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Abstract – We compared a culture-dependent and a culture-independent approach for the
assessment of lactobacilli community biodiversity and evolution during the production of RDO
Camembert in three cheese-making factories. We used temperature gradient gel electrophoresis
(TGGE) to analyse total microbial DNA and DNA from single isolates. TGGE patterns of total
microbial DNA from milk and cheese showed that Lactobacillus paracasei subsp. paracasei was a
dominant species in the three factories and that Lb. plantarum was also a dominant species in one.
TGGE profiles from individual isolates confirmed that these two species were dominant, but also
detected Lb. delbrueckii susbp. lactis, Lb. acidophilus, Lb. delbrueckii susbp. bulgaricus and Lb.
casei subsp. casei. Thus, the two approaches provided complementary information.

Lactobacilli / TGGE / Camembert de Normandie cheese / culture-dependent method / culture-
independent method

Résumé – Comparaison de méthodes culture-dépendante et culture-indépendante pour
l’analyse moléculaire de la diversité des lactobacilles dans le Camembert de Normandie. La
contribution de deux approches culture-dépendante et culture-indépendante a été étudiée dans le but
d’apprécier la biodiversité et l’évolution des populations de lactobacilles au cours de la
transformation de lait cru en camembert AOC dans trois fromageries. Une analyse par
électrophorèse en gradient de température (TGGE) a été effectuée comparativement sur l’ADN
microbien total et sur l’ADN extrait à partir d’isolats. Les profils TGGE obtenus à partir de l’ADN
total de laits et de fromages ont montré que Lactobacillus paracasei subsp. paracasei était une
espèce dominante au sein des trois fromageries et que Lb. plantarum co-dominait dans l’un des trois
ateliers. Après étude des profils TGGE des isolats, ces deux espèces demeurent majoritaires mais
Lactobacillus delbrueckii susbp. lactis, Lb. acidophilus, Lb. delbrueckii susbp. bulgaricus et Lb.
casei subsp. casei sont également mis en évidence. Les deux approches ont conduit à l’obtention
d’informations complémentaires.

Lactobacille / TGGE / Camembert de Normandie / méthode culture-dépendante / méthode
culture-indépendante
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1. INTRODUCTION

The specificity of registered designation
of origin (RDO) cheese is often related to
the race and nutrition of dairy cows, which
determine the physical and chemical pro-
perties of raw milk, and to basic traditional
cheese-making practice. The dynamic micro-
bial ecosystem is also important because
RDO Camembert cheese is made with raw
milk, which contains a great diversity of
microorganisms: yeasts, moulds and bacte-
ria such as lactococci, leuconostocs, cory-
nebacteria and lactobacilli. Most of those
microrganisms are able to reach 107 to
108 CFU·g–1 by the end of ripening. In
RDO Camembert, most lactobacilli are
NSLAB (non-starter lactic acid bacteria),
originating from farm environments, ani-
mals, and the dairy manufacture environ-
ment. The Lactobacillus genus is the largest
genus within the LAB group, with 92 spe-
cies and 15 subspecies described to date
(www.bacterio.cict.fr, 05/06/03). It has been
the object of many taxonomic changes both
within and between genera. These indige-
nous microorganisms play an important
role in the organoleptic properties of cheese
[6, 7, 16, 23], but little is known about the
evolution and the nature of the Lactoba-
cillus species present during the manufactu-
ring and ripening of Camembert cheese.
Desmasures et al. [9] counted on Rogosa
medium between 10 and 104 CFU·mL–1

presumed lactobacilli in Normandy raw
milks (produced in the autumn, winter and
spring, and at different farms), and between
106 and 108 CFU·g–1 in corresponding raw
milk Camembert cheeses on and after 16 d
of ripening [8, 9]. 

