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Abstract — The microflora of cold smoked salmon (CSS) consists of Gram-negative bacteria such
as Photobacterium, Vibrio and Shewanella, and Gram-positive bacteria from the genera
Carnobacterium, Lactobacillus and Brochothrix. In this work, 5 series of CSS samples from
different suppliers were stored for 1 week at 4 °C and 4 weeks at 7 °C. The enumeration of lactic
acid bacteria (LAB) from each sample was carried out every week followed by isolation. Molecular
identification was carried out on isolates obtained from 15 CSS samples stored at refrigeration
temperature for 14 to 35 d. 158 Gram-positive bacteria were identified by PCR using specific
primers and PCR-RFLP on the 16S-23S rDNA intergenic spacer region (ISR). 28 Carnobacterium
piscicola strains, 15 Cb. divergens strains, 81 Lactobacillus curvatus strains and only 1 Lb. sakei
strain were identified. In addition, 33 Gram-positive catalase-positive isolates were identified as
Brochothrix thermosphacta. The modification of bacterial diversity in CSS during storage was also
monitored by using the temporal temperature gradient gel electrophoresis (TTGE) technique. The
migration allowed both Gram-positive bacteria (Cb. piscicola, Cb. divergens, Lb. curvatus, Lb.
sakei and B. thermosphacta) and Gram-negative bacteria (P. phosphoreum and S. putrefaciens) to
be differentiated. All the bacteria species (Cb. piscicola, Lb. curvatus and P. phosphoreum)
identified after culture could be specifically detected by TTGE.

Smoked salmon / lactic acid bacteria / 16S-23S rDNA intergenic spacer region / TTGE

Résumé — KEtude de I’évolution bactérienne et identification moléculaire des bactéries
lactiques du saumon fumé au cours de sa conservation. La flore du saumon fumé est constituée
d’une flore Gram négatif composée principalement des genres Photobacterium, Vibrio et
Shewanella et de bactéries a Gram positif des genres Carnobacterium, Lactobacillus et Brochothrix.
Cette recherche a concerné 5 séries d’échantillons de saumon fumé de différentes usines conservées
1 semaine a4 °C et 4 semaines a 7 °C. Le dénombrement des bactéries lactiques a été réalisé chaque
semaine sur chaque échantillon suivi par des isolements. L’identification moléculaire spécifique de
ces isolats a été conduite sur 15 échantillons conservés pendant une durée de 14 a 35 j. 158 isolats
de bactéries Gram positif ont été identifiés en utilisant amorces spécifiques et PCR-RFLP sur la
séquence intergénique 16S-23S rDNA. Ce travail a donc permis d’identifier 28 isolats de
Carnobacterium piscicola, 15 isolats de Cb. divergens, 81 isolats de Lactobacillus curvatus et un
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isolat de Lb. sakei. De plus, 33 isolats Gram positif catalase positif ont été identifiés comme étant
des souches de Brochothrix thermosphacta. Le changement de la diversité bactérienne dans le
saumon fumé pendant le stockage a été suivi par la méthode TTGE (temporal temperature gradient
gel electrophoresis). La migration des bactéries de références a permis de différencier les bactéries
Gram positif (Cb. piscicola, Cb. divergens, Lb. curvatus, Lb. sakei et B. thermosphacta) mais aussi
les bactéries Gram négatif (P. phosphoreum et S. putrefaciens). Toutes les bactéries (Cb. piscicola,
Lb. curvatus et P. phosphoreum) identifiées par culture peuvent aussi étre détectées par TTGE.

Saumon fumé / bactérie lactique / région intergénique 16S-23S rDNA / TTGE

1. INTRODUCTION

The microflora of cold smoked salmon
(CSS) consists of Gram-positive bacteria
dominated by LAB [12, 23] and Gram-
negative bacteria such as Shewanella
putrefaciens and Photobacterium phos-
phoreum, which could play an alteration
role [4, 7]. The population of Gram-positive
bacteria is enhanced during storage [17].
Carnobacterium piscicola and species of
Lactobacillus have been identified as pre-
dominant flora in CSS stored at 2 °C for
3 weeks. Cb. piscicola dominates at the
beginning of the storage while lactobacilli
such as Lb. sakei, Lb. curvatus, Lb. far-
ciminis and Lb. alimentarius grow later [6,
12, 23]. Brochothrix thermosphacta, one
of the other Gram-positive bacteria iso-
lated and Lactobacillus species such as L.
sakei are involved in off-flavour produc-
tion, modifying the organoleptic qualities
of CSS [17].

