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Abstract

A total of 208 strains of lactic acid bacteria (LAB) were isolated from Algerian traditional
fermented milk (Jben, Klila, Raib and Lben), in order to evaluate their technological and
probiotic properties. These strains were tested for their antimicrobial activity against Listeria
monocytogenes using agar well diffusion technique. Only 11 strains were retained, they
Keywords
were also characterised in respect to their technological properties. The retained strains were
identified by analyses of the 16S rDNA gene as; Lb. curvatus (1 strain), Ln. mesenteroides
Traditional fermented milk subsp mesenteroides (1 strain), Lb. plantarum (3 strains), Lb. brevis (2 strain), Lactobacillus
Technological
acidophilus (2 strains), and Lactococcus lactis subsp lactis (2 strains). All the antimicrobial
characterization
compounds produced by the selected lactic acid bacteria were fully or partially inactivated by
Lactic acid bacteria
the proteolytic enzymes. The compounds were heat stable up to 100°C for 20 min, and were
Bacteriocin
active from pH 3.0 to 10.0. The enzymatic potential of the strains evaluated with API ZYM
Probiotic
system show that all strains exhibited high leucine, cystine aminopeptidase and β-Galactosidase
activities. Lactococcus strains were those that showed the greatest degree of proteolytic activity,
however very low lipolytic and amylolytic capacity was detected for same strains. Two out of
the 11 selected strains showed moderate survival rates under simulated gastric, however all
tested strains showed a high stability under intestinal conditions. According to the results, the
selected LAB strains could be used as potential probiotics to a possible inhibition of food-borne
pathogenic bacteria and also would be of considerable interest to use as starter culture.
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Introduction
Fermented milk is a dairy product provides the
human diet with nutritious compounds of varied
flavours, aromas, and textures. These which product
may have been made from milk with or without
any modification of their composition, via the
action of appropriate microorganisms and which
result in a lowering of the pH with or without
coagulation (Borresen et al., 2012). Several types of
fermented milk products have been reported to exist
throughout the world (Stanley, 1998; Tamime, 2002).
The most popular of them in North African are Jben,
Lben, Klila and Raib, (Benkerroum and Tamime,
2004; Benkerroum, 2013).
Jben a soft variety cheese is made in the
mountainous area of eastern Algeria (souk ahras,
Guelma, Tebessa, Khanchla and Batna) of cows’
milk, with sometime additions of goats’ and sheep’s
milk from January to March, although some
manufacturers who provide a wider market use rennet
to coagulate the milk just a few hours after milking.
Traditional protocol includes rennet coagulation of
raw whole cow’s milk; to which a salt was added in
*Corresponding author.
Email: mechai_mabdelbasset@yahoo.fr

the proportion of 10-20 Nacl per litre of milk at room
temperature for 2 to 15 d (Benkerroum and Tamime,
2004). Klila a hard variety cheese is made from raw
milk by heating whey of curd at 65°C for 30 minutes
without using a starter culture of lactic acid bacteria.
Then the obtained curd is sieving through a muslin
doth or straw basket to discard whey (Benkerroum,
2013).
Raib and its by-products (Lben and zebda) are
traditional fermented dairy products, still widely
produced and consumed in Maghreb countries
(Morocco, Tunisia, and Algeria) (Benkerroum and
Tamime, 2004; Koussou et al., 2007). This traditional
fermented dairy product is obtained after spontaneous
curdling of raw milk within 24 to 36 h at ambient
temperature; however Lben (buttermilk) is obtained
by churning spontaneously soured milk to remove
butter.
Fermented milk production is based on the
metabolic activity of LAB to ferment sugars,
especially glucose and galactose, so to produce lactic
acid and aroma substances that give typical flavours
and tastes to fermented products (Jay, 2000; Marshall,
2005). LAB also release antimicrobial metabolites so
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called bacteriocins, which are considered safe and
natural preservatives, with great potential to be used
on their own, or synergistically with other methods in
food preservation. Over the past two decades, a large
number of LAB, isolated from various fermented
food systems in different parts of the world have
been studied for their probiotic potential and ability
to produce industrially important substances (Baruzzi
et al., 2011; Senaka et al., 2012) .
The aim of the present study was to characterize
autochthonous lactic acid bacteria isolated from
fermented milk products and to study their
technological and probiotic properties in order to select
those used as lactic acid starter in the manufacturing
of fermented dairy products and which are suitable to
local conditions.
Materials and Methods
Isolation of LAB and culture conditions
A total of 208 LAB strains were obtained from
Algerian traditional fermented milks samples (Raib,
Lben, Jben and Klila) collected from rural areas in
eastern Algeria (table 1). Phenotypic characterization
of LAB was done according to the procedures
described by Hammes and Vogel (1995), Schillinger
and Lücke (1987), and Stiles and Holzapfel (1997).
The carbohydrate fermentation profiles of the selected
isolates were investigated using API 50 CH strips
and API CHL medium according to manufacturer’s
instructions (API system, Bio-Merieux, France).
Molecular characterization
Those LAB isolates sharing some of the screened
properties were further identified by molecular
biology. Total genomic DNA was extracted from
overnight culture of bacteria isolates using Bacterial
Genomic DNA extraction kit (SpinKlean Genomic
DNA Extraction Kit, Canada) (VanHoorde et
al., 2008). Polymerase chain reaction (PCR)
amplification of 16S rDNA was carried out using
Taq PCR Master Mix Kit (Biomatik, Canada). An
approximately 1500-bp fragment of the 16S rDNA
was amplified by using the following universal
primers 1492R (Bacteria/Archaea-specific) 5’GGTTACCTTGTTACGACTT-3’ and 27F (Bacteriaspecific) 5’-AGAGTTTGATCCTGGCTCAG-3’.
Screening for antibacterial activity
Isolated colonies of the assumed LAB were
screened for antimicrobial-producing activity
essentially using the spot method as described by
Spelhaug and Harlander (1989). The spectrum of
activity against different bacteria (Table 2) was
determined by the well-diffusion assay (schillinger