Cultivation methods and phenotypic
identification methods can, however, lead
to a false evaluation of the lactobacilli levels
and diversity. Indeed, cultivation media
may not be sufficiently selective against
other genera or may be too selective for
some Lactobacillus species or strains [5].
Furthermore, phenotypic identification
methods can give erroneous results depen-
ding on the reference used. New molecular

methods, such as denaturing gradient gel
electrophoresis (DGGE) and temperature
gradient gel electrophoresis (TGGE), have
been developed for the analysis of micro-
bial communities without culture. These
methods both involve the sequence-speci-
fic separation of amplified 16S rDNA frag-
ments. These techniques have recently
been used to evaluate the diversity of lac-
tobacilli in cheeses [5, 6, 22, 23], sausages
[4], starch fermentation [2], malt whisky
fermentation [27], beer [26], faeces [24, 25,
30] and the gastrointestinal tract [29], and
to identify Lactobacillus species [28].
Recently, a polyphasic approach showed
the need for culture-independent methods
to investigate the microbiology of fermen-
ted foods [1]. Miambi et al. [18] showed
that direct PCR-DGGE of total microbial
community DNA and culture-dependent
techniques gave different results concer-
ning the microbial assemblages in fermen-
ted cassava dough. This confirms the need
to combine culture-dependent and culture-
independent methods when describing
microbial communities. We recently deve-
loped a species database that can differen-
tiate between most of the 25 Lactobacillus
species tested according to their TGGE
profiles [10].

The aim of this work was to compare
the contributions of culture-dependent and
culture-independent approaches, combi-
ning TGGE analysis of total DNA and
DNA from single isolates, to the assess-
ment of the biodiversity and evolution of
lactobacilli communities during the manu-
facture of RDO Camembert. 

2. MATERIALS AND METHODS

2.1. Milk and cheese sampling, 
growth conditions and isolation 
of microorganisms

Samples of milk, curd or Camembert
cheese were collected from three cheese
factories (A, B and C) in Normandy at five
stages (raw ripened milk: 0-day; curd: 1-day;
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14-day; 30-day and 60-day ripened cheese
(two cheeses per analysis)). In parallel, an
enrichment of 20 mL of raw ripened milk
(E-day) was incubated in 20 mL of acidified
MRS broth (Merck, Darmstadt, Germany;
acidified MRS adjusted to pH 5.4 with
HCl) for 16 h at 30 °C and then plated out
on AMRSA (acidified MRS agar) and
LAMVAB (Lactobacillus anaerobic MRS
agar with vancomycin and bromocresol
green [13]). 

For total DNA analysis, microorganisms
were extracted from the food matrix as fol-
lows: 20 ± 0.1 g of cheese were placed into a
sterile blender and homogenised in 180 mL
of 2% tri-sodium acetate (pH 7 (Sigma
Aldrich, St-Quentin-Fallavier, France)) at
room temperature for 1 min at high speed.
Ten-fold dilutions were immediately made
in peptone salt (mixture containing 1 g·L–1

pancreatic casein peptone and 8.5 g·L–1

sodium chloride in distilled water, pH 7.0).
One millilitre of each dilution was directly
mixed with molten PCA milk agar (210 mL
Plate Count Agar, 25 mL of 10% milk,
200 µL of 2.5% pimaricin (Sigma Aldrich)),
and then incubated in aerobic conditions at
30 °C for 72 h. Two plates were inoculated
with 0.1 mL of each food preparation. 

For presumed lactobacilli counts, 0.1 mL
of each food preparation was plated out on
two different media: AMRSA and LAMVAB.
Plates were incubated in anaerobic condi-
tions at 37 °C for 48 to 72 h. 

For each batch, 10 isolates of presumed
lactobacilli (the first five on LAMVAB
and the five following ones on AMRSA)
were randomly selected from one plate at
each stage studied and from enriched raw
ripened milk, giving rise to a total of 60
isolates per batch. 

