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Streptococcus thermophilus isolates from traditional butter ‘Smen’, a fermented product from cow’s
and ewe’s milk in arid area was subjected to taxonomical investigations. The identification procedure
included phenotypic approaches, molecular characterization by using genus polymerase chain reaction
(PCR) amplifications for sodA gene encoding the manganese-dependant superoxide dismutase A, and
species-specific primers from gene encoding glucose kinase (g/cK), gene encoding DNA polymerase Il
(dnaE) and gene encoding threonyl-tRNA synthetase (thrS) housekeeping genes in order to distinguish
among reference, and wild strains of S. thermophilus and for their differentiation from Enterococcus
spp. A total of 12 strains were tested by DNA identification analysis and these indigenous isolates were
unambiguously characterised by their housekeeping gene profiles. Finally, four genotypes were
recognised. To our knowledge, this is the first report on the isolation and molecular characterization of
S. thermophilus strains from fermented milk transformed into home-production butter provided from
Southern West Algeria. These results are of particular interest as they favour the selection of future
cultures starters as S. thermophilus from traditional dairy products. It is, therefore, of great importance
to preserve the genetic pool of the wild strains.
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INTRODUCTION

The microbial composition of traditional dairy products
and, particularly, of European artisanal cow’s and ewe’s
fermented milk and cheeses, have been subjected to
microbiological investigation at genus and species level
(Tornadjio et al., 1995; Cogan et al., 1997; Mannu et al.,
2000; Mannu and Paba, 2002; Alegria et al.,, 2009;
Secchi et al., 2011). Many indigenous fermented foods
from Algeria are based on lactic fermentation from cow’s
and ewe’s milk (Bensalah et al., 2009). Among these,

*Corresponding author. E-mail: bensalahfarid@yahoo.fr.

Abbreviation: PCR, Polymerase chain reaction; glcK, gene
encoding glucose kinase; dnaE, gene encoding DNA
polymerase llI; thrS, gene encoding threonyl-tRNA synthetase.

‘Smen’ is a traditional butter, which, so far has not been
investigated for microbiological genotypic strains
characterization. The nature of this fermented product is
different from one region to another and depends on the
local indigenous microflora; which in turn reflects the
climatic conditions of the area. However, there is very
little information on strain composition within species, and
on the specific contribution of each wild strain to the lactic
fermentation. Moreover, the study of strain heterogeneity
in African traditional butter (El-Baradei et al., 2008; Ongol
and Asano, 2009), and cheese starters is believed to be
of great importance to the dairy industry (Girrafa et al.,
1998).

Fermented milk ‘leben’ or 'rayeb’ (Elotmani et al., 2002;
Hegazi, 1988; Bensalah et al., 2009) can be eaten fresh
or suffers a churning and creaming in goatskin called
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‘Chekoua’. Skimming is usually done in the morning;
gourd is half filled with milk fermented, then strained by
swelling, and then the ‘Chekoua’ is tied and shaken
vigorously for half an hour. The formation of fat globules
is considered by the sound change that occurs within the
skin. To assist the agglomeration of particles of butter,
water is usually added, hot or cold depending on the
temperature of milk. The fresh butter is removed
manually in a single lump called ‘Zebda’ which is trans-
formed into ‘Smen’ by washing with salt water. ‘Smen’
has a very strong smell, easily recognizable during
ripening. Implication of Streptococcus thermophilus in
Egyptian artisanal butter ‘zabady’ was reported recently
(El-Baradei et al., 2008). This strain is an essential micro-
organism in the manufacture of many types of fermented
dairy products, occurring in natural as well as commercial
starter cultures (Coppola et al., 1998; Delorme, 2008),
and the increasing number of commercial strains
available used as starters requires rapid and reliable
methods to accurately differentiate strains at both species
and strain levels in pure and mixed cultures in order to
protect patent rights and eliminate risks of use confusion
(Ramos and Harlander, 1990; Moschetti et al., 1998).
Enterococcus strains can harbour specific biochemical
traits that are essential in the manufacture of various
fermented milk products, and some strains are
technologically exploited as functional starters or
probiotics (Giraffa et al., 1997; Franz et al.,, 1999;
Bensalah et al., 2006). Enterococci has also been
implicated in the spoilage of processed meats (Franz and
Holy, 1996) and include strains that have been recog-
nized as emerging human pathogens mostly in
nosocomial urinary tract infections and bacteremias
(Giraffa et al., 2000; Martinez and Baquero, 2002).

