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ultimately becomes dominate bacterial population in matured
cheese [7, 22]. It appears therefore that there is a great need
to characterize and to preserve mesophilic lactobacilli
occurring in large numbers as unintentional microbial flora
particularly in unpasteurized milk cheese. Lighvan is a kind
of traditional semi-hard cheese manufactured in Lighvan
village, Tabriz province, Iran, at farmhouse level from ewe’s
raw milk using lamb rennet paste and without adding any of
the selected or natural starter culture. Previous studies based
on conventional methods performed in this laboratory
showed that lactobacilli are the main microbial groups
colonizing in this cheese [18]. The aim of this study was to
identify the species of the lactobacilli based on
morphological, biochemical and molecular properties in
Lighvan cheese with 4 month ripening.

Abstract—Facultative Heterofermentative Lactobacilli (FHL)
are responsible for enhancing unique flavour properties in
traditional dairy products such as Lighvan cheese through
biochemical mechanisms. In addition to saving domestic
genetic resources, industrial production of semi-traditional
dairy products is one of the major objectives of non-starter
microflora identification in indigenous dairy products.
Lactobacillus plantarum species, one of the principal groups of
the facultatively heterofermentative lactobacilli in the nonstarter microbial flora isolated from most cheeses was
characterized in the Lighvan cheese with 4 month ripening
period. In this study, we succeeded in differentiating L.
pentosus, L. paraplantarum and L. plantarum by recA gene
sequencing comparison. The sizes of amplicon were 318 bp for
L. plantarum, 218 bp for L. pentosus, , and 107 bp for L.
paraplantarum. Based on the results obtained in this
investigation using recA gene, 86% of lactobacilli isolates were
classified as L. pentosus and 14% as L. plantarum. Moreover
the development of the FHL in Lighvan cheese varied

II. MATERIALS AND METHODS
A. Sampling
Eight batches of Lighvan cheese with 4 month ripening
period were purchased from the local shops. Ten grams of
each sample was homogenized in 9o ml sterile normal saline
solution and serial dilutions were made in the same solution
then plated on the sorbitol agar as duplicate plates and
incubated at 37°C for 3 days.

according to ripening time.
Keywords: Lighvan cheese; Lactobacillus plantarum; PCR;
recA gene.

I. INTRODUCTION
Mesophilic lactobacilli constitute the majority of the nonstarter lactic acid bacteria (NSLAB) present in most types of
cheese. These lactobacilli commonly include Lactobacillus
plantarum, L. sake, L. curvatus, L. casei, L. paracasei,
L.pentosus and L. paraplantarum [5; 17]. They may have
been entered adventitiously from milk and the immediate
surroundings during cheese processing [12]. It is well known
that the mesophilic lactobacilli play an important role during
the ripening of cheese. The cheese ripening is a very
complex and slow biochemical process that involves three
primary reactions: glycolysis, lipolysis and proteolysis.
These bacteria may be involved in proteolysis and in amino
acid catabolism. Therefore, in recent years much attention
has been focused on them as a means of accelerating cheese
maturation considering the role that their proteolytic system
and other hydrolytic enzymes might have a role in the
development of cheese flavor and texture [10]. NSLAB
including afore-mentioned bacteria reach a high number of
viable cells during ripening. In Comté and Cheddar cheese
the initially small population of occasional NSLAB

B. Isolation
Cloning of 30 numbers, different in shape, size and
diameter on the sorbitol agar plates were chosen at random
that after doing the Gram, spore and catalase tests and
microscopic observation, Gram positive, nonsporforming
and catalase negative rods were subcultured on MRS at 37°C.
The pure cultures were frozen and stored at -80°C in MRS
broth containing 50% glycerol for further analysis.
C. Phenotypic characterization
Gram-positive and catalase negative rods were analyzed
for their ability to grow in MRS broth at 15°C for 7 days and
at 45°C for 3 days. Also ability to produce Co2 from glucose
was assayed by subculturing the isolates in MRS broth tubes
containing Durham bells. Fermentation of carbohydrates was
determined on MRS broth without glucose and meat extract
containing bromocresol purple (0.05 gl-1) as a pH indicator
and supplemented with 1% of the following carbohydrates;
ribose, lactose, xylose, arabinose, sorbitol, melezitose,
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elongation at 72°C, 10s. The PCR reaction was terminated at
72°C for 10 min thereafter cooled to 4°C.
3) Gel electerophoresis
Gel electerophoresis was carried out by applying 5 μ l of
the sample to 2% agarose gel. The gels were run for
approximately 40 min at 80 V in 1 × TBE buffer. Gel was
then stained in ethidium bromide and thereafter washed for
10 min and visualized with an UV transilluminator.