2.2. Reference strains

Lactobacillus delbrueckii subsp. bulga-
ricus CNRZ 225, Lb. paracasei subsp.
paracasei CNRZ 763, Lb. plantarum
CNRZ 211 and Lb. casei subsp. casei CIP
102993 were purchased from the CNRZ

collection (Centre National de Recherches
Zootechniques, Jouy-en-Josas, France)
and the CIP (Collection Institut Pasteur,
Paris, France).

2.3. DNA Extraction 

Isolates: the phenol-chloroform method
[11] was used to isolate genomic DNA
from overnight cultures of presumed lacto-
bacilli grown in MRS broth. 

Dairy samples: two methods were used
depending on the type of sample. 

For cheese samples, genomic DNA was
extracted from 20 g of cheese as described
by Ogier et al. [22]. 

An adapted version of the method des-
cribed by Lucore et al. [15] and Ampe
et al. [1] was used to extract DNA from
milk. Milk (40 mL) was homogenised with
2.5 mL of 25% tri-sodium acetate for
5 min at room temperature and then centri-
fuged at 7500 × g (7 °C, 10 min, Eppendorf
centrifuge 5810 R, Fisher Bioblock Scien-
tific, Illkirch, France). The pellet was
resuspended in 3 mL of 0.9% NaCl and
6 mL of zirconium hydroxide (Sigma; pre-
pared according to Lucore et al. [15]), and
vortexed for 10 min. After centrifugation
at 500 × g (7 °C, 10 min), 1.5 mL of 0.9%
NaCl was added and the cellular pellet was
transferred into a clean 1.5 mL Eppendorf.
The tube was centrifuged at 7000 × g (4 °C,
10 min), and 500 µL of a 20 µg·µL–1 lyso-
zyme solution (Sigma) in TES buffer
(50 mmol·L–1 Tris, 1 mmol·L–1 EDTA,
8.56% w/v saccharose) and 10 µL of muta-
nolysin solution (1 U·µL–1, Sigma) were
added to the pellet. Samples were vortexed
for 1 min and incubated for 1 h at 37 °C.
A proteinase K solution (25 µL of a
10 mg·mL–1 solution; Sigma) was added to
two 2-mL tubes containing the resulting
suspension and incubated for 50 min at
50 °C and then for 10 min at 65 °C. Then
300 µL of warm (65 °C) buffer (0.2 mol·L–1

NaCl, 0.1 mol·L–1 Tris-HCl pH 8, 2%
SDS) was added to each tube, and the
tubes were incubated for 10 min at 65 °C.
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Three hundred microlitres of 5 mol·L–1

NaCl were added and the tubes were gently
mixed for 30 s, incubated at 4 °C for
10 min, and centrifuged at 7000 × g (4 °C,
10 min). Each supernatant was transferred
into a fresh 2-mL tube. DNA was then
extracted by the phenol-chloroform method.

2.4. PCR amplification

All primers used in this study were
obtained from Invitrogen (Cergy-Pontoise,
France). TGGE samples were prepared by
PCR in a PTC 200 thermal cycler (MJC
research, Waltham, USA). A 250-base pair
(bp) rDNA sequence encompassing the
16S-23S-spacer region was amplified
using primers LbLMA1-rev (5’ CTC AAA
ACT AAA CAA AGT TTC 3’) and R16-1-
GC (5’ CTT GTA CAC ACC GCC CGT
CA 3’) [21] as previously described [11]. 

2.5. TGGE analysis

The PCR products obtained were sub-
jected to TGGE analysis. TGGE was per-
formed by using the Dcode system
(BioRad, Ivry/Seine, France) and 16 cm ×
16 cm × 1 mm gels. Gels were prepared
with 8% acrylamide solution (acrylamide-
bisacrylamide; 37.5:1; BioRad) and urea
(final concentration = 7 mol·L–1) and run
with 1X TAE buffer diluted from 50X
TAE buffer (2 mol·L–1 Tris base, 1 mol·L–1

glacial acetic acid, 50 mmol·L–1 EDTA).
Twenty-five microlitres of PCR samples
were loaded into wells. The samples were
then subjected to electrophoresis for 12 h at
90 V with a temperature gradient of 56 °C
to 62 °C (rate of 0.5 °C·h–1). Gels were
stained with ethidium bromide (0.5 µg·mL–1

of 1X TAE buffer) for 15 min, then rinsed
for 20 min in 1X TAE buffer and photogra-
phed on a UV transillumination table.