Identification of bacteria using tradi-
tional methods is time-consuming and may
lead to false identification. Molecular biol-
ogy methods are useful for analysing
microbial ecology. Recently, the bacterial
diversity of CSS was approached using
amplification of rDNA restriction analysis
(ARDRA), a culture-independent method
[3]. This method allowed the detection of
Vibrio species, Enterobacteriaceae and
also marine psychrophilic bacteria related
to Alteromonas macleodii, which was not
isolated from the cultures. However, no
Gram-positive species were detected using
ARDRA. In spoiled ‘gravad’ rainbow
trout, Lb. sakei, Lb. curvatus and Cb. pisci-
cola were the major LAB species identi-

fied using ribotyping and associated with
the spoilage of this product [14].

PCR based on the 16S-23S rDNA inter-
genic spacer region (ISR) for rapid bacte-
rial identification has been developed [8].
Species-specific primers useful for PCR
identification of Lactobacillus species
were designed from this region [2, 19-21].
Length polymorphism of the 16S-23S
rDNA ISR and RFLP technique allowed
the differentiation of closely-related Car-
nobacterium [10]. Recently, the modifica-
tion of bacterial diversity has been moni-
tored by using denaturing gradient gel
electrophoresis (DGGE) or temporal tem-
perature gradient gel electrophoresis
(TTGE) [15]. The TTGE technique has
been used successfully to identify the bac-
terial diversity of cheeses and other complex
ecosystems [9, 16, 25].

In this study, the LAB microflora of
CSS was identified by using a PCR-based
method on 16S-23S rDNA ISR. TTGE was
evaluated in order to monitor the evolution
of the bacterial population during storage
of this product.

2. MATERIALS AND METHODS

2.1. CSS samples and bacterial
strains

The smoked salmon samples furnished
by 4 French smokehouses and bacterial
strains used in this study are listed in
Table I and Table II, respectively. CSS
samples were stored at 4 °C for 1 week
then at 7 °C for 4 weeks.
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Table I. Smoked salmon samples analysed.

Table II. Bacterial strains used in this study.

Smokehouse Origin of salmon Species Strain designation

A Norway, cultivated salmon Carnobacterium piscicola NCDO 2762

B Norway (B1); Ireland (B2) Carnobacterium divergens NCDO 2763

C Scotland Lactobacillus sakei ATCC 15521

D Norway Lactobacillus curvatus DSM 20019
Brochothrix thermosphacta DSM 20171
Photobacterium phosphoreum  CIP 102511

2.2. LAB enumeration and isolation Shewanella putrefaciens CIP 6929

Escherichia coli IM109

Forty grams of CSS were homogenised
in a stomacher in 160 mL sterile tryptone
salt water. A 1-mL aliquot of the homoge-
nised samples was serial diluted in sterile
tryptone salt water and 0.1 mL of each
appropriate dilution was spread onto
Elliker (Biokar, Beauvais, France) agar
plates. Enumeration was carried out after
48 h of incubation at 30 °C. Strains isolated
as pure cultures were stored at —80 °C. The
genus Brochothrix can be distinguished
from Listeria by a motility test at 25 °C and
no growth at 35 °C [18]. The API S0CHL-
gallery test was used to identify Gram- and
catalase-positive isolates.

2.3. Bacterial DNA extraction

Total DNA from type strains and Gram-
positive catalase-negative isolates was
extracted as previously described [24].

