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ABSTRACT

This study aimed to compare biochemical vs. molecular methods for identification of Lactic Acid Bacteria (LAB) isolated from camel milk.
Ten strains among 62 LAB isolates were chosen for identification using API5S0CHL and 16S rDNA sequencing. Only Gram-positive and
catalase-negative isolates were considered. Citrate utilization, in the presence of carbohydrates, was studied. These strains were tested
from the growth in NaCl (4, 6.5%), growth at different temperature (10-45°C) and growth at different pH values (4.2, 9.6). Results
indicated that ten (10) strains were identified as: Lactococcus lactis, Lactobacillus pentosus, Lactobacillus plantarum, Lactobacillus brevis
and Pediococcus pentosaceus by using biochemical method. However by molecular methods, all strains were identified as Enterococcus
faecium. It was, thereby, concluded that each technique had its limitations but the molecular analysis is the most reliable.
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INTRODUCTION

In arid regions, camel milk is considered as one of the
most important soutrce of dairy products for human diet
with potential therapeutic effects. Recent studies showed
that camel milk is a natural source for probiotics (Al-Otaibi
et al., 2013). The dominant and beneficial microflora
in camel milk represented by LAB is a potential source
of biological materials to be used in dairy technology
(Khedid etal., 2009). LAB strains are characterized by their
ability to transform lactose, to improve the digestibility
(Weinberg et al., 2007) and to preserve fermented dairy
products (Abdelbasset and Djamila, 2008). They were
also employed for improvement of the taste, texture and
viscosity in the manufacture of dairy products (Soukoulis
etal., 2007). Health promoting properties of probiotic LAB
(Temmerman et al., 2002; Kalliomiki et al., 2001) render
this group of microorganisms’ essential importance in
dairy industry which gives added values for dairy product.

Studies are continually being conducted to identify and
characterize new LAB with this usage potential (Perin etal.,
2014; Fguiri et al., 2015). Because many LAB have similar

nutritional and growth requirements, biochemical-based
methodologies for identification might not be conclusive
in many cases. The conventional microbiological methods
for bacterial identification are based on morphological
and physiological characteristics such as Gram staining,
cell shape, spore formation, enzyme production and the
fermentation of different carbohydrates (Moraes et al.,
2013). Phenotypic identification and biochemical tests have
been considered for along time the conventional procedure
for routine identification of bacteria. Several methods have
been developed in the last few years and many commercial
multi-test kits such as the analytical profile index (API) test
kits are widely used.

Recently, new molecular tools have been applied for the
routine identification of microbes, and had led to an
increase in the number of identified bacteria (Gevers and
Coenye, 2007; Liu and Stahl, 2007; Bittar and Rolain, 2010).
Most of the advance molecular methods are based on 16S
ribosomal DNA sequences, complete or partial genomes
(Ben Amour et al., 2007). Although molecular approaches
remain the standard techniques for bacterial identification
that have been proved to be very sensitive, they have some
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limitations. The limits of these advanced techniques has
been questioned due to the extent of their database, the
need for complex procedures, trained personnel, specialized
and expensive, equipment.

Considering the available techniques for identifying LAB,
the objective of this study was to compare molecular
and phenotypic methods for identifying LAB isolates:
API50CHL and 16S rDNA sequencing,

MATERIAL AND METHODS

Sampling

Milk samples were collected from camels (Camelus
dromadarins) belonging to the herd of the Arid lands
Institute IRA Medenine). The samples were immediately
cooled (4°C) and brought to the laboratory in an isotherm
containers and were analyzed immediately thereafter.

Bacterial isolation and characterization

LAB were isolated on Man-Rogosa-Sharp (MRS)
(Pronadisa, Madrid, Spain) agar and incubated at 30°C
for 24 to 48 h in order to apply the conventional tests
for identification (Nguyen et al., 2007; Kopermsub and
Yunchalard, 2010). All isolates were initially examined
for Gram staining and catalase production. Only Gram-
positive and catalase-negative isolates were considered.
Citrate utilization, in the presence of carbohydrates, was
studied on Simmons citrate medium (Fluka Biochemica).
The presence of a blue coloration (even only locally on
the surface) indicated a positive reaction. These strains
were tested from the growth in NaCl (4, 6.5%), growth at
different temperature (10-45°C) and growth at different
pH values (4.2, 9.6).

