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Abstract :

In order to characterise the spoilage related to microbiota of raw salmon, a combination of culture-
dependent and -independent methods, including PCR-TTGE, was used to analyse 3 raw salmon
batches stored for 3 days at chilled temperature in modified atmosphere packaging (MAP) (50%
CO2/50% N2) or under vacuum. Sensory evaluation, microbiological enumeration and chemical
analysis were performed after 3, 7 and 10 days of storage. At the onset of spoilage, 65 bacterial
isolates were picked from the plates. Thus, 13 different genera or species were identified by
phenotypic and molecular tests: Serratia spp., Photobacterium phosphoreum, Yersinia intermedia,
Hafnia alvei, Buttiauxella gaviniae, Pseudomonas sp., Carnobacterium maltaromaticum,
Carnobacterium divergens, Lactococcus piscium, Lactobacillus fuchuensis, Vagococcus carniphilus,
Leuconostoc gasicomitatum and Brochothrix thermosphacta. The PCR-TTGE profiles and band
identification enabled a shift of the dominant populations during the storage to be visualised for all the
batches, probably due to the temperature change and the packaging. At the beginning of storage,
Pseudomonas sp. dominated the raw salmon microbiota while in the following days (7 and 10), P.
phosphoreum and L. piscium were identified as the main bacterial groups. This study enhances the
knowledge of MAP and vacuum-packed raw salmon spoilage microbiota.

Highlights
» 13 different bacterial taxa were identified by phenotypic and molecular tests. » A shift of the

dominant microflora during storage was brought to light. » The dominant bacterial populations
displayed by PCR-TTGE were identified.
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1. Introduction

Salmon is an important product of aquaculture: 1,400,000 T were produced in 2009 with a
value of more than 7 billion US dollars (FAO, 2011). The species studied in this work, Atlantic
salmon (Salmo salar), is the one most commonly reared. Atlantic salmon farming accounts
for 90% of the farmed salmon market and more than 50% of the global salmon market (FAO.
© 2004-2011. Texte par Jones, 2004). Moreover, chilled fish has significant added value
compared to frozen fish (Fletcher, et al., 2002). Sea fish is increasingly eaten raw (sushi,
tartare) and, in response to consumer demand, these products are found on cold shelves
under modified atmosphere packaging (MAP) enriched with CO,. This type of packaging
increases the shelf life of seafood products by inhibiting many microorganisms, including
Gram-negative aerobic microorganisms (Gram & Huss, 1996; Sivertsvik, et al., 2002)), and
also makes transport easier. Even though MAP increases the package volume compared to
vacuum packaging, it is more efficient at limiting the spoilage (Hansen, et al., 2007). Some
studies concerning Atlantic or King salmon under MAP have been carried out to determine
quality changes during storage or to propose some technological features to improve the
shelf life (de la Hoz, et al., 2000; Fletcher, et al., 2002; Hansen, et al., 2009; Schirmer, et al.,
2009; Sivertsvik, et al., 2003). In these studies, the changes in microbial parameters, such as
total flora, Enterobacteriaceae, and Lactic Acid Bacteria (LAB), were usually monitored
during storage but the detailed composition of the microbiota has been investigated only
once (Rudi, et al., 2004). The characterisation of the microbial species present at the
spoilage time is important to determine which are likely to be involved in sensory quality
deterioration and should thus be considered as specific spoilage microorganisms in further
studies in order to develop suitable control methods. For this characterisation, applications of
culture-independent methods are being increasingly used in parallel with classical microbial
methods to develop a complete overview of the bacterial community characteristics.
Fingerprinting molecular methods, such as DGGE and TTGE, are powerful tools to compare
structural changes in microbial communities as well as for monitoring bacterial population
dynamics. Individual bands can be identified after excision from the gel, cloning and
sequencing (Juste, et al., 2008). Bands can also be assigned and identified by comparison
with a comprehensive bacterial database that should include microorganisms typical of the
ecosystem (Ogier, et al., 2004). The use of culture-independent methods has highlighted the
occurrence of species not detected by culture-based methods. Several food product
microbiota have been analysed with DGGE or TTGE, including dairy product ecosystems
(Lafarge, et al., 2004; Ogier, et al., 2004; Ogier, et al., 2002; Parayre, et al., 2007), chilled
beef stored in air or vacuum (Pennacchia, et al., 2011), seafood products like cold smoked
salmon (Giacomazzi, et al.,, 2004; Rachman, et al., 2004), fish (Hovda, et al., 2007) and
cooked tropical shrimps (Jaffrés, et al., 2009). In this present study, our aim was to monitor
the changes in shelf life and quality and to characterise the microbial ecosystem of 3 raw
salmon (Salmo salar) batches stored under MAP and vacuum with a combination of
complementary methods: molecular, sensory, chemical and conventional microbiological
analyses. Sensory analysis was used to identify when the product was spoiled. The spoilage
microbiota of these 3 batches were described using classical numeration on different specific
media used for fish bacteria analysis and the PCR-TTGE technique was employed to monitor
the dominant bacterial populations and their changes during storage.