and Lúcke, 1989) and disk diffusion assay (Tagg
and McGiven, 1971).
Characterization of antimicrobial substance
Cell-free supernatants (CFS) from the lactic
acid cultures were collected by centrifugation
(7500 g, 10 min, 4°C) of overnight MRS broth
cultures. The supernatant fluids were adjusted
to pH 6.5 and exposed to heat treatments of
65°C for 40 min, 95°C for 20 min, 100°C for
20 min, and 121°C for 20 min, and then were
tested for remaining antimicrobial activity. In order
to determine the effect of pH on Semi-purified
preparations of the bacteriocin were adjusted to
various pH values in the range of 2 to 12. The
pH-adjusted bacteriocin samples were incubated
at 37°C for 20 min and then neutralized to pH
6 and tested for bacteriocin activity. The following
enzymes were tested for their hydrolytic activity
on the antimicrobial compounds contained in the
supernatants: proteinase K (2.6 U mg-1), pronase E
(22 U mg-1), α-Chymotrypsin (16U mg-1), catalase
(adjusted to a final activity of 2600 U mg-1),
lipase (50 U mg-1), and α-amylase (15 U mg-1).
Technological and probiotics properties
Assessment of proteolytic activity
Proteolytic activity was tested using Plat Count
Agar PCA with 2% (w/v) skim milk. The presence of
clear zones around the colonies was recorder as positive
activity. All strain with positive reaction in MRS
with 1% skimed milk was considered as strains with
slight activity. Extracellular quantitative proteolytic
activity was determined by the o-phthaldialdehyde
(OPA) method (Church et al., 1983). The results were
calculated from a calibration curve obtained from
the dilution of glycine in distilled water and were
expressed in mM glycine L-1 of milk.
Assessment of amylolytic activity
Surface-dried plates of starch agar (Gordon et al.,
1973) were streaked with 24 h-old cultures, incubated
at 30°C for 48 h. After incubation, the plates were
flooded with iodine solution for 15-30 min and
examined the clear zone underneath (after the growth
was scrapped off) for amylolytic activity.
Assessment of Lipolytic activity
Tested strains were grown overnight at 37°C
in MRS broth. A loopful fresh culture was placed
on Tributyrin Agar (Leuschner et al., 1997). Plates
were incubated at 37°C for 4 days and observed
daily for halo formation around the colonies. The
radius of the halo formation (in mm) at the end of
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incubation was measured
Enzymatic profile by API-zym system
Enzymatic activities of selected LAB strains were
assayed using the API- ZYM (bioMérieux, France)
galleries as described by the manufacturer. The
enzymatic activity was graded from 1 to 5 according
to the colour reaction chart. The approximate number
of free nmol hydrolyzed substrate may be obtained
from the colour intensity, 0: no activity; 1: liberation
of 5 nmol; 2:10 nmol; 3: 20 nmol; 4:30 nmol and 5:
≥40 nmol (Papamaloni et al., 2003).

