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Ninety-five isolated strains of Lactic acid bacteria (LAB) were identified from Lighvan cheese. The LAB
evolution showed the dominance of lactococci and lactobacilli in the first stage and substitution of these
genera by enterococci at the end of ripening. The most predominant strains were Enterococcus faecium
(22.44%), Lactococcus lactis ssp. lactis (20.4%), Lactobacillus plantarum (18.36%) and E. faecalis
(14.28%), respectively. Eleven and 51 different carbohydrate fermentation profiles were observed
according to API 20 STREP and API 50 CH, respectively. API 20 STREP dendogram showed identical
fermentation profiles of some E. faecalis and E. faecium strains, indicating that these strains might be
well adapted to the whole cheese manufacture.
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INTRODUCT ION

The impact of lactic flora on the sensory and physi-
cal properties of different raw milk cheeses has
been investigated by others worldwide. The find-
ings of such investigations aimed at industrialising
traditionally produced raw milk cheeses. Investiga-
tion into the microbiota of Iranian raw milk
cheeses has been addressed rarely (Barouei et al.
2008; Navidghasemizad et al. 2009). Lactic acid
bacteria (LAB) play an important role in develop-
ing cheese flavour, whether added as a starter cul-
ture or present as an indigenous flora. That is why
these bacteria are important from a technological
point of view. Moreover, some particular LAB,
such as Enterococcus faecalis, E. faecium, Lacto-
bacillus curvatus, L. paracasei ssp. paracasei and
Lac. lactis ssp. lactis, have been claimed to have
the ability of bacteriocin production (Caridi 2003).
Owing to the consistent presence of enterococci

genus in different types of cheeses, the impact and
influence of enterococci on cheese manufacture
has been investigated. There are some contradic-
tory opinions about this group of LAB. Some
researchers proved the positive effect of E. faecalis
var. liquefaciens in the quality of Roquefort cheese
(Devoyod 1969; Devoyod and Muller1969). Devo-
yod and Desmazeaud (1971) found a beneficial

effect of enterococci on other LAB growth. On the
other hand, bacteriocin production (enterocins) by
enterococci has a controlling effect on pathogens
and biogenic amines–producing bacteria such as
some lactobacilli in cheese (Farias et al. 1994;
Giraffa 1995; Aymerich et al. 1996; Joosten and
Nunez 1996). In contrast, some negative effects of
enterococci on cheese quality and health have been
reported. Salvadori (1969) found the development
of bitter flavour because of the application of
E. faecalis as a starter in the production of Gorgon-
zola cheese. Because of their role in ripening, fla-
vour development and bacteriocin production in
cheese, it has been suggested that enterococci with
desirable technological and metabolic traits could
be included in starter cultures of various cheeses
(Foulquie Moreno et al. 2006).
Technologically, the utilisation of starter cultures

in cheese production will end up with consistent
quality but it is most likely to result in product with
limited flavour. On the other hand, consumers prefer
dairy products with original taste. Hence, explora-
tionofwild strains existing innatureand traditionally
fermented foods is being of interest for manufactur-
ing novel dairy products with original taste. Raw
milk cheeses produced traditionally have this poten-
tial for the isolation of new strains for exploiting in
dairy industry (Navidghasemizad et al.2009).
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Among several raw milk cheeses in Iran, Lighvan cheese
represents the most popular traditional cheese made from raw
sheep’s milk. The chemical composition of the cheesemilk
being used in Lighvan cheese production is illustrated in
Table 1 (Kafili et al. 2009). Somatic cells in such milk were
<500 000 ⁄mL (data not shown). This cheese is categorised as a
semisoft cheese with a desired sour taste, cream colour, high fat
content and crumbly texture.
This study was carried out taking into account previously