Biochemical methods

Fermentation of carbohydrates was determined using
API 50 CHL, a standardized system, consisting of 50
biochemical tests for the study of carbohydrate metabolism
by microorganisms. API 50 CH was used in conjunction
with API 50 CHL medium for the identification of
Lactobacillus and related genera strips according to the
manufacturer’s instructions (Biomerieux, Marcy I’Etoile,
France) (Ghanbari et al., 2009). Briefly, 10 ml of pure water
was dispensed with the strip placed in the incubation box,
after the bacterial cultures had been introduced into the API
50 CHL system in API 50 CHL medium (5 ml). The set-up
system was then incubated at appropriate temperature of
30°C for 24 and 48 h, after the wells were filled with the
bacterial suspensions by the line mark with the addition
of paraffin oil. Identification tables were prepared as (+/-)
according to colour change in evaluation of results of API
strips reaction. Numerical profiles of strains were identified
adding positive values in indicative table. The API LAB
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PLUS database (Bio Merieux, France) was used for the
interpretation of the results.

Molecular method

The genomic DNA of ten strains was extracted using
the DNA extraction and purification kit according to the
manufacturer instructions (Fermentas, UK). The PCR
reaction mixture contained 0.5 pL. of template DNA,
2.5 pL. of reverse primer (10 mM), 2.5 pL. of forward
primer (10 mM), 2 pL of ANTP (25 mM), 4 pL of
MgCI2 (25 mM), 5 pL. of PCR buffer (10X) and 1 pL Taq
polymerase, in a 50 uL final volume. The primers sequences
used were S1 (S’AGAGTTTGATC (A,C) TGGCTCAG 3))
et 82 (5 GG (A,C) TACCTTGTTACGA (T,C) TTC 3)
for an 400 bp expected product size. The cycling program
was 94 °C for 3 min, 29 cycles at 94 °C for 40 sec, 55 °C for
50 sec and 72 °C for 2 min. Sequencing of PCR product
was made by the sequencing facility offered by Eurofins
(Germany). The obtained nucleotide sequences, displayed
by BioEdit software, were analyzed using the blast tool of
the NCBI site in order to research identity percentages with
the sequences present in databases (http://blast.ncbi.nlm.
nih.gov/Blast.cgi).

RESULTS AND DISCUSSION

Isolation of lactic acid bacteria

A total of 62 strains were isolated from MRS agar. All of
them grew at 37 °C under anaerobic conditions, were Gram
positive, non-motile and catalase negative as preliminary
characteristics. Only 29 of them were citrate positive. In
microscopy, the cells had different shapes coccobacilli,
cocci and bacilli, forming small chains of varying length,
pairs or in clusters and were immobile. Only 10 strains were
subjected to identification with biochemical and molecular
methods. The ten strains encoded SCC1-2, SCC1-6,SCC1-7,
SCC1-8, SCC1-13, SCC1-15, SCC1-24, SCC1-33, SLch6
and SLch14 are characterized by their ability to grow at
different temperatures (10, 39 and 45 °C) at different salt
concentrations (4, 6.5) while growth of these strains at 8%
of salts concentration were not observed. All strains grew
only at pH = 9.6 (Table 1). The strains of Gram-positive
coccl form grouped in pairs or small chains represent the
Lactococcus or Enferococcus. Furthermore, the distinction
between the two kinds of Enterococcus and Lactococens were
affected upon growth tests at varying temperatures and at
different concentrations of salts (4%, 8% and 6.5% NaCl).
Indeed, enterococci grew at 45 °C and tolerate salinity 6.5%
and a pH of 9.6, while /actococe; did not grew under these
conditions (Axelsson et al., 1998).

Biochemical identification of lactic strains
Ten strains chosen according to the difference in cell
morphology were identified using API galleries. Regarding
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Table 1: Fermentation profiles of lactic acid bacteria isolated from camel milk

Strains SLC,, ScC,, SLC,,.. SCC, ,; SCC, ., SCC,,, ScC,,, SCC, ScC,, SccC,,
Glycerol + - w w + w - w w +
L-Sorbose - - - - w - - - - -
D-Sorbitol - - - - - + - + - -
Amygdaline - + + w w + - + - -
Esculin + + w w + + w w + w
D-Melezotse - - - - - - - + - w
Amidon - w + w + - w - w w
Identification L. lactis ssp Lb L. lactis ssp L lactis ssp L.lactis ssp Lb L. lactis Pediococcus Lb Lb brevis
lactis1 plantarum lactis1 lactis1 lactis1 pentosus ssp lactis1 pentosaceus plantarum

+: Positive, w: Weakly positive, -: Negative after 48 h of incubation at 37°C. All strains fermented : L-Arabinose, D-Ribose, D-Xylose, D-Galactose, D-Glucose,
D-Fructose, D-Mannose, N-AcetylGlucosamine, Arbutine, Salicine, D-Celibiose, D-Maltose, D-Lactose, D-Melibiose, D-Saccharose, D-Trehalose, D-Tagatose,
Non fermented: Xylitol, Glycogene, Inuline, Methyl-aD-Mannopyranoside, Methyl-aD-Glucopyranoside, Inositol, Dulcitol, Methyl-BD-Xylopyranside, D-Adonitol,