Bacterial DNA extraction from CSS
samples was carried out as previously
described [5] with some modifications:
10 g of CSS were homogenised using a
stomacherin 10 mL of 4 mol-L~! guanidine
thiocyanate 0.1 mol-L~! Tris (pH 7.5) and
150 pL 10% N-lauroyl sarcosine-0.1 mol-L-!
phosphate buffer (pH 8.0). 250 UL of the
homogenate was transferred into a 2-mL
polypropylene microtube and the remain-
der was frozen. After the addition of 500 puL
of 5% N-lauroyl sarcosine-0.1 mol-L-!
phosphate buffer (pH 8.0), the 2-mL tube
was incubated at 70 °C for 1 h. One volume
(750 puL) of 0.1-mm-diameter silica beads
(Sigma-Aldrich, Saint-Quentin-Fallavier,
France) previously sterilised by autoclaving

was added, then the tube was shaken in a
Bead-Beater® (BioSpec Products Inc.,
Bartlesville, OK, USA) twice for 5 min.
After addition of polyvinylpolypyrrolidone
(15 mg), the tube was vortexed and centri-
fuged for 5 min at 12 000 X g. After recov-
ery of the supernatant, the pellet was
washed with 500 uL. of TENP buffer
(50 mmol-L-! Tris (pH 8.0), 20 mmol-L-!
EDTA (pH 8.0), 100 mmol-L~! NaCl, 1%
polyvinylpolypyrrolidone) and centrifuged
for 5 minat 12 000 x g. The resulting super-
natant was added to that previously
obtained. This washing step was repeated
three times. The pooled supernatants (about
2 mL) were briefly centrifuged to remove
particles and then split into 2-mL tubes.
Nucleic acid precipitation was performed
as previously described [5].

2.4. PCR reactions

The oligonucleotide primers (Invitrogen
Life Technology, Cergy-Pontoise, France)
used in this study are listed in Table III.
ISR amplification using 16S/2 and 23S/7
primers was performed in order to identify
LAB genera. Specific primers for Lb. sakei,
Lb. curvatus and Lb. plantarum were used
to determine Lactobacillus species. tAla-
23S/10 primers were used to amplify Car-
nobacterium rDNA. Bacterial DNA from
CSS samples was amplified using
FG984GC and L1401 primers [9, 25]. PCR
reactions were performed in a total volume
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Table III. Primers used in this study.

Primer Location Oligonucleotide Annealing Reference
sequence (5°2>3") temperature
°C

16S/2 16S rRNA gene, CTTGTACACACCGCCCGTC 56 [8]
forward (position 1390-1407)

23S/7 23S rRNA gene, GGTACTTAGATGTTTCAGTTC 56 [8]
reversed (position 188-208)

23S/10 23S rRNA gene, CCTTTCCCTCACGGTACTG 58 [8]
reversed (position 456-474)

tAla tRNA Al2 gene, forward TAGCTCAGCTGGGAGAGC 58 [11]

Lc Lb. curvatus 16S/23S rRNA ISR TTGGTACTATTTAATTCTTAG 53 [2]
gene, reversed

Ls Lb. sakei 16S/23S rRNA ISR ATGAAACTATTAAATTGGTAC 53 [2]
gene, reversed

Lpl Lb. plantarum 16S/23S rIRNA ISR ATGAGGTATTCAACTTATG 53 [2]
gene, reversed

FG984GC V6-V8 region of 16S rDNA, CGCCCGGGGCGCGCCCCGG 60 [9]
forward GCGGGGCGGGGCACGGGGG

GAACGCGAAGAACCTTAC
L1401 V6-V8 region of 16S rDNA, GCGTGTGTACAAGACCC 60 [25]

reversed

of 25 UL containing 1% pg-mL~!, 1X PCR
buffer, 2.5 mmol-L-! MgCl,, 0.2 umol-L-!
of each primer, 0.2 mmol-L~! (each) ANTP
and 1U Tag DNA polymerase (BioLabs,
Hitchin, UK). The amplification pro-
gramme consisted in a 1-min denaturation
step at 94 °C, a 1-min annealing step (at the
optimal annealing temperature for each
primer listed in Tab. III) and a 1-min exten-
sion step at 72 °C. The first cycle was pre-
ceded by incubation for 5-min at 94 °C.
After 35 cycles, there was a final 5-min
extension at 72 °C. Negative controls con-
taining no DNA template were included in
parallel. PCR products were separated in a
1.5% (w/v) agarose gel and were subse-
quently visualised by UV illumination after
ethidium bromide staining.

2.5. Restriction enzyme analysis

In order to identify Carnobacterium
species isolated from CSS, the tAla-23S/

10 amplified PCR products were subjected
to digestion with Hind III (BioLabs) [10].
Digestion was performed in a 25-uL. mix-
ture at optimal conditions according to the
manufacturer's protocols. The total digested
products were separated by electrophoresis
in a 2% (w/v) agarose gel.

