb2).
Isolate CM36 gave approximately 200bp product
which was sequenced. The sequenced data obtained
was analyzed by BLAST and was submitted to EMBL
gene data base under the accession no. LTZ95042.
Phylogenetic relationship was studied and tree was
drawn using NCBI-BLAST neighbor-joining method,
relationship between strain L.fermentum CM36 and
other known sequences of L.fermentum is presented
in Fig. 2.

Lactobacillus fermentum strain LT795042 partial 165 rRNA gene
L illus fermentum strain NWAFU1330 168 ribosomal RNA gene, partial seque...
Lactobacillus fermentum culture-collection IMAU:80609 16S ribosomal RNA gene, ...
Lactobacillus fermentum culture-collection IMAU:80607 168 ribosomal RNA gene, ...

Lactobacillus fermentum strain IMAU20087 168 ribosomal RNA gene, partial sequencs
Lactobacillus fermentum strain IMAU60076 16S ribosomal RNA gene, partial sequenc:
Lactobacillus fermentum strain IMAU20079 168 ribosomal RNA gene, partial sequenc:

iLacmhacillna fermentum gene for 16S rRNA, partial sequnce, strain: B15

illus fermentum gene for 163 rRNA, partial sequnce, strain: B27

Lactobacillus sp. KLDS 10711 16S ribosomal RNA gene, partial sequence

0.001

firmicutes | 90 leaves

%Lmobacmm fermentum strain KLDS 1.0613 168 ribosomal RNA gene, partial seque...

Fig. 2: Phylogenetic tree of L.fermentum CM36 based on
16S rRNA sequencing

Bile tolerance: Lactobacillus fermentum CM36 showed
varied degree of growth in MRS agar supplemented
with different concentrations of oxgall (0.1, 0.2, 0.3,
0.4 and 0.5%). The isolate tolerated three different
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concentrations (0.1, 0.2 and 0.3%) of oxgall, as it
showed maximum growth at all three concentration
after 72h of incubation. The isolate also tolerated 0.4%
of oxgall and showed comparatively less growth after
72h of incubation. Isolate was unable to tolerate 0.5%
of oxgall and no growth appeared even after 72h
of incubation. Data representing the tolerance of L.
fermentum CM36 to different concentration of oxgall
is shown in Table 2.

Table 2: Bile tolerance of Lactobacillus fermentum CM36

Growth of Lactobacillus
fermentum CM36

Incubation period

Sl Concentration of
No.  oxgall (%)

24h 48h 72h
1 0.1 + ++ ++
2 0.2 + ++ ++
3 0.3 + ++ ++
4 0.4 - - +
5 0.5 - - -

+ = less growth; ++= maximum growth; - = No growth.

Table 3: Antibiotic resistance pattern of Lactobacillus
fermentum CM36 against various antibiotics

SI.  Antibiotics Lactobacillus fermentum

No. CM36

1 Cefixime (5meg/disc) Resistant
2 Amikacine (30mcg/disc)  Resistant
3 Polymyxin (300units/disc) Resistant
4 Kanamycin (30mcg/disc) ~ Sensitive
5 Trimethoprim (5mcg/disc) Resistant
6 Gentamycin (30mcg/disc)  Sensitive
7 Tetracycline (30mcg/disc)  Sensitive
8 Ampicillin (10mcg/disc) Sensitive
9 Vancomycin (30mcg/disc) Resistant
10  Ciprofloxacin (5mcg/disc) Resistant

Antibiotic resistance pattern: Antibiotic resistance
pattern of L. fermentum CM36 was evaluated
against 10 different antibiotics. The isolate showed
resistance to six antibiotics (namely ciprofloxacin,
cefixime, polymyxin, trimethoprim, vancomycin and
amikacine) and was found sensitive to four antibiotics

(namely kanamycin, gentamycin, tetracycline and
ampicillin).

The antibacterial activity of lactic acid bacteria has
been widely studied and documented (Niel et al.
2002). In the present study, the Lactobacillus fermentum
CM36 obtained from camel milk showed remarkable
antibacterial activity (both in cell free supernatant
with and without neutralization) against pathogenic
bacteria. Abdelbasset and Djamila (2008) who studied
antibacterial activity of lactic acid bacteria proposed
that lactobacilli produces organic acids (such as lactic
acids, acetic acids etc), hydrogen peroxides, diacetyls
and bacteriocins during the process of fermentation
and also concluded that the antimicrobial compounds
produced by lactobacilli were fully or partially
inactivated after the treatment of proteolyticenzymes,
indicating proteinaceous nature. This may be the
probable reason of antibacterial activity (without
neutralization and with neutralization) observed due
to bacteriocin production in the present study.

One of the important aspects of probiotic properties is
the potential of the organism to resist the effect of bile
salts to survive in small intestine. The normal level of
bile salt in the intestine is around 0.3% (Mourad and
Eddine, 2006). L.fermentum CM36 showed resistance
to bile salt upto the concentration of 0.4% of oxgall.
Halder and Mandal (2015) reported that L.fermentum
and L.casei isolated from curd showed tolerance
to bile salts (0.1 to 0.3% w/v) so, in this regards the
results in present study is better as L.fermentum CM36
showed growth in MRS supplemented with 0.4%
oxgall after 72h of incubation.

Another important probiotic property is antibiotic
resistance to a broad spectrum of antibiotics so that
lactobacilli can remain viable in gut and impart
benefits to its host. Lactobacillus fermentum CM36
showed high resistance towards glycopeptides
(such as vancomycin) and quinolones (such as
ciprofloxacin, ofloxacin etc). Nawaz et al. (2011)
reported high resistance towards glycopeptides
and quinolones by lactobacilli and suggested the
presence of intrinsic resistance mechanism against
both the families. The results of the present study
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are in agreement with the report of Nawaz et al.
(2011). Various reports supported the resistance of
lactobacilli from milk products regarding resistance
to aminoglycosides (Ammor et al. 2007; Klare et al.
2007 and Nawaz et al. 2011). Lactobacillus species
show sensitivity to cell wall synthesis inhibitors like
ampicillin, these finding support the sensitivity of
L.fermentum CM36 to ampicilin. These result are in
agreement with the studies conducted by Coppla et
al. (2005) and Khandelwal et al. (2014).

CONCLUSION

Lactobacillus fermentum CM36 showed remarkable
antibacterial activity, bile tolerance and antibiotic
resistance. The strain can play an important role as
a probiotic supplement and starter culture for the
production of fermented food products.
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