melibiose, raffinose, gluconate, mannose, manitol, cellebiose,
and trehalose at 37°C for 7 days [Two replicate tests were
carried out for each isolated strain].
D. Genotypic characterization
1) DNA preparation
Genomic DNA of Lactobacillus species was extracted as
described by Chagnaud et al. [16], but with the following
modification: lactobacilli cells was resuspended in 500 μl of
lysis buffer (4 mg/mL lysozyme; 12% PEG 6000; 10 Mm
Tris-Hcl, pH 8).
2) Species-specific PCR
Identification of L. plantarum group species was
performed by amplification of recA gene. The primers used
were paraF (5'-GTC ACA GGC ATT ACG AAA AC-3'),
pentF (5'-CAG TGG CGC GGT TGA TAT C-3'), planF (5'CCG TTT ATG sCGG AAC ACC TA-3'), and pREV (5'TCG GGA TTA CCA AAC ATC AC-3') [21]. For PCR

III. RESULTS AND DISCUSSION
The results of the total count of lactobacilli on the
sorbitol agar shows that a remarkable number of lactobacilli
existing in the cheese samples. These results were compared
to the results of abdi et al. [18] in which it was shown that
the total lactobacilli were highest among the other isolates.
To the extent that the aim of this project was not to identify
the proportion of lactobacilli count to the total NSLAB count,
the culture was made on the lactobacilli selective agar just to
isolate the genus of lactobacillus. The results of the preliminary
characterization of L. plantarum species isolated from
Lighvan cheese with 4 month ripening period are shown in
the Table 1.

μ

amplification 50 ng of genomic DNA was added to 15 l
PCR mixture containing 1 U μ l-1 of Taq polymerase, 2.5
Mm Mgcl2, 0.2 mM of each dNTP and 1X buffer. PCR was
performed with initial temperature at 94°C, 3min, 30 cycles
of denaturation at 94°C (30s), annealing at 56.8°C (10s) and

TABLE 1. MORPHOLOGICAL, CULTURAL AND PHYSIOLOGICAL CHARACTERISTICS OF THE ISOLATED STRAINS.
Strains

Characteristics
Colony
properties

color
shape
diameter

Cell morphology

Gram strain
Spore formation
Catalase activity
Gas production from
glucose
Growth at different
temperature

A3

White
amorphous
3 mm
Single,
pair rounded
rods

H5

A5

White
lentiform,
>1 mm

Single, pair
rounded rods

White
lentiform,
2.5mm

Single, pair
rounded rods

D1

White
amorphous
2 mm

Single, pair
rounded rods

H4

C4

Milky
Lentiform
2mm

White
circular
1.5 mm

Single, pair
rounded rods

Single, pair
rounded rods

+
-

+
-

+
-

+
-

+
-

+
-

-

-

-

-

-

-

15 C +

+

+

+

+

+

45°C -

-

-

-

-

-

°

According to the Bergey’s manual, all the rod shape,
Gram positive, catalase negative and nonsporforming
isolates were related to the genus Lactobacillus (Table1) [15].
In addition, since all isolates could grow only at 15°C, they
belonged to the mesophilic lactobacilli group. Also, the pH
TABLE 2.

The alphabets in the Tables belongs to each cheese batch used in the experiments.
+: positive reaction
- : negative reaction

value of tested fermentation medium was reduced but no gas
bubble was seen in the Durham tube. It could be therefore
concluded that the isolates belong to the FHL group. The
results of the sugar fermentation performed to identify
related species are shown in Table 2.

RESULTS OF THE BIOCHEMICAL CHARACTERIZATION OF THE STRAINS.
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Lactose

Sorbitol

Mannose

Manitol

Xylose

Raffinose

Melibiose

Melezitose

Ribose

Gluconate

Cellebiose

Terhalose

Arabinose

strains

A3

-

+

+

+

+

-

+

+

-

+

+

+

+

H5

-

+

+

+

+

+

+

+

-

+

+

+

+

A5

-

+

+

+

+

+

+

+

-

+

+

+

+

D1

-

+

+

+

+

-

+

+

-

+

+

+

+

H4

-

+

+

+

+

-

+

+

-

+

+

+

+

C4

-

+

+

+

+

-

+

+

-

+

+

+

+

According to the Bergey’s manual the D1, H5, A3, A5,
H4 and C4 isolates are classified as L. plantarum group
species [15].
The genetic heterogeneity of the L. plantarum group has
been demonstrated by Dellaglio et al. [9] on the basis of
DNA-DNA hybridization data. In their study, three groups
identified which were later classified as L. plantarum, L.
pentosus and L. paraplantarum.
Despite the importance of these species for the
production of plant, animal and fish fermented foods, their
precise identification is complicated by ambiguous response
of traditional physiological tests which lead to limitation in
their industrial applications. The species L. plantarum, L.
pentosus and L. paraplantarum are genotypically closely
(100bp) M 1

2

3 4 5 6

related and show highly similar phenotypes. For instance L.
pentosus can be distinguished from L. plantarum by its
ability to produce acid from D- xylose and L- arabinose [2].
However, these phenotypic characteristics are not sufficient
to distinguish L. pentousus from L. plantarum because some
strains ferment arabinose but not xylose or both. This
problem in definite identification of these species has been
mentioned by some researchers like Bringel et al. [8] and
Osawa et al. [19] In this study, we succeeded in
differentiating L. pentosus, L. paraplantarum and L.
plantarum by means of recA gene sequencing comparison
[21] (Fig. 1). The sizes of amplicon are 318 bp for L.
plantarum, 218 bp for L. pentosus and 107 bp for L.
paraplantarum [11].