2. Materials and methods

2.1. Raw salmon sampling

Two batches of raw salmon steaks (Salmo salar), A and B, processed from the same raw
material, were purchased from one production plant and one batch C came from another
production plant. A and C were packaged under MAP (50% CO»-50% N;) and B under
vacuum. Samples were stored for 3 days at 2°C and transferred to 8°C for 7 days after a cold
chain break at 20°C for 2 hours, according to the shelf life evaluation protocol monitored by
industrial plants. Sensory evaluation and microbiological analyses, including culture and non-
culture methods, were carried out at days 3, 7 and 10.

2.2. Sensory analysis

Eleven trained panellists, experienced in seafood sensory evaluation, carried out the
conventional profiling (ISO, 2003) on salmon products. Three packets per batch were
opened and, for each assessor, 30 g portions were placed in glass bowls to keep the odours
intact. Sessions were performed in individual partitioned booths, as described in the
procedure NF V-09-105 (AFNOR, 1987), equipped with a computerised system (Fizz,
Biosystémes, Couternon, France). Three sessions were organised after 3, 7 and 10 days of
storage, respectively. Products A, B and C were assigned 3 digit numbers, randomised and
presented simultaneously to the panellist after 1 hour in an oven at 18°C. Assessors had to
score overall intensity on a continuous scale from 0 to 10 of the following appropriate odour
descriptors: marinef/iodine, grass, butter/caramel, acid/vinegar, sour/fermented, amine and
feet/cheese. At the end of the evaluation, panellists classified each sample according to its
spoilage level (NS: non-spoiled; LS: lightly spoiled; SS: strongly spoiled). The products were
considered to be strongly spoiled when at least 50% of the assessors classified them at this
level.

The sensory descriptors were selected during preliminary sessions. Panellists were first
invited to describe the odour characteristics of three products processed in the two
production plants of the study and stored 2, 8 and 12 days in the conditions previously
presented. These samples intended to cover the possible variation of sensory characteristics
in this kind of samples. After a selection of relevant and discriminative attributes, a
discussion with all panellists allowed to check the final consensus on descriptors. Two
profiling sessions were also proposed to train the panel and evaluate its performance before
to start the experiment.

Two-way analyses of variance, with products and panellists as independent factors, were
performed on sensory data with Fizz 2.46B software (FIZZ system, Biosystémes, Dijon,
France). In cases where significant differences occurred, the means were compared by the
Duncan test at the 0.05 level of probability.

2.3. Chemical analysis

200 g of raw salmon flesh was homogenised in a Waring Blender (New Hartford, CO, USA).
From 100 g of the homogenised milling, Total Volatile Basic Nitrogen (TVBN) and
Trimethylamine (TMA) were measured in duplicate by the Conway micro diffusion method
(Conway & Byrne, 1933). The pH value was measured with a pH meter (Mettler Delta, AES,
Combourg, France) in the five-fold-diluted flesh prepared as described below for
microbiological analysis.