published works. In this study, the biodiversity of LAB and
their evolution during four different stages mainly affecting
cheese production were monitored, and more specific and accu-
rate phenotypic methods, namely API 50CHL and API 20
Strep, were used to identify and classify LAB by constructing
dendograms. To our knowledge, such studies on Lighvan
cheese have not yet been attempted so far. However, this article
does not provide any information on spoilage or pathogenic
micro-organisms of Lighvan cheese: such information will be
published in a further paper.
The objective of this study was to explore and identify the

native LAB and their evolution in Lighvan cheese using tradi-
tional and culture-dependent methods, especially API 50 CHL
and API 20 STREP Kits with the aim of introducing a starter
cultures with known, predictable and stable characteristics for
producing Lighvan cheese with typical flavour on an industrial
scale, because future growth and economic vitality of dairy
industry depend on starter cultures.

MATER IALS AND METHODS

Sampling
Samples were collected from the region (Lighvan valley, Tab-
riz, East Azerbaijan, Iran) from 10 local dairy plants randomly
in summer (2009). Samples were taken from four different
stages (milk, curd, fresh cheese 1 day old and ripened cheese
3 months old). Samples were then transferred to the laboratory
under refrigeration.

Cheese manufacture
Lighvan cheese is produced in a village with the same name in
a region of East Azerbaijan province in some small local dairies

(Kafili et al. 2009; Navidghasemizad et al. 2009). Milk was
cooled to 28–32 �C depending on the season, immediately after
milking. No starter was used in the production of this cheese,
and only natural lamb rennet or commercial microbial rennet
was added for the curdling of milk. The curd was then cut and
drained using cheesecloth and pressure. The produced curd was
put in high salt brine (22%) for 24 h, followed by a ripening in
less salted brine (12%) at 10–12 �C for at least 3 months. Rip-
ening period took place in underground caves that naturally
have cold temperature.

Isolation and identification of isolates

Preparation of milk, curd and cheese samples
For milk samples, decimal dilutions were prepared directly in
0.1% sterile peptone water, and regarding the curd and
cheese samples, 25 g sample was added to 225 mL sterile
sodium citrate solution (2% w ⁄v). This mixture was trans-
ferred to a stomacher bag and was homogenised in a Stom-
acher homogeniser (Type 400; Seward, London, UK).
Isolation and colony counts were made on the following
media: MRS Agar (Merck) for the isolation of lactobacilli,
M17 for lactococci, MRS Agar + vancomycin (20 lg ⁄mL)
for leuconostocs and Kanamycin aesculin azid agar (KAA)
for enterococci. The aforementioned process for all strains
was carried out in duplicate. Finally, plates were incubated
anaerobically (Gas-pack system) at 30, 37 and 42 �C. The
incubation period varied between 24–48 and 72 h depending
on the bacteria groups. Counting was conducted only for
those plates containing 30–300 colonies and from plates cor-
responding to the highest dilution. Four to five different colo-
nies (according to shape, size and colour) were selected
randomly. Then, they were purified two or three times on the
same media. Single colonies from each plate were examined
by Gram staining and for catalase production and micro-
scopic morphology. Finally, only Gram-positive, catalase-
negative isolates were considered and stored in MRS broth
containing 20% glycerol and were freeze-dried. Totally, about
100 isolates from different samples (milk, curd, fresh and
ripened cheese) were subjected to further biochemical and
confirmatory tests.

Table 1 Average results of basic chemical parameters of the cheese milk, curd and Lighvan cheese samples throughout manufacturing and ripening

Parameters

Stage during manufacturing and ripening

Milk Curd 30 days 45 days 75 days 90 days

Total solids (%) 19.70 ± 2.98 25.23 ± 1.03 37.63 ± 1.10 37.86 ± 1.50 38.48 ± 0.91 40.10 ± 2.40
Fat (%) 7.94 ± 0.70 12.50 ± 0.91 18.45 ± 0.77 17.66 ± 1.35 19.35 ± 1.56 20.30 ± 2.01
Protein (%) 5.73 ± 0.84 9.70 ± 0.57 15.30 ± 0.71 14.90 ± 0.52 16.00 ± 0.69 15.64 ± 0.88
pH 6.58 ± 0.11 4.87 ± 0.21 5.30 ± 0.22 5.45 ± 0.28 5.33 ± 0.16 5.02 ± 0.32
NaCl (%) – – 3.84 ± 0.26 3.87 ± 0.38 3.96 ± 0.19 4.21 ± 0.43
Average S ⁄M (%) – – 10.20 10.22 10.29 10.50