Table 1. Grouping of LAB strains isolated from Algerian
fermented milk products
Species
Lactobacillus plantarum
Lactobacillus paracasei
Lactobacillus rhamnosus
Lactobacillus brevis
Lactobacillus curvatus
Lactobacillus acidophilus
Enterococcus faecium
Lactococcus lactis subsp. lactis
Leuconostoc mesenteroides subsp. cremoris
Leuconostoc mesenteroides subsp. dextranicum
Pediococcus acidilactici

Results and Discussion
In the present 208 LAB were isolated from
sixteen samples of fermented skimmed milk (Raib
and Lben) and twenty-two samples of Traditional
cheeses (Jben and Klila) collected from local markets
and individual households of rural areas in eastern
Algeria. Direct antagonism tests carried out on
solid medium revealed that 52 of isolates produced
antimicrobial substances that were active against the
indicator strain L. monocytogenese ATCC7644. from
which, 11 bacteriocinogenic strains were identified
and selected for further study.
Generally, the bacteriocins from the selected
LAB were shown to be ineffective against Gram
negative bacteria. The partially purified bacteriocin
preparations from the strains (JBB76 and JBB65)
showed broad antimicrobial activity including
against Gram-negative Pseudomonas and E. coli
strains (Table 2). Messi et al. (2001) reported the
inhibitory action of bacteriocin of L. plantarum
against Gram negative strains. The bacteriocins
produced from L. plantarum have been found
to be inhibitory towards closely related LAB,
particularly the mesophilic and thermophilic
lactobacilli (Aymeriche et al., 2000). Of all the

Fermented milk product
Klila (10) Raib (10) Lben (6)
2
8
7
0
12
3
0
6
6
5
3
9
2
10
2
2
4
10
0
3
1
5
12
3
1
4
2
0
3
0
1
3
0

Grouped strain Representative strains
32
JBB71, JBB75, JBB76
24
12
25
JBB02, JBB07
22
JBB65
20
JBB102, JBB75
12
42
JBL10, JBL15
05
JBLC125
08
06

Table 2. Inhibitory spectrum of the pH neutralized cell-free
supernatants of the LAB strains isolated from fermented
milk products, as determined with the well-diffusion
assay
Isolated strains

Survival under simulated gastro-intestinal tract
condition
The survival under simulated gastro-intestinal
tract condition of LAB was performed according
to the method of Charteris et al. (1998). Simulated
gastric and pancreatic juices were prepared by
suspending pepsin (3 mg ml-1; Sigma) and pancreatin
USP (1 mg ml-1; Sigma) in sterile sodium chloride
solution (0.5%, w/v), which was then adjusted with
hydrochloric acid (3.0 M) and NaOH (1 M) to pH
2.5 and 8.0, respectively. Total viable counts (CFU
ml-1) were evaluated after incubation for 180 min in
cultures tested for gastric transit tolerance, and for
240 min in cultures tested for small intestinal transit
tolerance.

Jben (12)
15
9
0
8
8
4
8
22
2
0
2

Lactococcus lactis subsp
lactis
Lactobacillus brevis
Lactobacillus curvatus
Lactobacillus plantarum
Lactobacillus acidophillus
Ln. mesenteroides subsp
mesenteroides

JBL10
JBL15
JBB02
JBB07
JBB65
JBB71
JBB75
JBB76
JBB102
JBB110
JBLC125

Bacillus
Bacillus
.cereus
subtilis
ATCC 14578 ATCC8
+++
+++
+++
+++
++
++
++
++
+++
+++
+
+
+++
+++
+++
+++
++
+
++
+
-

+

Indicator strains
Gram positive
Staphylococcus
Listeria
aureus ATCC
monocytogenes
25293
ATCC 7644
+++
+++
+++
+
+
+++
+++
+++
+++
++
+++
+++
+++
+++
+++
+++
+++
+++
+

++

Ent. faecalis
ATCC 19433
++
++
++
++
++
+++
++
+++
-

Gram negative
Pseudomonas
aeruginosa
ATCC 27853
++
++
+++
+++
-

Escherichia coli
ATCC 25422

-

-

- = no inhibition zone, + = inhibition zone up to 5 mm, ++ = inhibition zone up to 10 mm;
+++ = inhibition zone over 12 mm.

Figure 1. Electrophoretical pattern of 16S rDNA amplicons
(1500 bp) obtained on genomic DNA from selected isolates:
Lane M, 1kb ladder (10000-500 bp); 1: Lactococcus lactis
subsp lactis (JBL10). 2: Lactococcus lactis subsp lactis
(JBL15). 3: Lactobacillus brevis (JBB02). 4: Lactobacillus
brevis (JBB07). 5: Lactobacillus curvatus (JBB65).
6: Lactobacillus plantarum (JBB71). 7: Lactobacillus
plantarum (JBB75). 8: Lactobacillus plantarum (JBB76).
9: Lactobacillus acidophillus (JBB102). 10: Lactobacillus
acidophillus (JBB110). 11: Ln. mesenteroides subsp
mesenteroides (JBLC125).