In the last few years, the development of new methods
involving various DNA-based typing techniques (Farber,
1996), widely used in epidemiological studies for the
identification of medically important bacterial strains
(Kuhn et al., 1995; Descheemaeker et al., 1997), has
opened up new perspectives for typing strains from raw
milk and from traditional cheeses (Bouton et al., 1998;
Desmasures et al., 1998). It was previously reported that
a genus-specific PCR assay based on the use of
degenerate primers enabled amplification of an internal
fragment representing approximately 85% of the sodA
gene encoding a manganese-dependent superoxide
dismutase (Mn-SOD) in various gram-positive bacteria
including genera of Streptococcus (Poyart et al., 1998)
and Enterococcus (Poyart et al., 1995). The sodA gene
has been identified as a target for the identification of
mycobacteria (Zolg and Philippi-Schulz, 1994) and
staphylococci at the species level by PCR (Poyart et al.,
2001). Another Streptococcus species-specific, PCR-
based identification method was reported recently that
utilises the housekeeping gene encoding glucose kinase
(glcK), gene encoding DNA polymerase Il (dnaE) and
gene encoding threonyl-tRNA synthetase (thrS) (Delorme
et al., 2007), and the oligonucleotide primers from the

intergenic sequences 16S-23S rRNA (Tissala-Timisjarvi
and Alatossava, 1997).

Moreover, since little is known about the involvement of
thermophilic cocci with Algerian artisanal foods, this study
was aimed at characterizing phenotypically and geno-
typically, the streptococci associated with the traditional
fermented cow’'s and ewe’s raw milk transformed into
home-production butter provided from southern west
Algeria. We applied the developed methodology of genus
and species-specific primers from sodA, glcK, dnaE and
thrS housekeeping genes in order to distinguish among
reference, and wild strains of S. thermophilus and for
their differentiation from Enterococcus spp.

MATERIALS AND METHODS
Sampling and bacterial strains

Six samples of cow's and ewe’s traditional butter ‘Smen’ were
obtained from individual households in rural arid area. Samples
were collected in sterile small bottles and stored in Laboratoire de
Génétique Microbienne, Es-Sénia, Algeria (LGM) under
refrigeration at 4°C until use. Reference strains representing four
Gram-positive species were used in this study and were provided
from INRA collection (Jouy-En-Josas, France). These included S.
thermophilus  CNRZ 1066, Enterococcus faecalis JH2-2,
Enterococcus faecium 64/3 and Corynebacterium glutamicum
ATCC 13032.

Isolation and phenotypic characterization of selected isolates

Serials dilutions of homogenized 10 g of ‘Smen’ samples in 90 ml
sterile solution saline 0.85% NaCl were used for microbial isolation
with M17 agar (Terzaghi and Sandine, 1975) containing 1% lactose
(LM17). Plates were incubated anaerobically at 37, 45 or 50°C for
48 to 72 h for isolation of thermophilic streptococci. Identification
was carried out according to previously published characterization
schemes (Devriese et al., 1993; Moschetti et al., 1998; Muller et al.,
2001; Michaylova et al., 2007). Gram staining, catalase activity,
ammonia production from arginine and gas production from glucose
were determined. Tests for growth on Slanetz-Bartley (SB) medium,
in M17 broth at 10°C, pH value adjusted to 9.6 and with NaCl 6.5%
were performed for all the isolates. Colonies morphology were
determined for overnight cultures by using phase-contrast
microscopy and all isolates were stored in liquid cultures with 15%
glycerol at -80°C.

Oligonucleotides

The first preliminary phenotypic investigation was followed by using
the nucleotide sequences of internal fragment with PCR
identification analysis. Streptococcus /Enterococcus genus-specific
primers sodAd1/sodAd2 (encoding superoxide dismutase) as
previously described (Poyart et al., 1998, 2000) and housekeeping
genes of Streptococcus species-specific primers from glcK, dnakE
and thrS, (Delorme et al., 2007) were used in this study.