–, not determined; S ⁄M, salt in moisture.
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Biochemical and confirmatory tests
After confirming the catalase-negative and Gram-positive tests
for each single and pure colony, morphology of bacilli or cocci
was determined by microscopic observation. Then, growth at
10 and 45 �C, growth at 6.5% salt, pH = 9.6, L-arginine hydro-
lysis with Nessler’s reagent, aesculin hydrolysis, production of
CO2 from glucose in MRS broth (with Durham tubes), citrate
utilisation in Simon citrate Agar and Voges–Proskauer test in
MR-VP medium were conducted as confirmatory tests.
Gram-positive, catalase-negative homofermentative cocci

capable of growing at 10 �C and pH 9.6 but not at 45 �C or in
6.5% NaCl were considered as lactococci. For typing to species
level, API 50 CHL strips with 50 CHL medium (Biomeriux,
Montalieu-Verciue, France) were used. After identification of
all isolates at genus level with biochemical and confirmatory
tests, carbohydrate fermentation test was performed using API
50 CH for colonies from MRS, MRS + vancomycin and M17
and API 20 STREP for colonies from KAA according to manu-
facturer’s procedure.
Carbohydrate fermentation profile: The fermentation profile

of 49 sugars and polyalcohols was recorded using the API 50-
CHL system (BioMerieux) according to the manufacturer’s
instructions. Also API 20 STREP system was used for those
isolates that have been confirmed as enterococci by the confir-
matory tests.

Statistical analysis
Profiles obtained with a given technique were compared to each
other by the simple matching coefficient and clustered using
the unweighted pair groups average linkage analysis (UPGMA)
(Multi-variate Statistical Package program).

RESULTS AND DISCUSS ION

The distribution of LAB isolated from different media for Ligh-
van (at four steps) is presented in Table 2. This table gives us
some information about the selectivity and suitability of the dif-
ferent media for LAB. MRS agar has been suitable for lactoba-
cilli, and this genus was significantly dominant (22 ⁄33).

Similar findings were also reported for Tulum cheese (Gurses
and Erdogan 2006). On the other hand, other genus such as
Lactococcus (3 ⁄33), Enterococcus (4 ⁄33), Pediococcus (3 ⁄33)
and Leuconostoc (1 ⁄33) were found in this medium. Other
workers have also reported the growth of Lactobacillus and
Lactococcus more than other genera in this medium, which
confirms the usefulness of MRS for isolating species of this
genus (Lopez-Diaz et al. 2000). More than half (22 of 33) of
the isolates on MRS medium were lactobacilli, and the others
were coccal-shaped cells. The growth of cocci in MRS can be
explained by the low selectivity of this medium, as it has been
reported elsewhere (Caridi 2003).
Fox et al. (2000) reported the good selectivity of M17 agar

for the isolation of lactococci. In our study, the majority of
strains isolated from M17 were also lactococci (18 ⁄30). In
contrast to our results, Navidghasemizad et al. (2009) showed
that the most of the strains isolated from M17 medium were
enterococci. Almost all of the 30 isolates on M17 agar were
coccal-shaped LAB, including Lactococcus (18 ⁄30), Entero-
coccus (10 ⁄30) and Pediococcus (1 ⁄30). The remaining isolate
was Lactobacillus (1 ⁄30). The usefulness of this medium has
been proven by other researchers (Lopez-Diaz et al. 2000).
Kanamycin aesculin azid agar showed high selectivity for