2.6. TTGE analysis

PCR products obtained by amplification
using primers targeting the V6-V8 region
of 16S rDNA were subjected to TTGE
analysis. TTGE was performed by using
the DCode Universal Mutation Detection
System (BioRad, Marnes-la-Coquette,
France) and gels of 16 cm by 16 cm by
I mm. Gels were prepared with 11% (w/v)
acrylamide stock solutions (acrylamide-
bisacrylamide; 37.5:1) and a final urea
concentration of 9.7 mol-L-1. Gels were run
with 1.25X TAE buffer. TTGE parameters
and gradient temperatures were optimised
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Table I'V. Enumeration of Gram-positive bacteria on Elliker agar plates from CSS samples.

Sample Gram-positive bacteria (cfu-g~1)
Fresh salmon After smoking JO J14 J21 J28 I35
salmon

Salmon A 2.2x 102 20 14x 102 1.1x 103 100 7.1x 103 3x 100
Salmon B1 3% 102 25 3x 102 12x 10* 8x 10> 42x 106 7.2x 100
Salmon B2 1.2 x 102 2.8 x 102 27.5 92x 104 3.8x 105 19x 107 12x 108
Salmon C 7.8x 103 20 80 3.6x 109 1.1x 107 1.7x 107 58x 107
Salmon D ND ND 3.4x 102 100 2.5x 100 2.9x 107 3x 100

to separate the bacterial species studied.
The final electrophoresis conditions were
55 V for 18 h with an initial temperature of
65.5 °C and a final temperature of 69.5 °C
(the temperature was increased by 0.2 °C
per h). 10-uL samples of PCR products
were deposited in wells. To avoid non-
homogenous temperature effects, samples
were not deposited in the outermost wells.
After running, gels were stained for 15 min
with SYBR Green I 1X (Molecular Probes,
Eugene, OR, USA) and visualised under
UV.

2.7. Cloning and sequencing
of TTGE separated fragments

Fragments were excised from the TTGE
gels and incubated overnight at —20 °C in
water. The rDNA was reamplified with
FG984GC and L1401 primers then sub-
jected to TTGE analysis to confirm their
relative positions. The fragments amplified
with FG984 (lacking the GC clamp) and
L1401 primers were cloned by using the
QIAGEN PCR cloning Kit (Qiagen S.A.,
Courtabeceuf, France) and transformed into
E. coli IM109. The cloned fragments were
sequenced (Genome Express, Meylan,
France). DNA sequences were analysed
and compared with sequences in the Gen-
Bank database using the BLAST software
available at NCBI [1].

3. RESULTS

3.1. Enumeration of Gram-positive
bacteria

The Gram-positive microflora of five
CSS furnished by 4 smokehouses was enu-
merated during five weeks of storage
(Tab. IV). The enumeration of the Norwich
CSS (A and B1), showed an increase in
Gram-positive bacteria from 102 cfu-g! at
day 0 to 100 cfu-g~! at day 35. The enumer-
ation of the Irish CSS (B2), showed that
Gram-positive bacteria increased from
27.5 cfu-g™! at day O to 108 cfu-g~! at day
35. Bacterial enumeration of the Scottish
sample (C), showed an increase of 5.5 logs
of Gram-positive bacteria from day O to day
35. In Norwich CSS from smokehouse D,
the Gram-positive bacteria grew from
102 cfu-g~!atday Oto 10° cfu-g~! at day 35.
The results showed generally that Gram-
positive bacteria which were at 102 to
103 cfu-g~! in fresh salmon decreased to 20
to 102 cfu-g~! after the smoking process
then increased by 4 to 6 logs during five
weeks of storage.

3.2. Identification of LAB isolates

158 Gram-positive bacteria were iso-
lated from enumeration agar plates. The
125 catalase-negative isolates were identi-
fied as LAB. The genus of these isolates
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Figure 1.