DNA template preparation

Template DNA was prepared by a modification of the method of



Table 1. PCR primers.
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Primer Sequence

Product size (bp)

sodAd1 (universel-F)
SodAd2 (universel-R)

5-CITAYICITAYGAYGCIYTIGARCC- 3’
5-ARRTARTAIGCRTGYTCCCAIACRTC-3’

438; Enterococcus
480; Streptococcus

5-TGGGCAGAAACTCAAGA-3’

Streptococcus thremophilus (glcK)

470

5-AACACCACCACCGATAAC-3

5-GGACTGGGAGCCTGGGAT-3’

Streptococcus thremophilus (dnakE)

480

5-ACTCCCTGCAGCAGACCC-3’

5-ATCACTGAAGATGGAAGC-3’

Streptococcus thremophilus (thrS)

497

5-CCAAGTTTACGGTGGTCA-3’

I=AT,GorC;Y=CorT;R=AorG.

Moschetti et al. (1998). Total DNA was extracted from 100 pl of
overnight cultures which was picked from one colony and
resuspended in M17 broth. Cells were pelleted in a microcentrifuge
at 8000 x g for 5 min, resuspended in 20 pl of GeneReleaser™ (Bio
Ventures, Inc.) and lysed using PCR program as follows: 65°C for
30 s, 8°C for 30 s, 65°C for 1 min 30 s, 97°C for 3 min, 8°C for 1
min, 65°C for 3 min, 97°C for 1 min, 65°C for 1 min and 80°C for 5
min.

Amplification of internal part from sodA gene by using
degenerate primers

PCR procedure was performed in 25 pl reaction mixtures
containing: 2.5 pl 10X PCR buffer, 2 ul dNTP, 0.5 pl of each primer,
0.25 pl of Tag DNA polymerase (Takara) and 5 pl of DNA from
cellular lysates. Amplification was carried out in a Thermal cycler
(Applied Biosystem), as follows: an initial denaturation step of 95°C
for 3 min, 30 cycles of amplification (60 s of annealing at 37°C, 60 s
of elongation at 72°C, and 30 s of denaturation at 95°C) and 7 min
at 72°C for the last elongation. PCR primers pairs used in this study
are shown in Table 1. An amount of 5 pl of the PCR product was
electrophoresed at 100 V on a 1% agarose gel. The documented
sizes of the amplicons were 480 and 438 bp from sodA gene in
Streptococci and Enterococci respectively (Poyart et al., 1998,
2000). 200 bp DNA Smartladder (Eurogentec) was used as
molecular size marker and DNA of references strains was included.

Streptococcus-specific PCR

DNA identification analysis by PCR was followed with
Streptococcus species-specific primers from S. thermophilus
CNRZ1066 used as the positive control. The cellular lysates were
obtained with the genereleaser™ (bio Ventures, inc.) from overnight
cultures as described above and the following three primers pairs
were used for this study (Table 1). The amplification profile included
a denaturation step of 94°C for 5 min, and then subjected to 30
cycles of 94°C for 30 s, 50°C for 30 s, 72°C for 1 min and a final
soak at 4°C. DNA fragments were determined by comparing the
positive control bands from reference strains with amplified
fragments of wild members within indigenous flora isolates. The
documented bands of the amplicons were 470, 480 and 497 from
glcK, dnaE and thrS respectively (Delorme et al., 2007). The
presence of PCR products was determined by gel electrophoresis
in 1% agarose gel containing ethidium bromide. Electrophoresis in

Tris-borate-EDTA was performed at 100 V, and DNA Smartladder
(Eurogentec) of 200 bp was used as the molecular size marker.

RESULTS
Biochemical and morphological characteristics

12 strains were selected and presumptively identified as
cocci thermophilic lactic acid bacteria (LAB). All the
strains were Gram-positive, catalase negative and
produced no gas from glucose. Eight strains did not grow
at all or poorly in 6.5% NaCl, three of them were able to
grow at pH 9.6 and showed no or only weak growth on
SB medium. Morphology cells were spherical, ovoid in
short or means and long chain. Enterococci are reported
to grow at 10°C, but six strains presumptively identified in
these genera by classical methods failed to do so. The
contradictions were established in strains which grew well
with pink colonies in SB agar but failed to grow in broth
with 6.5% NaCl and at pH 9.6. Therefore, another
identification approach was necessary to clarify the
taxonomic positions of these atypical isolates.