Enterococcus spp. (18 ⁄22). The majority of enterococci were
isolated from PCA agar from Tulum cheese (Gurses and Erdo-
gan 2006).
MRS supplemented with vancomycin is a suitable and selec-

tive medium for Leuconostoc spp. because of the high resis-
tance of Leuconostocs against this antibiotic. However, other
LAB such as many lactobacilli species can grow on this med-
ium (Table 2) (Fox et al. 2000).
As shown in Table 3, in MRS medium, the number of colo-

nies increased from milk to curd and after that decreased until
ripened cheese. In MRS + vancomycin, no consistent increas-
ing or decreasing trend from milk to the ripened cheese was
observed. In M17, there was an increasing trend from milk to
curd only at 37 �C. In KAA, the increasing trend was seen from
milk to fresh cheese and after that this trend decreased to
ripened cheese at 45 �C.

Table 2 Distribution of LAB isolated from different media during processing from milk to ripened Lighvan cheese

Genus

Media and incubation temperature(�C)

MRS MRS + vancomycin M17 KAA

Total30 37 45 30 37 45 30 37 45 30 37 45

Lactobacillus 10 10 2 6 3 – 1 – – – – – 32
Lactococcus 1 2 – – – – 4 7 7 2 1 1 25
Enterococcus 2 2 – – – – 4 2 4 5 4 9 32
Pediococcus 2 1 – – – – – 1 – – – – 4
Leuconostoc – 1 – 1 – – – – – – – – 2
Total 15 16 2 7 3 – 9 10 11 7 5 10 95

LAB, lactic acid bacteria.
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Table 4 shows the biochemical characterisation of the LAB
isolates from different stages of Lighvan cheese. Among the
lactobacilli, only one species could grow at high temperature
and 6.5% salt. All lactobacilli showed the ability of growth at
pH 9.6, and none of them grew in the VP medium. The only
heterofermentative Lactobacillus species was L. brevis. Among
the cocci, only enterococci showed the ability of growth at high
temperatures and at pH 9.6. All of the cocci showed growth at
15 �C. Lactococcus lactis ssp. lactis and Leuconostoc lactis did
not grow at high concentration of salt (6.5%). Two heterofer-
mentative species were Leu. lactis and Leu. mesenteroides. All
of the cocci could grow in the VP medium except

Leu. mesenteroides. Arginine hydrolysis was negative for
Leu. lactis and Leu. mesenteroides.
Figure 1 shows the evolution of each genus during different

stages in order to help us to understand the role of each of these
species. In milk, enterococci were dominant and after that lacto-
bacilli and lactococci followed by pediococci with lower pro-
portions. During the ripening in next stages, enterococci and to
a lesser extent lactobacilli showed the increasing trend but lac-
tococci became lower. This phenomenon sounds logical
because in most types of cheeses, similar trend has been seen.
In first stage of processing, lactococci that are the responsible
for milk acidification are predominant and progress until the

Table 3 Log colony-forming unit (cfu ⁄mL and Log cfu ⁄ g) and standard deviation of lactic acid bacteria present in Lighvan cheese at four different
stages (milk, curd, fresh and ripened cheese)

Media
Incubation
temperature (�C)

Product

Milk Curd Fresh cheese Ripened cheese

MRS 30 6.82 ± 0.02a 7.68 ± 0.3 6.50 ± 0.04 5.92 ± 0.03
37 7.08 ± 0.12 7.91 ± 0.01 7.86 ± 0.01 6.62 ± 0.03
45 4.65 ± 0.04 5.82 ± 0.02 5.86 ± 0.24 <1

MRS + vancomycin 30 6.10 ± 0.09 5.57 ± 0.04 7.12 ± 0.07 5.64 ± 0.06
37 6.28 ± 0.15 5.74 ± 0.07 7.36 ± 0.06 6.07 ± 0.09
45 <1a <1 <1 <1