indicator strains tested, L. monocytogenes and S.
aureus, were the most sensitive, being nhibited by
all 11 strains. However the cultures that produced
“high” inhibition zones against L. monocytogenes
were: JBL10, JBL15, JBB07, JBB65, JBB75, JBB76,
JBB102 and JBB110. Therefore, the high sensitivity
of the Listeria strain to the bacteriocins produced
by our isolates is not surprising, since a wide
sensitivity of L. monocytogenes strains to bacteriocins
has been reported (Ennahar and Deschamps, 2000;
Achemchem et al., 2006). Our results has also
revealed that the inhibitory compounds produced
by the 11 isolates demonstrated a high résistance
to heat treatments ranging in temperature from
30 to 121°C (Table 3). In the other hand the
bacteriocins were shown to be stable over a broad
pH range with all peptides maintaining some
antimicrobial activity within the pH range of pH
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Table 3. Effect of heat treatment, pH and proteolytic enzymes on the antimicrobial compounds produced in the
supernatant by selected lactic acid bacteria isolated from Algerian fermented milk products ab
Treatments
enzymes
Pronase E
Proteinase K
α-Chymotrypsin
Lipase
Catalase
pH
2
3
5
7
9
11
12
Heat Treatment
65° C/40 min
95° C/20 min
100° C/20 min
121° C/20 min

Lactococcus lactis subsp
lactis
JBL10
JBL15

JBB02

JBB07

JBB65

JBB71

JBB75

JBB76

JBB102

JBB110

Ln. mesenteroides subsp
mesenteroides
JBLC125

+++
+++

+++
+++

+++
+++

+++
+++

+++
+++

+++
+++

++
++
+++
+++
-

+
++
+++
+++
+++
-

+++
+++
+++
+++
+++
+

+
+++
+++
+++
+++
-

++
+++
+++
++
-

++
+++
+++
+++
-

+++
+++
+++
-

+++
++
+
-

+++
+++
+++
-

+++
++
+
-

++
++
+
-

++
++
+
-

Lactobacillus brevis

Lactobacillus curvatus

+
+++

+
+++

+++
+++

+++
+++

+++
+++

+
++
+++
+++
++
+
-

+
++
+++
+++
++
-

+
+++
+++
+++
+++
-

+
+++
+++
+++
+++
-

+++
++
+++
+++
+++
++

++
++
+
-

++
++
+
-

+++
+++
-

+++
+++
-

+++
+++
+++
+++

-

Lactobacillus plantarum

Lactobacillus acidophillus

: All assays were conducted with Listeria monocytogenes ATCC 7644 as indicator strain.
: - = no inhibition zone, + = inhibition zone up to 5 mm, ++ = inhibition zone up to 10 mm; +++ = inhibition zone over 12 mm.

-

a

b

Table 4. Enzymatic activitya detected using API-ZYM
system, of selected LAB isolated from Algerian fermented
milk products
Isolated strains
Lactococcus lactis subsp lactis
Lactobacillus brevis
Lactobacillus curvatus
Lactobacillus plantarum
Lactobacillus asidophillus
Ln. mesenteroides subsp mesenteroides

JBL10
JBL15
JBB02
JBB41
JBB65
JBB71
JBB75
JBB76
JBB102
JBB110
JBLC125

01
0
0
0
0
0
0
0
0
0
0
0

02
1
1
3
3
2
2
1
1
2
1
2

03
0
0
0
0
0
0
0
0
1
0
0

04
3
3
5
4
3
5
5
5
4
3
4

05
1
1
1
2
4
4
4
4
1
1
1

06 07 08
4
5 1
4
3 1
5
2 1
4
2 2
5
2 2
4
2 1
5
2 1
5
5 1
4
4 2
4
4 2
4
3 1

09
2
2
4
5
4
4
4
4
3
4
5

10
1
3
3
5
5
5
4
3
4
4
1

11
1
2
3
3
2
2
2
2
2
2
1

12
2
3
4
3
3
3
4
4
4
3
3

13
4
0
4
0
1
0
0
0
1
1
4

14
5
3
4
3
3
3
3
3
3
3
4

15
0
0
0
0
0
0
0
0
0
0
0

01: Alcaline phosphatase ; 02: Esterase ; 03: Esterase and lipase ; 04: Leucine
arylamidase ; 05: Valine arylamidase ; 06: Cystine arylamidase ; 07: Acid phosphatase
; 08: Naphtol phosphohydrolase ; 09: α-Galactosidase ;10: β-Galactosidase;
11: β-Glucuronidase; 12: α- Glucosidase; 13: β-Glucosidase; 14: N-acetyl-βglucosaminidase; 15: α-Mannosidase

Table 5. Enzymatic activity of selected LAB isolated
from Algerian fermented milk products
Isolated strains
Lactococcus lactis subsp lactis
Lactobacillus curvatus
Lactobacillus brevis
Lactobacillus plantarum
Lactobacillus acidophillus
Ln. mesenteroides subsp mesenteroides