2.6. PFGE analysis

2.6.1. Preparation of plugs 

Lactobacilli were grown overnight in
MRS broth at 37 °C. The OD650 was

adjusted to 0.5 with TE (10 mmol·L–1 Tris,
1 mmol·L–1 EDTA). Cells (9 mL) were
harvested by centrifugation for 10 min at
4 °C (7000 × g), washed once in 5 mL of TES
buffer (10 mmol·L–1 Tris, 1 mmol·L–1 EDTA,
0.5 mol·L–1 saccharose) and suspended in
400 µL of 50 mmol·L–1 EDTA. These sam-
ples were then mixed with 700 µL of low
melting point agarose (1% in 125 mmol·L–1

EDTA at 50 °C) and transferred immedia-
tely into the wells of the plug mould (this
makes approximately 10 plugs). The moulds
were then placed at 4 °C for 20 min.

2.6.2. Lysis of cells 

The plugs were removed from the
moulds and placed into flasks containing
5 mL of lysis buffer (10 mg·mL–1 lysozyme,
0.05% N-lauryl sarcosine). The flasks were
incubated for at least 4 h in a 37 °C water
bath.

2.6.3.  Incubation with proteinase K

 The lysis buffer was removed and the
inserts were washed with 20 to 30 mL of
TE for 20 min. This step was repeated
twice. The TE was discarded and the
inserts incubated overnight at 50 °C with
4 mL of proteinase K buffer (100 mmol·L–1

EDTA, 10 mmol·L–1 Tris pH 8, 1% SDS,
0.25 mg·mL–1 proteinase K). The protei-
nase K buffer was discarded and the inserts
washed with 20 to 30 mL TE for 20 min.
This step was repeated twice. We added
50 µL of PMSF (phenylmethylsulfonyl fluo-
ride, 17.5 mg in 1 mL of propanol-2) and
incubated the inserts for 30 min at room
temperature. The PMSF was replaced by
50 µL of fresh PMSF and the inserts were
incubated for 30 additional minutes at
room temperature to stop the reaction. The
TE and PMSF were discarded and the
inserts washed with 20 to 30 mL of TE for
20 min. This step was repeated twice. The
TE was discarded and the plugs placed in
50 mmol·L–1 EDTA. The plugs were sto-
red at 4 °C until use.
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2.6.4. Digestion

One plug was placed in each reaction
tube (1.5 mL). We added 200 µL of 1X
enzyme buffer and incubated the plugs for
1 h at 4 °C. Each plug was placed in a new
tube with 200 µL of 1X enzyme buffer
containing 20 units of restriction enzyme
(NotI). They were then incubated for 4 h at
37 °C. 

2.6.5. Electrophoresis 

PFGE was performed with a CHEF DR
III (BioRad) machine using 1% pulsed-
field certified agarose in 0.5X TBE. Elec-
trophoresis was carried out at a constant
voltage of 6 V·cm–1 at 14 °C for 18 h, and
with a pulse time of 2 to 25 s.

3. RESULTS 

3.1. Bacterial counts

The microorganisms present in Camem-
bert cheese during the manufacturing and
ripening processes were counted on media
selective for lactobacilli (Fig. 1). The ini-
tial total counts of aerobic microorganisms
in raw ripened milk were 1.5 × 102,
5.5 × 105 and 4.7 × 105 CFU·mL–1 for
cheese factories A, B and C, respectively.
In factories B and C, aerobic microorga-
nism counts peaked after acid development
in the curd (1-day), whereas at plant A they
peaked on day 30. The initial low presump-
tive lactobacilli counts (AMRSA or
LAMVAB) increased with time, peaking
on day 1 for B and day 14 for A and C. At
the end of ripening, lactobacilli counts on
AMRSA or LAMVAB were similar in the
three factories and close to the total aerobic
counts, except in plant A where the number
of presumed lactobacilli was one order of
magnitude lower than the total aerobic
count. 