M17 30 6.43 ± 0.05 7.58 ± 0.15 6.43 ± 0.05 7.08 ± 0.12
37 6.56 ± 0.07 7.2 ± 0.14 7.08 ± 0.12 7.38 ± 0.12
45 <1 <1 6.88 ± 0.16 7.62 ± 0.03

KAA 30 6.55 ± 0.06 6.67 ± 0.02 6.24 ± 0.1 <6
37 5.88 ± 0.16 6.23 ± 0.09 5.79 ± 0.14 <6
45 6.00 ± 0.23 6.44 ± 0.04 6.52 ± 0.02 5.08 ± 0.12

KAA, Kanamycin aesculin azid agar.
aLog colony-forming unit (Log cfu ⁄mL, Log cfu ⁄ g) in these cases was lower than 1.
Std (standard deviation of two replicates from each observation).

Table 4 Biochemical characteristics of the LAB isolated from Lighvan cheese at different stages from milk to ripened cheese

Strains
Growth
at 15 �C

Growth
at 45 �C

Growth
at 6.5% NaCl

Growth
at pH 9.6

CO2 from
glucose

VP
test

Arginine
hydrolysis

Citrate
utilisation

Lactobacillus plantarum + ) + ⁄ ) + ) ) ) )
L. paracasei ssp. paracasei + ) ) + ) ) ) )
L. brevis + ) ) + ⁄ ) + ) + )
L. delbrueckii ssp. delbrueckii ) + + + ) ) ) )
L. fructivorans ) + ⁄ ) ) + ) ) ) )
Lactococcus lactis ssp. lactis + ) ) ) ) + + )
Lac. lactis ssp. cremoris + ) ) ) ) + + +
Leu. lactis + ) ) ) + + ) )
Leuconostoc mesenteroides + ) + ⁄ ) ) + ) ) )
Pediococcus pentosaceus + ) + ) ) + + )
Enterococcus faecalis + + + + ) + + )
E. faecium + + + + ) + + )
E. durans + + + + ) + + )

+, positive reaction; ), negative reaction; LAB, lactic acid bacteria.
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formation of curd. In following steps, the other LAB such as
enterococci and lactobacilli become dominant.
Table 5 shows the distribution of LAB species found in our

cheese samples in different stages of production. Lactobacillus
genus (33.68%) comprised the L. plantarum (20.00%) the most
dominant, followed by L. paracasei ssp. paracasei (7.36%),
L. brevis (3.15%), L. delbrueckii ssp. delbrueckii (2.10%) and
L. fructivorans (1.05%) in all production stages. Generally,
Lactobacillus genus had an increasing trend from milk
(26.08%) to curd (43.47%) and thereafter presented a declining
trend until the ripening stage (19.23%). Lactobacillus planta-
rum was the only species identified in all stages. Lactobacillus

brevis did not change significantly during the ripening stage.
Gurses and Erdogan (2006) showed similar results for L. brevis
and L. curvatus in their research. Leuconostoc mesenteroides
and Leu. lactis were detected in curd and ripened cheese,
respectively. Lactococcus lactis ssp. lactis constituted 26.08%
of the micro-organisms in milk and curd samples, and after that
they decreased in ripened cheese. Similar trend was seen in
Tulum cheese (Gurses and Erdogan 2006). Pediococcus pento-
saceus was found only in milk and fresh cheese stages. Finally,
a wide variety of Enterococcus was found in our samples,
particularly E. faecalis and E. faecium were the predominant
species (15.78%). Enterococcus faecalis is a common species
that isolated frequently from different cheese varieties such as
Feta, Manchego, Teleme, Comte, Fontina, Serra and Cebreiro
(Centeno et al. 1999; Lopez-Diaz et al. 2000; Sarantinopoulos
et al. 2002; Giraffa 2003; Marino et al. 2003).