JBL10
JBL15
JBB65
JBB02
JBB07
JBB71
JBB75
JBB76
JBB102
JBB110
JBLC125

Protease activity a
3.13±0.02
3.95±0.12
2.60±010
2.10±0.00
2.88±0.04
1.98±0.05
2.01±0.02
2.52±0.01
2.14±0.04
2.21±0.02
1.12±0.00

Lipolytic activity b
-/+
+
+
-

α-amylaseb
-/+
-/+
-/+
-/+
-/+
-/+
-

: Proteolytic activity measured using the o-phthaldialdehyde (OPA)
spectrophotometric assay and expressed as mM Gly L-1 of milk, after a 24 h
period of incubation of the strains in the milk
b
: Strains showing positive hydrolysis test (>2.0 mm) were assayed.
a

3 to 10.
According to Tagg et al. (1976) bacteriocins
differ greatly with respect to sensitivity to pH. Many
of them are considerably more tolerant of acid
than alkaline pH values. In the present study
bacteriocin produced by the strain Lactobacillus
curvatus (JBB65 ) exhibited the same profile
and was active at pH values between 4 - 9.
Maximum inhibitory activity was demonstrated at
pH 4 and 5. Similar properties have been reported
for other bacteriocins including lactacin, lactacin 27,
acidolin, pediocin A, and pediocin PA-1 (Hastings
et al., 1996). These bacteriocins were also stable
over a wide range of pH. Piard and Desmazeaud
(1992) reported that temperature stability is very
convenient if the bacteriocin is to be used in food
preservative, because many processing procedures
involve a heating step, and cold is one of the
most popular preservation procedures. Furthermore,
activity at neutral pH constitutes an advantage over
other bacteriocins used as food preservatives and
particularly over nisine, whose maximal solubility

and stability are at pH 2, with these parameters
decreasing significantly as the pH increases.
Regarding proteolytic activity, the tow strains
of the genus Lactococcus presented the greater
proteolytic activity. These results agree with
those obtained by Pérez et al. (2003) and Herreros
et al. (2003) in studies about the technological
characterization of lactic acid bacteria isolated
from craft cheeses. Tributyrin, and soluble starch
were used for detecting, lipid and starch digestive
capabilities, respectively. Neither starch nor lipid
digestions were detected. The absence of amylolytic
activity indicating that selected LAB they have no
role in saccharification and liquefaction of starchy
substrates. It has been reported that Information on the
contribution of LAB to the lipolysis in fermented milk
products is rather scarce and are generally considered
to be weakly lipolytic, as compared with other groups
of microorganisms (Fox et al., 2004). On the basis
of the results of lipolytic activity and in agreement
with our results, Papamanoli et al. (2003) reported
that Lactobacillus species are weakly lipolytic.
Concerning the activities of the enzymes
correlated with carbohydrate catabolism, as shown
in Table 5, α-galactosidase exhibited by 10/11
of tested strains, whereas Lactobacillus strains
exhibited a high β-galactosidase activity, while
relatively low β-galactosidase activity was observed
among lactococci. β-glucosidase and N-acetyl-βglucosaminidase activities were exhibited by strains
(JBL10, JBB02, JBLC125), whereas very weak
β-glucuronidase activity was displayed by only
Lactobacillus brevis (JBB02, JBB41).
Presence of strong β-galactosidase suggests that
fermented products derived from the collected samples
may be suitable for lactose-intolerant patients. The
lower activity of esterase-lipase among the tested
strains indicates that these isolates are not important
to reduce bitterness, develop typical flavor, body, and
taste during fermentation process. All selected strain
had high leucin and cystine arylamidase. Further,
L. curvatus and L. plantarum strains possess valine
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Table 6. Effect of simulated gastric and intestinal juices
on viability of the lactic acid bacteria isolated from
Algerian fermented milk (log CFU ml-1)
Isolated strains
Lactococcus lactis subsp lactis
Lactobacillus brevis
Lactobacillus curvatus
Lactobacillus plantarum
Lactobacillus acidophillus
Ln. mesenteroides subsp mesenteroides

JBL10
JBL15
JBB02
JBB07
JBB65
JBB71
JBB75
JBB76
JBB102
JBB110
JBLC125

Viable count in simulated
gastric juicea
control
pH 2.5 (180 min)
9.12±0.02
7.14±0.03
9.08±0.01
6.23±0.01
8.85±0.06
5.06±0.04
8.99±0.04
4.98±0.01
8.95±0.06
4.97±0.08
9.00±0.02
6.46±0.04
8.91±0.02
6.94±0.03
8.78±0.01
6.90±0.02
8.97±0.01
5.17±0.05
8.99±0.01
5.03±0.02
8.65±0.02
4.99±0.01

: Pepsin (3 mg ml-1) and sodium chloride (5 mg ml-1).
: Pancreatin (1 mg ml-1) and sodium chloride (5 mg ml-1).