Differentiation of the LAB genera (Lactobacillus or Carnobacterium) by PCR

amplification of the 16S-23S rDNA ISR by 16S/2-23S/7 primers (Lanes 1 and 4: 100-bp molecular
weight marker; lane 2: Lb. curvatus DSM 20019; lane 5: Cb. divergens NCDO 2763; lane 6: Cb.
piscicola NCDO 2762; lanes 3, 7 and 8: LAB isolates from CSS samples).

was determined by using PCR amplification
targeting 16S-23S rDNA ISR. Lactobacil-
lus and Carnobacterium can be differenti-
ated by their ISR profiles (Fig. 1). Lacto-
bacillus has a two-fragment profile while
Carnobacterium has a three-fragment profile
[10]. 43 isolates showing the three-frag-
ment profile belong to the Carnobacterium
genus.

Identification of Carnobacterium spe-
cies was performed by using the RFLP
method based on 16S-23S rDNA ISR
described by Kabadjova et al. [10]. 28 iso-
lates showed a profile of two fragments at
460 and 408 bp, which is the profile of Cb.
piscicola, and 15 isolates showed a profile
of two fragments at 422 and 308 bp, which
corresponds to the profile of Cb. divergens
(data not shown). All of the other 82 iso-
lates were identified as Lactobacillus.
Lactobacillus species frequently found in
CSS were identified by PCR using Lb.
sakei, Lb. curvatus and Lb. plantarum spe-
cies-specific primers designed from 16S-
23S rDNA ISR [2, 12, 22]. 81 strains were
identified as Lb. curvatus and only one
strain of Lb. sakei was isolated from the
Norwich CSS. No Lb. plantarum was
detected.

The 33 Gram-positive isolates that
produce catalase were also identified.
Brochothrix and Listeria, which are Gram-

positive catalase-positive bacteria mainly
isolated from CSS, were identified using
some specific tests. B. thermosphacta was
distinguished from Listeria because it does
not grow at 35 °C and is immobile at 25 °C.
All the isolates were identified as B. ther-
mosphactausing the APIS0CHL-gallery test.

In three CSS samples (A, B1 and B2),
the Gram-positive colonies isolated at day
28 and day 35 were identified as Lb. curva-
tus (70 to 100%) and B. thermosphacta (10
to 30%). In contrast, after four weeks of
storage, Cb. piscicola represented 92% of
the Gram-positive population in the Nor-
wich CSS (sample D). In the Scottish CSS
(sample C), Lb. curvatus represented 100%
of the population at day 14, while at day 28
B. thermosphacta was predominant (72%),
followed by Cb. divergens (18%) and Lb.
curvatus (9%).

3.3. TTGE analysis

TTGE analysis was evaluated to moni-
tor the evolution of Gram-positive and
Gram-negative bacteria in CSS. The V6-
V8 region of 16S rDNA was amplified
using extracted bacterial DNA and the
primers FG984GC and L1401. The PCR
products obtained (approx. 500 bp) were
then deposited in TTGE gel. As shown in
Figure 2, seven bacterial species were chosen
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as references: Cb. divergens, Cb. piscicola,
Lb. sakei, Lb. curvatus, B. thermosphacta,
P. phosphoreum and S. putrefaciens. These
species showed different migration levels,
allowing their differentiation. The TTGE
profile of the Scottish CSS (C), sampled
every week during storage, is shown in
Figure 2. The migration level of V6-V8
DNA fragments amplified from CSS was
compared with those of the seven bacterial
species.

In fresh salmon, the fragment “i”, show-
ing the same migration level as fragment
“a” corresponding to Cb. piscicola, was
detected up to day O but disappeared at day
10. The appearance of 2 fragments, frag-
ments “j” and “k”, was observed at day 10.
These fragments had the same profile and
migration level as fragments “e” and “f”,
corresponding to P. phosphoreum. Another
fragment detected was fragment “1”, appear-
ing at day 21. This showed the same migra-
tion level as fragment “d”, corresponding to
Lb. curvatus. In order to verify their iden-
tity, the fragments were extracted from the
gel then cloned and sequenced. All
sequences from each species matched with

Figure 2. TTGE profile of
Scottish CSS sample from
smokehouse C.

the sequences of corresponding species that
are available in the GenBank database.
These results validated the identification by
migration level comparison.