Carbohydrate fermentation profiles
Table 6 shows some of the selected colonies that were exam-
ined phenotypically using API 20 STREP. As seen, aesculin
hydrolysis and L-arginine hydrolysis for all enterococci were
positive. Acid production from D-ribose, D-lactose and D-treha-
lose for all of the selected E. faecalis, E. faecium and E. durans
was positive. None of the enterococci could produce acid from
glycogen. For other carbohydrates, different species showed
different fermentation profile. Only E. faecalis could produce
acid from D-sorbitol (15 ⁄15) and starch (9 ⁄15) (Table 6).
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Figure 1 Evolution of genera of lactic acid bacteria during manufacture of
Lighvan cheese.

Table 5 Distribution of LAB during ripening from milk to ripened 3 months Lighvan cheese (according to phenotypic characterisation)

Type of lactic acid bacteria

Production stages

Total number
(%)Milk (%) Curd (%)

Fresh cheese
(1-day-old cheese) (%)

Ripened cheese
(3-month-old cheese) (%)

Lactobacillus spp. 6 (26.08) 10 (43.47) 11 (47.82) 5 (19.23) 32 (33.68)
L. plantarum 4 (17.39) 5 (21.73) 8 (34.78) 2 (7.69) 19 (20.00)
L. brevis 1 (4.34) – 1 (4.34) 1 (3.84) 3 (3.15)
L. paracasei ssp. paracasei 1 (4.34) 3 (13.04) 1 (4.34) 2 (7.69) 7 (7.36)
L. delbrueckii ssp. delbrueckii – 2 (8.69) – – 2 (2.10)
L. fructivorans – – 1 (4.34) – 1 (1.05)
Leuconostocs spp. – 1 (4.34) – 1 (3.84) 2 (2.10)
Leuconostoc mesenteroides – 1 (4.34) – – 1 (1.05)
Leu. lactis – – – 1 (3.84) 1 (1.05)
Lactococcus spp. 6 (26.08) 6 (26.08) 9 (39.13) 4 (15.38) 25 (26.31)
Lac. lactis ssp. lactis 6 (26.08) 6 (26.08) 8 (34.78) 4 (15.38) 24 (25.26)
Lac. lactis ssp. cremoris – – 1 (4.34) – 1 (1.05)
Pediococcus spp. 3 (13.04) – 1 (4.34) – 4 (4.21)
Pediococcus pentosaceus 3 (13.04) – 1 (4.34) – 4 (4.21)
Enterococcus spp. 8 (34.78) 6 (26.08) 2 (8.69) 16 (61.53) 32 (33.68)
Enterococcus faecium 3 (13.04) 2 (8.69) 1 (4.34) 9 (34.61) 15 (15.78)
E. faecalis 5 (21.73) 4 (17.39) 1 (4.34) 5 (19.23) 15 (15.78)
E. durans – – – 2 (7.69) 2 (2.10)
Total 23 (100) 23 (100) 23 (100) 26 (100) 95 (100)

LAB, lactic acid bacteria.
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Among all of the colonies from different media, one Lac. lactis
ssp. cremoris and three Lac. lactis ssp. lactis isolates were
detected using API 20 STREP.

In total, 11 different carbohydrate fermentation profiles were
observed (Fig. 2). When subjected to statistical analysis, they
showed a high degree of similarity. The dendogram obtained

Table 6 Phenotypical profiles of some Enterococci and Lactococci isolated from different stages of Lighvan cheese according to API 20 STREP

Characteristics
Enterococcus
faecalis (15)a

E. faecium
(15)

E. durans
(2)

Lactococcus
lactis ssp. cremoris (1)

L. lactis ssp.
lactis (3)

Aesculin hydrolysis 15b 15 2 0 3
L-Arginine hydrolysis 15 15 2 0 3
Growth on NaCl 6.5% 15 15 2 0 0
Growth at 45 �C 15 15 2 0 0
Acid from

D-Ribose 15 15 2 1 3
L-Arabinose 4 14 0 0 1
D-Mannitol 15 15 0 1 3
D-Sorbitol 15 4 0 0 0
D-Lactose 15 15 2 1 3
D-Trehalose 15 15 2 1 3
Inulin 0 4 0 0 0
D-Raffinose 0 6 0 0 0
Starch 9 0 0 0 0
Glycogen 0 0 0 0 0

aNumber of strains investigated.
bNumber of positive strains.