Analysis of DNA amplicons products from sodA gene

Identification by using the universal primers of sodA
database of Gram-positive cocci is frequently reported
particularly from genus and species of streptococci and
enterococci. In this work, the specificity of the genus was
determined by testing all isolates presumptively identified
as thermophilic lactic acid bacteria in short and long
chain. Only five strains reacted with sodAd1/sodAd2
genus universal primers, and occurred as a single
product. One band of weak intensity at 438 bp in the
references and three isolates (LGM5, LGM6 and LGM7)
and another band of strong intensity located appro-
ximately between 438-480 bp was revealed in only the
reference and two selected strains (LGM1 and LGM2).
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Figure 1. Genus and species-specific PCR amplifications for sodA gene. (a) Genus PCR with primer pair d1/d2. Lane M, 200-pb
DNA molecular mass marker; lane 1, S. thermophilus CNRZ 1066 as positive control; lane 2, LGM1 isolate; lane 3, LGM2 isolate;
lane 4, C. glutamicum ATCC 13032 as negative control; lane 5, LGMS5 isolate; lane 6, LGM6 isolate; lane 7, LGM7 isolate; lane 8,
E. faecalis JH2-2 as positive control; lane 9, E. faecium 64/3 as positive control. (b) Species-specific PCR with primer pair glcK-
up/glcK-dn. Lane M, 200-pb DNA molecular mass marker; lane 1, LGM5 isolate; lane 2, isolate 6; lane 3, LGM®6 isolate; lane 4,
LGM?7 isolate; lane 5, isolate 7; lane 6, isolate 8; lane 7, LGMT1; lane 8, isolate 9; lane 9, LGM2; lane 10, E.. faecalis JH2-2 as
negative control; lane 11, isolate 10; lane 12, E. faecium 64/3 as negative control; lane 13, isolate 11; lane 14, isolate 12; lane 15,
St. thermophilus CNRZ 1066 as positive control. (¢) Species-specific PCR with primer pair dnaE-up/dnaE-dn. Lane M, 200-pb
DNA molecular mass marker; lane 1, LGM5 isolate; lane 2, LGM6 isolate; lane 3, LGM7 isolate; lane 4, isolate 6; lane 5, LGM1;
lane 6, LGM2; lane 7, isolate 7; lane 8, isolate 8; lane 9, isolate 9; lane 10, LGMS3; lane 11, LGM4; lane 12, isolate 10; lane 13,
isolate 11; lane 14, isolate 12; lane 15, E.. faecalis JH2-2 as negative control. (d) Species-specific PCR with primer pair thrS-
up/thrS-dn. Lane M, 200-pb DNA molecular mass marker; lane 1, Ent. faecium 64/3 as negative control; lane 2, E.. faecalis JH2-2
as negative control; lane 3, LGM1; lane 4, LGM2; lane 5, isolate 6; lane 6, LGM 3; lane 7, LGMS5; lane 8, LGMS6; lane 9, LGM4;
lane 10, LGM7, lane 11, isolate 7, lane 12, isolate 8; lane 13, isolate 9; lane 14, isolate 10; lane 15, isolate 11; lane 16, isolate 12.

No significant common bands were found from other
isolates, and from the control-negative strain C.
glutamicum (Figure 1a). These results represent a similar
profile and do not indicate the discriminating power of the
universal primers of sodA gene PCR described here.

Amplification using streptococcal species
On the basis of the unclear results of phenotypic

identification and the weak discriminating power of sodA
gene between Streptococcus and Enterococcus genus,

species-specific PCR of glcK, dnaE and thrS from
streptococci were carried out to determine the taxonomic
identification and to compare the isolates with reference
strains. In one hand, the expected 470-pb band from glcK
gene was revealed in the streptococci reference strain
and two isolates (LGM1 and LGM2). However, a double
product band was visualised also at approximately 600
bp in two reference enterococci strains and in three
traditional butter isolates (LGM5, LGM6, and LGM?7),
while no significant bands were found from the other
strains tested (Figure 1b). Two other strains suspected to
be streptococci were confirmed by using primers of glcK,
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Figure 2. Microscopic cell morphology of wild Streptococcus thremophilus LGM1, LGM2, LGM3 and LGM4

isolated from traditional butter ‘Smen’ (x1000).