4. DISCUSSION

Microbial ecology studies need fast and
highly specific detection techniques. In
this study, LAB from CSS were enumer-
ated and identified by PCR-based tech-
niques using species-specific primers or
digestion using a restriction enzyme. The
TTGE technique was evaluated in order to
monitor the bacterial diversity in CSS.

The results showed that in fresh salmon,
the Gram-positive bacteria population var-
ied from 102 to 103 cfu-g~! and decreased
after the smoking process. The smoking
process is followed by a maturation step
for 1-4 days and by vacuum packaging.
After the maturation step (day 0), Gram-
positive bacteria reached 80 to 102 cfu-g~!
and increased during the 5-week storage,
reaching 100-108 cfu-g~1.

Carnobacterium, Lactobacillus and
Brochothrix sp. are Gram-positive bacteria
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found in CSS [12, 22]. Carnobacterium
and Lactobacillus can be easily distin-
guished by their 16S-23S ISR profiles.
Kabadjova et al. [10] have shown that Car-
nobacterium can be divided into 2 groups
according to their ISR profiles, the Cb. pis-
cicola/Cbh. gallinarum group and the Cb.
divergens/Cb. mobile group. Furthermore,
these species can be distinguished by
digestion using Hinf I, Hind III or Tagq 1
enzymes that generate different digestion
profiles. In this study, the Hind III enzyme
was chosen, as previously reported [10].
Cb. piscicola and Cb. divergens were
detected but they did not dominate the
LAB population, except in the Scottish
CSS. In contrast, Cb. piscicola has previ-
ously been identified as the dominant LAB
species in CSS [6].

On the other hand, Lactobacillus can be
easily identified by using species-specific
primers designed by Berthier and Ehrlich
[2]. The occurrence of Lb. curvatus as the
main LAB (52-55%) has been reported in
CSS, while Lb. sakei, Lb. plantarum, Car-
nobacterium spp. and Leuconostoc spp.
were present in smaller numbers [22]. The
presence of Lb. sakei, Lb. farciminis and
Lb. alimentarius has also been detected in
previous work [12]. In vacuum-packaged
‘gravad’ rainbow trout, Lb. curvatus, Lb.
sakei, and Cb. piscicola were the major
LAB species associated with spoilage of
this product [14]. Characterisation of LAB
from cold-smoked rainbow trout using
ribotyping revealed that Leuconostoc
mesenteroides, Ln. citreum, Lb. sakei and
Lb. curvatus were the major species asso-
ciated with spoilage of this fish product
[13].

In this study, Lb. curvatus was found to
be the dominant species at day 28 and day
35 in 3 of 5 samples (salmons A, B1 and
B2). Cb. piscicola, Cb. divergens and B.
thermosphacta were also identified during
storage. These results are in agreement
with previous work [22]. A significant var-
iability between CSS samples was
observed. Indeed, in the Scottish salmon

C. Rachman et al.

(C), B. thermosphacta was the dominant
species at day 35, while in the Norwich
salmon (D), Cb. piscicola was mainly
present. In contrast to previous works [12,
22], Lb. sakei was detected in only one
CSS and no strains of Lb. plantarum, Lb.
farciminis or Lb. alimentarius were identi-
fied in our samples. This fact may be due
to the different CSS samples studied. The
contamination of raw material and differ-
ent technological process in smokehouses
may affect the bacterial composition in
CSS. Moreover, the identification results
using traditional techniques might be dif-
ferent from those of molecular methods.

TTGE analysis was evaluated to reveal
the bacterial diversity in CSS samples. The
species frequently isolated in CSS such as
Cb. piscicola, Cb. divergens, Lb. sakei, Lb.
curvatus, B. thermosphacta, P. phosphoreum
and S. putrefaciens were chosen as refer-
ences [12, 22]. The comparison of migration
level profiles and the sequences of different
fragments generated from CSS samples
and reference bacteria were used in order to
identify the different bacteria species. The
presence of a weak fragment correspond-
ing to Lb. curvatus was observed at days 21
and 35 (Fig.2). Meanwhile, P. phos-
phoreum was detectable from day 10 to day
35. The TTGE profiles indicated that LAB
were less detectable than P. phosphoreum
at the end of the storage. As previously
described, PCR amplification on 16S rDNA
may cause a bias, as only Gram-negative
bacteria were revealed [3]. Various reasons
could explain this fact. First, Gram-posi-
tive bacteria may be under-represented in
the sample used [23]. This is not the case in
our work as shown by the enumeration
results (Tab. IV). Secondly, Gram-positive
bacteria’s DNA may be more difficult to
extract. Thirdly, the universal primers may
not be so universal since they are suitable
when used on pure cultures, but are selec-
tive on mixed DNA. The fourth possible
explanation is the presence of viable non-
cultivable forms of certain bacterial species
that are detectable by TTGE but not by cul-
ture methods. DNA extraction and PCR
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bias are probably the major causes of the
non-detection of species.