Ent.faecium M13(3)
Ent.faecium C31
Ent.faecium LR59
Ent.faecium LR61
Ent.faecium M13(4)
Ent.faecium C32
Ent.faecium LR69
Ent.faecium LR70
Ent.faecium LR76
Ent.faecium LR78
Ent.faecium LR81
Ent.faecium LR82
Ent.faecium LR83
Ent.faecium M13(5)
Lac.lactis lactis LF5
Ent.durans LR68
Ent.durans LR80
Lac.lactis ssp lactis 
Lac.lactis ssp lactis 
Ent.faecalis M13(6)
Ent.faecalis M13(10)
Ent.faecalis C35
Ent.faecalis LR58
Ent.faecalis LR71
Ent.faecalis M13(7)
Ent.faecalis M13(9)
Ent.faecalis C18
Ent.faecalis C33
Ent.faecalis LF45
Ent.faecalis LR72
Ent.faecalis M13(8)
Ent.faecalis C34
Ent.faecalis LR65
 Ent.faecalis LR75
Ent.faecium LF57(3)
Lac.lactis cremoris 

0.76 0.8 0.84 0.88 0.92 0.96 1

Figure 2 Homology tree dendogram of the carbohydrate fermentation profiles obtained with the API 20 STREP system. The similarity matrix of the profiles
was subjected to cluster analysis by the unweighted pair groups average linkage analysis clustering method (using the simple matching coefficient). Vertical
lines of the dendogram represent the degree of similarity shared by the groups connected by the lines. Codes: M (Milk), C (Curd), LF (Lighvan Fresh cheese),
LR (Lighvan Ripened cheese).
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after UPGMA analysis is shown in Fig. 2. We can conclude
that those isolates or strains have identical vertical line; they
have similar carbohydrate fermentation profiles. Also, this
dendogram shows that some strains from different production

stages have been located in the same vertical line (e.g. E. fae-
calis LR72, E. faecalis LF45, E. faecalis C33 and E. faecalis
M13). This means that these strains can survive during the
manufacture, so we can apply them as starter cultures.

Table 7 Carbohydrate fermentation differences between species obtained with the API 50-CHL system

Sugar profiles

Number of isolates in all stages of production

Lactobacillus
plantarum
(18)

L. brevis
(3)

L. paracasei
ssp.
paracasei (7)

L. delbrueckii
ssp.
delbrueckii (2)

L. fructivorans
(1)

Leuconostoc
mesenteoides
(1)

L. lactis
(1)

L. lactis
ssp. lactis
(20)

Pediococcuc
pentosaseus (4)