LGM3 and LGM4, (results not shown).

On the other hand, the specific 480 and 497 bp
streptococci bands from dnaE and thrS respectively were
obtained in four isolates which reacted also with glcK
from all isolates tested, (Figure 1c, d). Finally, in this
study, we demonstrated that four isolates reacted with
the three species-specific glcK, dnaE and thrS amplicons
used in this work, indicating that they are members of
Streptococcus thermophilus which are provided from
Algerian traditional butter ‘Smen’. These results indicate
the discriminating power of the glcK-up/glcK-dn, dnaE-
up/dnaE-dn and thrS-up/thrS-dn primers described in this
work. This evidence allowed us to clearly differentiate
Streptococcus thermophilus (Figure 2) from Enterococcus

Spp.

DISCUSSION

While the association of Streptococci and Enterococci

with European fermented foods is well known (Moschetti
et al.,, 1998; Cogan et al., 1997; Sengun et al., 2009;
Secchi et al., 2011), little is known about the involvement
of these bacteria in African fermented foods (Youssif et
al., 2005). Streptococci were shown in this study to form
a predominantly inhabitants of the microflora of
fermented milk product ‘Smen’, as these bacteria could
be isolated throughout the fermentation process.
Enterococci were also present in ‘Smen’, they appear to
be often associated with fermented products from Africa,
although at a high incidence compared with other cocci
lactic acid bacteria (LAB) (Mathara et al., 2004; Bensalah
et al., 2006, 2009).

Streptococcus and Enterococcus are Gram-positive
cocci, commonly recognized by their growth on Rogosa
agar plates. These genera differ phenotypically; however,
biochemical and physiological tests often give imprecise
specifications. Due to complicated and uncertain
identification, efforts have been made to develop simple,
fast and discriminating methods for identification of
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Streptococcus from Enterococcus species (Moshetti et
al., 1998). The result of this study demonstrates the
necessity for use of molecular methods which is crucial
for successful identification of unknown thermophilic
cocci strains. PCR analysis is useful for clearly
discriminating a multitude of species of LAB (like
Streptococcus, Lactococcus and Enterococcus species)
(Mannu and Paba, 2002; Bensalah et al., 2006, 2009).
Species-specific PCR was previously used for the
identification of clinical and food isolates of Enterococci
and Streptococci (Poyart et al.,, 1998; Delorme et al.,
2007).

The primers used for the sodA gene in this study gave
a DNA profile almost similar to Streptococci and
Enterococci; however, the use of three other primer pairs
glcK, dnaE and thrE helped highlight different profiles and
amplified the expected DNA bands. The loci chosen
formed a suitable basis for DNA identification procedures
and the housekeeping gene provided evidence and
demonstrated that species-specific glcK, dnaE and thrE
discriminate among streptococci and enterococci
isolates. PCR methods in this work proved to be useful
for species identification and to reveal different patterns
throughout this genus. We also attempted to show that
phenotypic  characterisation and amplified DNA
amplicons using PCR analyses were quick, reliable and
convenient methods to differentiate Streptococci from
Enterococci. PCR assays developed here are technically
affordable for laboratories that do not have easy access
to more sophisticated or expensive procedures. Also, the
genotypic and phenotypic analysis carried out on wild
Streptococci and Enterococci isolated from traditional
fermented ‘Smen’ highlighted diversity among strains.
This study enabled the dominance biotypes in ‘Smen’ to
be defined at each period of maturation and, it was found
that the strains that dominated the first stage of ripening
were not necessarily predominant in the later periods
(Mannu et al., 2000).

To our knowledge, this is the first report on the
occurrence, isolation and molecular identification of S.
thermophilus in  ‘Smen’ in Algeria, and further
investigation into strain variability within species should
be extended not only to more old samples but also, to
dairy artisanal product from spontaneously fermented
milk. The analysis of bacterial properties as synthesis of
exopolysaccharides (Minic et al., 2007), proteolysis,
aroma, acidifying power and antagonistic activity must be
realised. These studies are of particular interest as they
favour the isolation and selection of future cultures
starters as S. thermophilus from traditional dairy
products. It is, therefore, of great importance to preserve
the genetic pool of strains of lactic acid bacteria in Africa.
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