Finally, this study showed that LAB iso-
lated from CSS during storage could be
easily identified by specific primer-PCR or
RFLP of 16S-23S rDNA ISR. In this work
are presented the first results of TTGE
used in order to monitor the modification
of bacterial diversity in CSS during stor-
age. All the bacteria species (Cb. piscicola,
Lb. curvatus and P. phosphoreum) identi-
fied after culture could be specifically
detected by TTGE. However, the detection
of LAB seems to be under-evaluated as
compared with the enumeration results. It
would be interesting to complete this work
by trying different DNA extraction meth-
ods, testing several primer pairs, and also
by determining the sensitivity and detec-
tion limit of the TTGE technique.

Acknowledgements: We thank the Armoric,
Bretagne Saumon, Narvik and Wilmar smoke-
house companies for their CSS supplies. We are
grateful to the French Ministry of Research for
financial support in the “Bioressources et
Tragabilité pour le Post-Génome” project.

REFERENCES

[1] Altschul S.F., Madden T.L., Schaffer A.A.,
Zhang J., Zhang Z., Miller W., Lipman D.J.,
Gapped BLAST and PSI BLAST: a new
generation of protein database search pro-
grams, Nucl. Acids Res. 25 (1997) 3389—
3402.

[2] Berthier F., Ehrlich S.D., Rapid species
identification within two groups of closely
related lactobacilli using PCR primers that
target the 16S/23S rRNA spacer region,
FEMS Microbiol. Lett. 161 (1998) 97-106.

[3] Cambon-Bonavita M.A., Lesongeur F.,,
Menoux S., Lebour A., Barbier G., Micro-
bial diversity in smoked salmon examined
by a culture-independent molecular approach —
a preliminary study, Int. J. Food Microbiol.
70 (2001) 179-187.

[4] Dalgaard P., Qualitative and quantitative
characterization of spoilage bacteria from
packed fish, Int. J. Food Microbiol. 26
(1995) 319-333.

[5] Godon J.J., Zumstein E., Dabert P., Habou-
zit F., Moletta R., Molecular microbial

diversity of an anaerobic digestor as deter-
mined by small-subunit rDNA sequence
analysis, Appl. Environ. Microbiol. 63
(1997) 2802-2813.

[6] Gonzalez-Rodriguez M.N., Sanz J.J., Santos
J.A., Otero A., Garcia-Lopez M.L., Num-
bers and types of microorganisms in
vacuum-packed cold-smoked freshwater
fish at the retail level, Int. J. Food. Micro-
biol. 77 (2002) 161-168.

[7] Gram L., Huss H.H., Microbiological spoi-
lage of fish and fish products, Int. J. Food
Microbiol. 33 (1996) 121-137.

[8] Giirtler V., Stanisich V.A., New approaches
to typing and identification of bacteria using
the 16S-23S rDNA spacer region, Microbio-
logy 142 (1996) 3-16.

[9] Heuer H., Hartung K., Wieland G., Kramer
I., Smalla K., Polynucleotide probes that tar-
get a hypervariable region of 16S rRNA
genes to identify bacterial isolates corres-
ponding to bands of community fingerprints,
Appl. Environ. Microbiol. 65 (1999) 1045-
1049.

[10] Kabadjova P., Dousset X., Le Cam V., Prévost
H., Differentiation of closely related Carno-
bacterium food isolates based on 16S-23S
ribosomal DNA intergenic spacer region
polymorphism, Appl. Environ. Microbiol.
68 (2002) 5358-5366.