Glycerol (1)a (1) (2) ) ) ) ) (4) (2)
D-Arabinose ) ) 1 (1) ) ) ) ) )
L-Arabinose (11) + (2) ) ) ) ) (15) (1)
D-Ribose + + + ) ) ) ) (19) +
D-xylose ) (2) ) ) ) ) ) (1) )
D-Galactose + + + + ) ) + + +
D-Glucose (17) + + ) + + + + +
D-Fructose + + + ) ) ) + + +
D-Mannose + (2) + + ) ) + + +
L-Sorbose ) ) (1) ) ) ) ) ) )
L-Rhamnose (1) ) ) ) ) ) ) (1) )
Dulcitol (1) ) ) ) ) ) ) ) )
Inositol ) ) (1) ) ) ) ) ) )
D-Mannitol (16) (2) + ) ) ) ) (13) (1)
D-Sorbitol (7) (1) (4) ) ) ) ) (3) )
MDMb (6) ) ) ) ) ) ) (1) )
MDGc (2) (1) ) ) ) ) ) ) )
NAGd (17) + + ) ) + + + +
Amygdalin (14) (2) + ) ) ) ) (13) +
Arbutine + (2) + ) ) ) ) + +
Esculine + + + ) ) + ) + +
Salicine + (2) + ) ) ) + + (3)
D-Cellobiose (17) (2) + + ) ) ) + +
D-Maltose + + + ) ) ) + + +
D-Lactose + + (6) ) ) + + + +
D-Melibiose (11) (2) (1) ) + ) + (10) (1)
D-Saccharose (8) (1) (6) ) ) ) + (12) (1)
D-Trehalose (12) (1) (7) ) ) ) ) (16) +
Inulin (1) ) (1) ) ) ) ) ) )
D-Melizitoze (9) (2) (5) ) ) ) ) (3) )
D-Raffinose (3) ) ) ) ) ) ) ) )
Amidon (1) ) ) ) ) ) ) (2) )
Glycogene ) ) ) ) ) ) ) (2) )
Xylitol ) ) ) ) ) ) ) (2) )
Gentiobiose (16) (2) (7) ) ) ) ) (15) +
D-Turanose (1) ) (3) ) ) ) ) ) )
D-Tagatose (5) (1) (6) ) ) ) ) (8) +
L-Arabitol ) ) (1) ) ) ) ) ) )
Gluconate (3) (1) (3) ) ) ) ) (5) )
5-Ketogluconate ) (1) ) ) ) ) ) ) )

+, positive reaction; ), negative reaction, none of the isolates fermented, erythritol, L-xylose, adonitol, methyl-bD-xylopyranoside (MDX), D-lyxose, D-fucose,
L-fucose, D-arabitol, 2-ketogluconate.
aThe numbers in parentheses correspond to the number of positive isolates in each test.
bMethyl-aD-mannopyranoside.
cMethyl-aD-glucopyranoside.
dN-acetyl glucosamine.
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Table 7 shows the carbohydrate fermentation patterns of spe-
cies from Lighvan cheese obtained with the API 50-CHL sys-
tem. None of the isolates fermented erythritol, L-xylose,
adonitol, methyl-b D-xylopyranoside, D-lyxose, D-fucose,
L-fucose, D-arabitol and 2-ketogluconate. All isolates fermented
D-glucose except L. delbrueckii ssp. delbrueckii. All strains fer-
mented D-lactose except L. delbrueckii ssp. delbrueckii and
L. fructivorans. In total, 51 different carbohydrate fermentation
profiles were observed. The dendogram obtained after UPGMA
analysis is shown in Fig. 3.
The importance of LAB in cheese production and ripening

has been investigated by many scientists. Among them, lacto-
cocci plays an important role in the acidification of milk. Lacto-
bacilli participate in the flavour improvement because of
proteolytic and lipolytic activities. Leuconostoc species and
L. brevis because of their heterofermentative property are
responsible for gas production and subsequently results in mak-
ing some holes in Lighvan cheese.

CONCLUS ION

Among ninety-five identified LAB isolated from four manufac-
turing stages, the highest number belonged to E. faecium
(22.44%), Lac. lactis ssp. lactis (20.4%), L. plantarum

(18.36%) and E. faecalis (14.28%). However, other species
shared lower percentages. The predominant genera and species
in each manufacturing stages were also identified. In milk
stage, the predominant species were Lac. lactis ssp. lactis
(26.8%), E. faecalis (21.73%) and L. plantarum (17.39%),
while in ripening stage, the most abundant species were E. fae-
cium (34.61%), E. faecalis (19.23%) and Lac. lactis ssp. lactis
(15.38%). To apply these strains at the industrial scale, more
attention should be paid to the identification of these species at
subspecies level; this will require further accurate and precise
molecular assays.
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