3.2. PCR detection of lactobacilli 
during milk and cheese processing

We used PCR to amplify DNA from the
entire microbial community or from single
bacterial isolates for each of the three

plants (Fig. 1). With the Lactobacillus pri-
mers (LbLMA1-rev/R16-1-GC) and total
DNA samples, an amplification product
was first observed on day 14 for factories
A and B, and on day 1 for factory C. Total
DNA from raw ripened milk gave no visi-
ble amplification products except in the
case of factory C, where a 250-bp fragment
was obtained after enrichment. An amplifi-
cation product was obtained at all stages of
manufacture when using DNA from indi-
vidual bacterial isolates, with the excep-
tion of day 1 for factory B and the enriched
ripened milk. The number of confirmed
lactobacilli increased on day 60 for facto-
ries A and C, but was higher in the first
steps of ripening (except on day 1) in fac-
tory B. The number of confirmed lactobacilli
among the isolates selected on AMRSA
and LAMVAB media was quite low and
depended on the sampling stage and factory. 

3.3. TGGE analysis of total community 
and single isolate DNAs

To compare the diversity and the dyna-
mics of lactobacilli during Camembert
cheese production, DNA was extracted at
different stages of production (from ripe-
ned milk (including enriched ripened milk)
to 60-day ripened cheese) and from the iso-
lates obtained at every stage, and was ana-
lysed by PCR-TGGE. The TGGE patterns
of total microbial DNA were similar in the
three factories (Fig. 2), with one common
band appearing between the fourteenth and
the sixtieth day of ripening (band 3). This
band comigrated with Lactobacillus para-
casei subsp. paracasei CNRZ 763. The
profiles of cheese from manufacturers A
and B were clearly similar. The composi-
tion of the third cheese (C) was different.
These patterns contained new distinct
dominant amplicons (bands 1 and 2) that
appeared from day 1 of manufacture and
were also found in ripened milk (only after
enrichment). These bands comigrated with
Lactobacillus plantarum CNRZ 211. An
additional band was detected in enriched
ripened milk; it has not yet been assigned.
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TGGE analysis of 96 lactobacilli isola-
tes revealed only six different patterns,
strongly suggesting that some of the isola-
tes shared identical sequences (data not
shown). Fifty-five isolates presented the
same band and comigrated with band 3
identified from TGGE analysis of total
DNA in each factory. Twenty-eight isola-
tes presented bands that corresponded to
bands 1 and 2 in factory C. The other four
profiles were represented by 1, 1, 5 and 4
isolates and were assigned to Lactobacillus
delbrueckii susbp. lactis, Lb. acidophilus,
Lb. delbrueckii susbp. bulgaricus and Lb.
casei subsp. casei, respectively, according
to our species database. Two other isolates
had a pattern that could not be assigned
with our species database.

3.4. PFGE analysis

We used PFGE to type 14 isolates selec-
ted at different stages and presenting the
same TGGE pattern as Lb. paracasei
subsp. paracasei CNRZ 763, which was
found in all three factories. The PFGE pro-
files of the different isolates were all diffe-
rent from each other and from the control
strains, with the exception of two isolates
from factory B that shared the same pat-
tern, UCMA 5174 and 5196 from enriched
milk and 14-day ripened cheese, respecti-
vely (data not shown).