Viable count in simulated
intestinal juiceb
control
pH 8.0 (240 min)
9.07±0.02
8.87±0.01
9.10±0.03
8.90±0.03
8.91±0.05
8.65±0.04
8.94±0.03
6.44±0.01
9.10±0.11
8.59±0.15
8.98±0.04
7.08±0.05
8.88±0.03
8.28±0.04
8.70±0.07
7.40±0.02
8.91±0.01
8.65±0.05
8.91±0.02
8.52±0.04
8.71±0.04
8.66±0.01

a

b

arylamidase activities. According to Ammor et al.
(2005), lactic acid bacteria with these enzymes
contribute to the catabolism of proteins and peptides
generating free amino acids, precursors of flavour
compounds in the final product.
With respect to the resistance to simulated gastric
juice conditions (pH 2.5), the results of these study
illustrated in table 6 shows a significant decrease in
the population of Lactobacillus curvatus (JBB65),
Lactobacillus brevis (JBB07) and Ln. mesenteroides
subsp mesenteroides (JBLC125). However all L.
plantarum strains and those of Lactococcus lactis
subsp lactis, survived better after incubation for
180 min. These results agreed with those obtained
by Madureira et al. (2005), who reported that the
resistance of probiotic strains to passage through
the gastrointestinal tract is strain-dependent and
several parameters may determine the extent to
which probiotic strains survive; passage through the
upper gastrointestinal tract, the degree of stomach
acidity and the period of exposure. Concerning the
survival in the simulated pancreatic juice (pH 8.0),
all selected strains survived well after incubation for
240 min. Most studies have shown that the majority
of the strains survived well under such conditions,
suggesting a potential recuperation of the initial levels
during the passage of the small intestine However,
the susceptibility or resistance of probiotic cultures
to bile is species as well as strain specific (Millette
et al., 2008).
Conclusions
Over the past two decades, there is an increasing
research on the traditional dairy products obtained
from raw milk produced. Milk fermentation, like
many traditional fermenting processes, is spontaneous
and uncontrolled and could be a valuable source of
autochthonous Lactic Acid Bacteria (LAB). In the
present study several LAB isolated from Algerian
fermented milk products were characterized and
shown to exhibited favourable functional properties
with industrial potentials, including enzymatic
profiles, acidifying and coagulating ability, and
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antimicrobial activity. Based on their technological
properties, they were considered as potential candidate
lactic acid bacteria for use as starter culture in dairy
milk fermented production.
Acknowledgments
This study was supported by a grant of the «
Ministry of Higher Education» of Algeria (Project:
F02920130004). We gratefully acknowledge Prof (AlKarim Mehda) for kindly supplying the proteolytic
enzymes and for providing the indicators strains.
References
Achemchem, F., Abrini, J., Martinez-Bueno, M., Valdivia,
E. and Maqueda, M. 2006. Control of Listeria
monocytogenes in goat’s milk and goat’s jben by the
bacteriocinogenic Enterococcus faecium F58 strain.
Journal of Food Protection 69:2370–2376.
Achemchem, F., Martinez-Bueno, M., Abrini, J., Valdivia,
E. and Maqueda, M. 2005. Enterococcus faecium F58,
a bacteriocinogenic strain naturally occurring in Jben,
a soft, farmhouse goat’s cheese made in Morocco.
Journal of Applied Microbiolology 99:141–150.
Ammor, S., Dufour, E., Zagorec, M., Chaillou, S. and
Chevallier, I. 2005. Characterization and selection of
Lactobacillus sakei strains isolated from traditional
dry sausage for their potential use as starter cultures.
Food Microbiology 22: 529–538.
Axelsson, L. T. 1993. Lactic acid bacteria: classification
and physiology. In S. Salminen and A. von Wright
(Eds.), Lactic acid bacteria (pp. 1–64). New York:
Marcel Dekker.
Aymerich, M. T., Garriga, M., Monfort, J.M., Nes, I. and
Hugas, M. 2000. Bacteriocin-producing lactobacilli
in Spanish-style fermented sausages: characterization
of bacteriocins. Food Microbiology 17: 33-45.
Baruzzi, F., Poltronieri, P., Marina Quero, G., Morea, M.
and Morelli, L. 2011. An in vitro protocol for direct
isolation of potential probiotic lactobacilli from raw
bovine milk and traditional fermented milks. Applied.
Microbiology and Biotechnology 90: 331–342.
Benkerroum, N. 2013. Traditional Fermented Foods of
North African Countries: Technology and Food Safety
Challenges With Regard to Microbiological Risks.
Comprehensive Reviews in Food Science and Food
Safety. doi: 10.1111/j.1541-4337.2012.00215.x
Benkerroum, N. and Tamime, A.Y. 2004. Technology
transfer of some Moroccan traditional dairy products
(lben, jben and smen) to small industrial scale: a
review. Food Microbiology 21: 399–413.
Boehringer-Mannheim. 1989. Methoden der biochemischen
Analytik und Lebensmittel-analytik. BoehringerMannheim GmbH, Biochemica 6800 Mannheim 31,
Germany.
Borresen, E.C., Henderson, A.J., Kumar, A., Weir, T.L. and
Ryan, E.P. 2012. Fermented foods: Patented approaches
and formulations for nutritional supplementation and