7 8

(100bp) M 1

218

318

(a)

(b)

2 3 4 5 6

7 8

(100bp) M 1 2 3 4 5 6 7 8

107

(c)
Figure 1. Amplification products obtained from the recA PCR species-specific test. (a) pentF/ pREV primer; (b) planF/ pREV primer and (c) .paraF/
pREV primers. M; DNA molecular weight markers (100 bp), lane 1; L. plantarum (positive control), lanes 2-7; A3, H5, A5, D1, H4, and C4 strains.
lane 8; water (negative control).
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Rec A is a small proteinn (352 amino acids in Eschherichia
coli) implicatted in homoloogous DNA recombination
r
n, SOS
induction, annd DNA dam
mage-induced mutagenesiss. This
panoply of fuunctions impliees multiple biiochemical acttivities,
including DN
NA binding (doouble and singgle stranded), pairing
and exchangee of homologgous DNA, ATP
A
hydrolysis, and
coproteolitic cleavage
c
of thhe Lex A, lc I, and Umu D proteins
p
[1]. Due to itss fundamentall role, the recA
A gene is ubiqquitous,
and its gene product has bbeen proposeed as a phylogenetic
d
relateed species. Some
S
other methods
m
marker for distantly
used by som
me investigatoors for distinnguishing of aforementioned sppecies and theeir comparisonns to the appllication
of recA gene are as followss;
a [3] showeed that due to
o high similaarity in
Curk et al.
structure, fouurier transform
m infrared (FT
TIR) spectrosccopy of
lactobacilli from
fr
breweriees was not able
a
to differrentiate
spectra from
m L. plantaruum and L. pentosus.
p
Hoowever,
Bringel et al. [8] and Torriani et al. [21] could get sattisfying
uthern type hhybridization bya
b pyr DEF probe,
results by sou
randomly ampplified polymoorphic DNA-P
PCR, and AFL
LP, but
such methodds are not suuitable for rooutine identiffication
requirements. The difficultyy of correct iddentification of
o these
i
in som
me of their pro
operties,
species and thhe increasing interest
e.g. probioticc activity [4] and tannin degradation
d
[119], we
need a simplle, rapid and reliable moleecular methodd for a
definite differrentiation of L.
L plantarum,, L. pentosus and L.
p
paraplantarum
m from one annother. PCR using
u
species-sspecific
oligonucleotiddes designed based on phyylogenetic moolecular
markers could
d be a usefull approach, sinnce these moolecules
are ubiquitouus and relativvely highly conserved.
c
For this
purpose, 16S
S ribosomal DNA
D
sequencces are not suitable
s
because of thhe high idenntity value (›99%) shared by L.
p
plantarum
andd L. pentosus [6].
Consequenntly, definitenness phylogenetic distancees was
also not feaasible by succh a classicaal approach for L.
p
plantarum
grooup species. Therefore,
T
it was
w proposed that
t the
recA gene coould be used aas a phylogeneetic marker, ass it has
already given
n satisfying reesults for maany bacterial genera,
g
including bifiidobacteria [13]. Based on the results obbtained
in this investtigation using recA gene, 86% of Lactoobacilli
isolates are classified ass L. pentosuus and 14% as L.
p
plantarum,
buut the majorityy of other studdies performedd on the
other cheese types made fr
from ewe’s raw
w milk like Lighvan
L
s
are dom
minate. For innstance
cheese showeed the other strains
the results obttained from thhe study carrieed out by Østille et al.
[14] shows thhat L. paracaseei dominated.
By compaaring the resuults of this sttudy with thee aforementioned results, it couldd be concludeed that uniquee flavor
c
are due
d
to the cheese
properties inn Lighvan cheese
physicochemiical propertiess (semi hard with 59% mo
oisture,
4.08%Nacl annd pH=3.9), aage of cheese, animal feedd, ewe’s
breed and cheese
c
makinng environmeental contamiination.
Since Lighvann cheese has a special flavoor among the Irranians’
traditional chheese types, we
w suggest thhat other researchers
investigate thhe influence of
o NSLAB on
o flavor duriing the
whole ripeninng period usingg recA gene.
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