L-Xylose, Erythirol, D-Arabinose

the carbohydrates fermentations the strains were divided
in two groups (Table 2). The first ones dominated by
regular rods (SCC18, SCC17, SCC115, SCC12) which
fermented mostly Amygdaline, Sorbitol, Esculine and
Glycerol, were tentatively identified as Lb. plantarum, Lb.
pentosus and Lb. brevis. The second group was coccoid in
shape (SL.Cch14, SLCch6, SCC113, SCC133, and SCC12).
They fermented mostly, glycerol, esculine, amygdaline and
amidon. They were tentatively identified as L. LactisT and
Pediococcus pentosacens. Earlier studies reported the presence
of the Lactobacillus plantarum and lactobacillus brevis in
Sudanese fermented camel milk (Ashmaig et al., 2009). Sun
etal. (2010) isolated the Lactobacillus plantarum and Lactococens
lactis from traditional fermented milk in Mongolia.

Molecular phylogeny of the selected isolates

The selected strains (10 strains) were identified by partial
sequencing of the gene coding for the 16S rRNA. The
phylogenetic relationship of the experimental sequence
and its close relatives were analyzed through the facilities
of the Ribosomal Database Project (http://rdp.cme.
msu.edu/). All the isolates were identified as Ewnferecoccus
Jfaecium (Table 2). E. faecium was previously isolated from
Egyptian camel milk (Hamed and Elaatar, 2013) and
from Azerbaijani Motal cheese (Ahmadova et al., 2013;
Akhmetsadykova et al., 2014). Enterococcz, components
of the human gastro-intestinal microbiota (Huycke et al.,
1998), are very widespread in various raw food systems
especially of animal origin (Haji-Sfaxi etal., 2011). They can
be frequently associated to fermented foods (Franz et al.,
2003) including cheeses and fermented milk (Foulquié-
Morteno et al., 20006).

Comparison of APl with sequencing of 16S rDNA gene
The different methods of evaluation provided different
patterns of genera and species identification for the LAB
isolates (Table 2). Regarding the results by sequencing
of 16S rDNA gene, the only specie identified was
Enterococcus faecinm, whereas APISOCHL mostly identified
Lactobacillus spp., Lactococcus, Pediococcus. These results were
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Table 2: Comparison between bichemical and molecular
techniques of identification of LAB

Strains API 50CH Sequencing of 16S rDNA gene
SCC1-2 Lactobacillus brevis Enterococcus faecium JN5609
SCC1-6 Pediococcus pentosaceus Enterococcus faecium KF1493
SCC1-7 Lactobacillus plantarum  Enterococcus faecium JX8476
SCC1-8 Lactobacillus plantarum  Enterococcus faecium JQ7265

SCC1-13 Lactococcus lactis ssp Enterococcus faecium EU8781

lactis1
SCC1-15 Lactobacillus pentosus
SCC1-24 Lactococcus lactis ssp
lactis1
SCC1-33 Lactococcus lactis ssp
lactis1
Lactococcus lactis ssp
lactis1
Lactococcus lactis ssp
lactis1

Enterococcus faecium KC4227
Enterococcus faecium JN5609

Enterococcus faecium JN5608
SLché Enterococcus faecium HM1624

SLch14 Enterococcus faecium AY5877

similar to finding of Moreas et al. (2013). Differences
between sequencing and phenotypic tests have already
been observed previously, not just for LAB but also for
many other bacteria (Aymerich et al., 2003; Velasco et
al., 2004; Gomes et al., 2008). Despite being the most
reliable test, sequencing has some disadvantages. Because
it is so conserved, in somecases the 16S rDNA gene
is not sufficient for differentiating between species of
LAB, especially Enferococcus spp. (Aymerich et al., 2003;
Mohania et al., 2008). Considering the difficulties in
differentiating between some LAB species with 168
rDNA sequencing and phenotypic tests, the application
of specific molecular techniques such as species-specific
PCR is necessary. For example, the identification
of Enterococcus spp. is based on the detection of the
d-alanine-ligase enzyme, antibiotic resistance and specific
regions (Dutka-Malen et al., 1995). Species specific
PCR is also useful for identifying microorganisms at
subspecies level, which cannot be easily achieved with
other common techniques (Beimfohr et al., 1997).
Another disadvantage is the time required to obtain the
sequencing results, which is considerably higher than the
time needed to obtain phenotypic test results.
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CONCLUSION

In conclusion, the choice of identification method must
be carefully analyzed. Some factors must be considered,
the number of isolates to be identified, and staff
qualifications. A phenotypic test could be used as a trial
test, but the molecular methods are more accurate and
should be used as confirmatory tests for hard to-identify
isolates. Considering that most of the LAB isolation
and identification studies aim to detect potential bio-
preservative isolates from food, the molecular approach
is probably the most sensitive.
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