2456

Mechai et al./IFRJ 21(6): 2451-2457

health promotion. Recent Patents on Food, Nutrition
and Agriculture 4:134-140.
Charteris, W.P., Kelly, P.M., Morelli, L. and Collins, J.K.
1998. Development and application of an in vitro
methodology to determine the transit tolerance of
potentially probiotic Lactobacillus and Bifidobacterium
species in the upper human gastrointestinal tract.
Journal of Applied Microbiology 84:759–768.
Church, F.C., Swaisgood, H.E., Porter, D.H. and
Catignani, G.L. 1983. Spectrophotometric assay
using o-phtaldehyde for determination of proteolysis
in milk and isolated milk proteins. Journal of Dairy
Science 66: 1219-1227.
Curk, M. C., Hubert, J. C. and Bringel, F. 1996.
Lactobacillus paraplantarum sp. nov., a new species
related to Lactobacillus paraplantarum. International
Journal of Systematic Bacteriology 46: 595–598.
El Soda, M., Ahmed, N., Omran, N., Osman, G.
and Morsi, A. 2003. Isolation, identification and
selection of lactic acid bacteria cultures for cheese
making. Emirates Journal of Agriculture Science 15:
(2): 51-71.
Ennahar, S. and Deschamps, N. 2000. Anti-Listeria
effect of enterocin A, produced by cheese-isolated
Enterococcus faecium EFM01, relative to other
bacteriocins from lactic acid bacteria. Journal of
Applied Microbiology 88:449–457.
Fox, Patrick F., McSweeney, Paul L.H., Cogan Timothy,
M. And Guinee, Timothy, P. 2004. Cheese: chemistry,
physics and microbiology third edition Vol 2 Major
cheese groups. Third edition .Elsevier Ltd.
Gordon, R.E., Haynes, W.C. and Pang, C.H.-N. 1973. The
Genus Bacillus, Handbook no. 427. United States
Department of Agriculture, Washington, DC.
Gulahmadov, S.G.O., Batdorj, B., Dalgalarrondo, M.,
Chobert, J.M., Kuliev, A.A.O. and Haertlé, T. 2006.
Characterization of bacteriocin-like inhibitory
substances (BLIS) from lactic acid bacteria isolated
from traditional Azerbaijani cheeses. European Food
Research and Technology 224: 229–235
Hammes, W. P. and Vogel, R. F.1995. The genus
Lactobacillus. In The Lactic Acid Bacteria, the Genera
of Lactic Acid Bacteria, vol. 2, pp. 19–54. Edited by
B. J. B. Wood & W. H. Holzapfel. London: Blackie
Academic and Professional.
Hastings, J.W., Gibson, P.T., Chauhan, R., Dykes, G.A.,
Holy; A. van. 1996. Shimarity of bacteriocins from
spoiled meat lactic acid bacteria. South African
Journal of Science 92: 376-381.
Herreros, M. A., Fresno, J M., González Prieto, M J.,
Tornadijo, M. E. 2003. Technological characterization
of lactic acid bacteria isolated from Armada cheese
(a Spanish goats’ milk cheese). International Dairy
Journal 13: 469–479.
Jay, J. M. 2000. Fermentation and Fermented Dairy
Products. In: Modem Food Microbiology, Jay, J.M.
(Ed.). 6th Edn., An Àspen Publication, Aspen Publishers
Inc., Gaithersburg, USA. pp: 113-130.
Koussou, M., Duteurtre, G. and Mopota, L. 2007.
Consommation de lait dans les bars laitiers de la