4. DISCUSSION

Our results, obtained by culture-inde-
pendent and culture-dependent methods,

Figure 2. Identification of bacterial species present throughout the cheese-making processing in the
three factories (A, B and C). TGGE was performed with the 16S-23S-spacer region rDNA fragment
that was PCR amplified from extracts of enriched raw ripened milk (E-Day) and cheeses at different
times of ripening (1-day, 14-day, 30-day and 60-day). Lane I: Lactobacillus delbrueckii subsp.
bulgaricus CNRZ 225; lane II: Lactobacillus paracasei subsp. paracasei CNRZ 763; lane III:
Lactobacillus plantarum CNRZ 211. The positions of the bands for the reference strains
Lactobacillus plantarum CNRZ 211 (1 and 2) and Lactobacillus paracasei subsp. paracasei CNRZ
763 (3) are indicated by arrows.
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show and compare two different pictures
of the dynamics of lactobacilli populations
and species in cheese. 

The PCR method using total DNA was
unable to detect Lactobacillus populations
in raw ripened milk samples, whereas that
using DNA from individual isolates some-
times detected Lactobacillus in the same
samples from all three factories. Several
hypotheses may explain this discrepancy.
Firstly, these methods cannot detect species
representing 1% or less of the total DNA
concentration [14, 20, 22]. Secondly, in
our laboratory, when we inoculated milk
with a mixture containing equal amounts
(103 or 106 CFU·mL–1) of three Lactoba-
cillus species, we did not obtain a DNA
amplification product with total DNA
extracted from the milk inoculated with
103 CFU·mL–1 [10], which is higher than the
lactobacilli levels encountered in Normandy
raw milks [9]. Thus, the detection of Lac-
tobacillus in milk may be limited either by
low DNA concentrations or by the pre-
sence of high concentrations of competing
DNA. Thirdly, the difference in the rela-
tive abundance of community members
may affect the detection of certain species
due to competition during PCR [14, 22].
We found that when milk was inoculated
with 106 CFU·mL–1 of each of the three
Lactobacillus species, only two of the three
species could be seen on the resulting
TGGE patterns. Thus, competition can
occur, especially between closely-related
species [10]. 

The culture-dependent PCR method
detected lactobacilli in ripened milk (0-
day) from the three factories and in 1-day
cheese in factories A and C. However, the
fact that lactobacilli were not detected by
PCR on total DNA suggests that they were
present at a low level, which is in contra-
diction with the enumeration results (Fig. 1),
except for ripened milk (0-day) from plant
A (counts <103 CFU·mL–1) and 1-day
cheese from factory C (lactobacilli detec-
ted from total DNA). For example, lactoba-
cilli counts were estimated to reach levels

of about 105 and 107 CFU·g–1 in 1-day
cheese from factories A and B, respecti-
vely. This difference between the results
obtained with the culture-dependent and
independent approaches can be explained
by two hypotheses. First, it could be due,
especially for factory B, to the fact that
elective or selective media, such as
AMRSA and LAMVAB, were used. Few
media are useful for the differential coun-
ting of lactobacilli because numerous other
microorganisms including Lactococcus,
Enterococcus, Leuconostoc, Weissella, Bifi-
dobacterium and Pediococcus grow on
media similar to those used for lactobacilli
[5]. MRS remains the most common
medium used for the isolation of lactoba-
cilli. LAMVAB is highly selective due to
its low pH and the presence of vancomycin
(20 mg·L–1). It is the most specific medium
known for lactobacilli. Unfortunately,
some lactobacilli species are vancomycin-
sensitive, such as Lactobacillus delbruec-
kii, and some strains of Lb. acidophilus [3,
13] and leuconostocs and pediococci are
also vancomycin-resistant. Although counts
of presumed lactobacilli were quite high in
milk, many of the colonies picked were not
identified as lactobacilli. Second, it could
be due to the fact that although lactobacilli
counts were high (about 105 CFU·g–1 in
factory A) they could not be detected among
the total DNA because of the presence of
“non-Lactobacillus” competing DNA.