[11] Le Jeune C., Lonvaud-Funel A., Sequence
of DNA 16S/23S spacer region of Leuconos-
toc oenos (Oenococcus oeni): application to
strain differentiation, Res. Microbiol. 148
(1997) 79-86.

[12] Leroi F., Joffraud J.J., Chevalier F., Cardinal
M., A study of the microbial ecology of cold
smoked salmon during storage at 8 °C, Int. J.
Food Microbiol. 39 (1998) 111-121.

[13] Lyhs U., Bjorkroth J., Korkeala H., Charac-
terisation of lactic acid bacteria from spoi-
led, vacuum-packaged, cold-smoked rain-
bow trout using ribotyping, Int. J. Food
Microbiol. 52 (1999) 77-84.

[14] Lyhs U., Korkeala H., Bjorkroth J., Identifi-
cation of lactic acid bacteria from spoiled,
vacuum-packaged ‘gravad’ rainbow trout
using ribotyping, Int. J. Food Microbiol. 72
(2002) 147-153.

[15] Muyzer G., Smalla K., Application of dena-
turing gradient gel electrophoresis (DGGE)
and temperature gradient gel electrophoresis
(TTGE) in microbial ecology, Int. J. Gen.
Mol. Microbiol. 73 (1998) 127-141.

[16] Ogier J.C., Son O., Gruss A., Tailliez P.,
Delacroix-Buchet A., Identification of the
bacterial microflora in dairy products by
temporal temperature gradient gel electro-
phoresis, Appl. Environ. Microbiol. 68
(2002) 3691-3701.



154 C. Rachman et al.

[17] Paludan-Miiller C., Dalgaard P., Huss H.H.,
Gram L., Evaluation of the role of Carno-
bacterium piscicola in spoilage of vacuum
and modified atmosphere-packed cold-
smoked salmon stored at 5 °C, Int. J. Food
Microbiol. 39 (1998) 155-166.

[18] Sneath P.H.A., Jones D., Genus Brochothrix,
in: Sneath P.H.A., Mair N.S., Sharpe M.E.,
Holt J.G. (Eds.), Bergey’s manual of syste-
matic bacteriology, Vol. 2, The Williams &
Wilkins Co., Baltimore, USA, 1976, pp.
1249-1253.

[19] Song Y.L., Kato N., Liu C., Matsumiya Y.,
Kato H., Watanabe K., Rapid identification
of 11 human intestinal Lactobacillus species
by multiplex PCR assays using group- and
species-specific primers derived from the
16S-23S rRNA intergenic spacer region and
its flanking 23S rRNA, FEMS Microbiol.
Lett. 187 (2000) 167-173.

[20] Tannock G.W., Tilsala-Timisjdrvi A., Rodtong
S., Ng J., Munro K., Alatossava T., Identifi-
cation of Lactobacillus isolates from the
gastrointestinal tract, silage and yoghurt by
16S-23S rRNA gene intergenic spacer region
sequence comparison, Appl. Environ. Micro-
biol. 65 (1999) 4264-4267.

[21] Tilsala-Timisjarvi A., Alatossava T., Deve-
lopment of oligonucleotide primers from the
16S-23S rRNA intergenic sequences for
identifying different dairy and probiotic lac-
tic acid bacteria, Int. J. Food Microbiol. 35
(1997) 49-56.

[22] Truelstrup Hansen L., Huss H.H., Compari-
son of the microflora isolated from spoiled
cold-smoked salmon from three smokehou-
ses, Food Res. Int. 31 (1998) 703-711.

[23] Truelstrup Hansen L., Rontved S.D., Huss
H.H., Microbiological quality and shelf life
of cold-smoked salmon from three different
processing plants, Food Microbiol. 15
(1998) 137-150.

[24] Tudor J.J., Marri L., Piggot P.J., Daneo-
Moore L., Size of the Streptococcus mutans
GS-5 chromosome as determined by pulsed-
field gel electrophoresis, Infect. Immun. 58
(1990) 838-840.

[25] Zoetendal E.G., Akkermans A.D.L., deVos
W.M., Temperature gradient gel electropho-
resis analysis of 16S rRNA from human
fecal samples reveals stable and host-speci-
fic communities of active bacteria, Appl.
Environ. Microbiol. 64 (1998) 3854-3859.

To access this journal online:
www.edpsciences.org