ville de N’Djamena au Tchad. Revue d’élevage et de
médecine vétérinaire des pays tropicaux 60 :39–44.
Leuschner, R.G., Kenneally, P.M. and Arendt, E.K. 1997.
Method for the rapid quantitative detection of lipolytic
activity among food fermenting microorganisms.
International Journal of Food Microbiology 37: 237
– 240.
Madureira, A.R., Pereira, C.I., Truszkowska, K., Gomes,
A.M., Pintadoa, M.E. and Malcata, F.X. 2005.
Survival of probiotic bacteria in a whey cheese vector
submitted to environmental conditions prevailing in
the gastrointestinal tract. International Dairy Journal
15: 921–927.
Marshall, Robert T. 2005. Dairy Foods: Producing the Best.
Produced by the Instructional Materials Laboratory
1400 Rock Quarry Center University of MissouriColumbia Columbia, MO 65211 (800) 669-2465.
Messi, P., Bondi, M., Sabia, C., Battini, R. and Manicardi,
G. 2001. Detection and preliminary characterization
of a bacteriocin (plantaricin 35d) produced by a
Lactobacillus plantarum strain. International Journal
of Food Microbiology 64: 193–198.
Millette, M., Luquet, F.M., Ruiz, M.T. and Lacroix,
M. 2008. Characterization of probiotic properties of
Lactobacillus strains. Dairy Science and Technology
88: 695–705
Monteagudo-Mera, A., Rodriguez-Aparicio, L., Rúa, J.,
Martinez-Blanco, H., Navasa, N., Garcia-Armesto,
M.R. and Ferrero, MA. 2012. In vitro evaluation of
physiological probiotic properties of different lactic
acid bacteria strains of dairy and human origin. Journal
of functional foods 4: 531–541.
Ouadghiria, M., Amar, M., ancanneyt, M. and Swings, J.
2005. Biodiversity of lactic acid bacteria in Moroccan
soft white cheese (Jben). FEMS Microbiology Letters
251: 267–271.
Papamanoli, E., Tzanetakis, N., Litopoulou-Tzanetaki, E.
and Kotzekidou, P. 2003. Characterization of lactic
acid bacteria isolated from a Greek dry fermented
sausage in respect of their technological and probiotic
properties. Meat Science 65: 859-867.
Pérez, G., Cardell, E. and Zárate, V. 2003. Technological
characterization of lactic acid bacteria from Tenerife
cheese. International Journal of Food Science and
Technology 38: 537–546.
Piard, J.C. and Desmazeaud, M. 1992. Inhibiting factors
produced by lactic acid bacteria: 2-Bacteriocins and
other antibacterial substances. Lait 72: 113-142.
Schillinger, U and Lúcke, FK. 1989. Antibacterial activity
of Lactobacillus sake isolated from meat. Applied.
Environmental Microbiology 55: 1901-1906.
Schillinger, U. and Lucke, F. K. 1987. Identification
of lactobacilli from meat and meat products. Food
Microbiology 4: 199–208.
Senaka R,C., Evans, C.A., Adams, M.C. and Baines, S.K.
2012. In vitro analysis of gastrointestinal tolerance
and intestinal cell adhesion of probiotics in goat’s milk
ice cream and yogur. Food Research International 49:
619–625.
Spelhaug, S.R. and Harlander, S.K. 1989. Inhibition of

Mechai et al./IFRJ 21(6): 2451-2457

food-borne bacterial pathogens by bacteriocins from
Lactococcus lactis and Pediococcus pentosaceous.
Journal of Food Protection 52: 856-862.
Stanley, G. 1998. Cheeses. In: wood, B. J. B. (ED)
Microbiology of fermented Foods. Volume 1. London:
Blakie Academic & Professional. pp. 263- 304.
Stiles, M.E. and Holzapfel W.H. 1997. Lactic acid bacteria
of foods and their current taxonomy. International
Journal of Food Science and Technology 36: 1-29.
Tagg, J.R. and McGiven, A.R. 1971. Assay system for
bacteriocins. Applied. Microbiology 21: 943-955.
Tagg, J.R., Adjani A.S. and Wannamaker, L.W. 1976.
Bacteriocins of Gram positive bacteria. Bacteriology
Revue 40: 722-756.
Tamime, A.Y. 2002. Fermented milks: a historical food
with modern applications: a review. European Journal
of Clinical Nutrition 56, Suppl 4: S2–S15.
VanHoorde, K., Vandamme, P. and Huys, G. 2008.
Molecular identification and typing of lactic acid
bacteria associated with the production of two artisanal
raw milk cheeses. Dairy Science and Technology 88:
445–455.
Vijai, P., Marilingappa, J. and Kadirvelu, J. 2004. Isolation
and characterisation of bacteriocin producing lactic
acid bacteria from a south India special dosa (appam)
batter. Journal of Culture Collections 4: 53-60.
Wiander, B. and Korhonen, H.T. 2011. Preliminary studies
on using LAB strains isolated from spontaneous
sauerkraut fermentation in combination with mineral
salt, herbs and spices in sauerkraut and sauerkraut
juice fermentations. Agricultural and Food Science
20: 176-182.
Wood, B.J.B. and Holzapfel, W.H. 1995. The Genera of
Lactic Acid Bacteria, vol. 2. Blackie Academic and
Professional, Glasgow.

2457