We compared the biodiversity of lacto-
bacilli species according to the culture-
dependent and independent methods.
Lactobacillus delbrueckii susbp. bulgaricus,
Lb. casei subsp. casei, Lb. delbrueckii
susbp. lactis, Lb. acidophilus, Lb. planta-
rum and Lb. paracasei subsp. paracasei
were identified by culture-dependent PCR-
TGGE whereas only Lb. plantarum and Lb.
paracasei subsp. paracasei were detected
by culture-independent PCR-TGGE. Both
methods found that the same species were
dominant, except in the case of enriched
ripened milk where the analysis of total
DNA revealed an unidentified band. Infor-
mation about subdominant species was
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only generated by the culture-dependent
method. The total DNA method may have
failed to reveal these species due to biases
introduced during DNA isolation and/or
PCR amplification that may have favoured
certain bacteria and sequences. Alternati-
vely, it may depend on whether identified
species are dominant or subdominant. For
the culture-dependent method, the picture
obtained was strongly linked to the selec-
tion of isolates. Whatever the approach
chosen, the use of TGGE to identify species
is hampered by: the (i) comigration of bands
of different sequences in TGGE analysis,
meaning that other primers must be used or
bands must be sequenced; (ii) the reprodu-
cibility of TGGE patterns, which requires
the use of species control or an identifica-
tion ladder; and (iii) taxonomic changes in
the Lactobacillus genus (reclassification of
species and introduction of new species). 

Both approaches showed that Lb. para-
casei subsp. paracasei was a dominant spe-
cies in the three factories and that Lb. plan-
tarum was also dominant in factory C.
When analysing raw milk  Camembert cheese
by TGGE, Ogier et al. [22] detected eight
bands, two of which were found to be Lb.
plantarum and Lb. casei. Given that Lb.
paracasei and Lb. casei are closely-related
species [28], our results seem to be in agree-
ment with this study. In 1989, we used phe-
notypic methods to study the diversity of
LAB in RDO Camembert from factory A
(ten isolates per stage of ripening) (Guéguen,
personal communication). The main spe-
cies identified were the same as in this
study, but Lb. brevis was also found to be
dominant in milk and curd. The fact that this
species was no longer detected here may be
explained by several hypotheses. First, no
Lb. brevis isolates were selected because
they grew poorly on the media used, nota-
bly on LAMVAB. Second, Lb. brevis was
present but its DNA was not amplified from
total DNA because of DNA competition.
Third, due to a decrease in the diversity of
the raw milk produced nowadays, Lb. bre-
vis may no longer be present or dominant. 

We used PFGE to investigate the diver-
sity within the Lb. paracasei isolates obtai-
ned in this study. Thirteen different patterns
were obtained, showing that although only
a small number of species were dominant,
a large number of strains were present
throughout the cheese-making procedure
and in the three factories. 

The combination of culture-dependent
and culture-independent methods helped
to overcome the several limitations inhe-
rent in each of them. PCR-TGGE on total
DNA can characterise microbial commu-
nities quickly and easily and can be used to
study species diversity in predominant
members of a complex ecosystem [12, 17–
19, 22]. It can also detect the not immedia-
tely culturable (NIC) microorganisms.
However, this method also has several
limitations as described above, such as: (i)
DNA isolation and amplification might be
distorted in favour of certain bacteria and
sequences; (ii) comigration of bands of dif-
ferent sequence or formation of multiple
band patterns for one species may be parti-
cularly problematic in complex ecosys-
tems [22]; and (iii) non-detection of the
subdominant microflora (1% or less of the
total community) [14, 20]. As the culture-
dependent approach can detect subdomi-
nant species, it reveals a greater diversity as
long as NIC microorganisms do not account
for a large proportion of the microbial
population. Moreover, this method is requi-
red when the aim is to characterise isolates. 

In conclusion, PCR-TGGE on total DNA
from milk and cheese samples is a good
tool for describing the dominant Lactoba-
cilli species, and the culture-dependent
method can be used to describe the diversity
of the lactobacilli population throughout
the Camembert cheese-making procedure. 
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