2.4. Enumeration of bacterial groups

At each sampling date, three packets of two steaks per batch were used for microbiological
analysis. From each package, a 10 g portion was aseptically weighed and the three portions
were pooled in 120 ml of sterile peptone water (0.85% NaCl; 0.1% peptone) in a sterile
plastic bag and blended with a stomacher 400 (Seward Medical, London, UK) for 2 min. The
different bacterial populations were enumerated by spread plating on the following media:
Long and Hammer agar (LH) with 1% NaCl (Van Spreekens, 1974) incubated at 15°C for 7
days to determine Total Psychrotrophic Viable Counts (TPVC); Elliker agar (Biokar
Diagnostic, Beauvais, France) at 20°C for 3 days under anaerobic conditions (Anaerocult A;
Merck, Darmstadt, Germany) to count total Lactic Acid Bacteria (LAB); Streptomycin
sulphate Thallous Acetate Agar (STAA, Oxoid, Basingstoke England) to enumerate
Brochothrix after 3 days at 20°C. The H,S-producing bacteria were investigated in pour
plates after 3 days at 20°C in Iron Agar (I1A) with 0.04% of L-cysteine as described by Gram,
et al (1987). Enterobacteriaceae were counted in a pour plate of Caso agar (Merck) overlaid
by Violet Red Bile Glucose Agar (VRBGA, Biokar). called Caso/VRBG. and incubated for 2
days at 30°C.

2.5. Identification of bacterial isolates

Isolation of bacteria was performed from spoiled salmon samples as follows: 22 isolates from
each sample were randomly selected by picking colonies from plates of the highest dilution
showing growth: 10 colonies from LH and 3 colonies from Elliker, IA, STAA and Caso/VRBG,
respectively. 66 collected isolates were purified twice on brain heart infusion agar (BHI,
Biokar). Each isolate was then characterised for Gram reaction with KOH (Gregersen, 1978),
catalase activity by the 3% H,O, method, and cytochrome oxidase production by Bactident
Oxidase reagent (Merk, Darmstadt, Germany). The chromosomal DNA of 65 isolates was
extracted using the Qiagen DNeasy Blood and Tissue Kit (Qiagen, S.A., Courtaboeuf,
France). 16S rRNA gene was amplified by PCR with primers fD1 and rD1 (Table 1). All the
oligonucleotide PCR primers used in this study were obtained from Invitrogen (Invitrogen,
Cergy Pontoise, France) and are listed in Table 1. The PCR mixture (50 ul) contained as final
concentrations: 200 pmol I of deoxynucleotide triphosphate mix (Interchim, Montlugon,
France), 1x Taq buffer (10 mmol I'* Tris—HCI [pH 9.0], 50 mmol I'* KCI, 1.5 mmol I* MgCl,,
0.1% Triton X-100, 0.2 mg/mL BSA), 1.5 U of Taq DNA polymerase (Interchim), 0.4 pmol I
of each primer, and 1uL of template DNA. PCR amplification was performed in a PTC-100
Thermocycler (MJ Research Inc., Watertown MA, USA) using the following protocol: initial
denaturation (94°C for 10 min), followed by 35 cycles of denaturation (94°C for 1 min), primer
annealing (56°C for 1 min 15 sec) and extension (72°C for 1 min 15 sec). A final extension at
72°C for 7 min was performed. PCR products were checked in a 1.5% (w/v) agarose gel
(Invitrogen) containing GelRed™ (FluoProbes®, Interchim) (0.5 X), and were subsequently
visualised by UV illumination ImageMaster VDS-CL (Amersham, Pharmacia Biotech, Orsay,
France). The PCR product length was evaluated with a DNA Ladder MassRuler™ High
range (#SMO0393) (Fermentas Life Science, Vilnius, Lithuania). The partial nucleotide
sequence (about 700 bp) of the amplified 16S rRNA gene was determined with an
automated sequencer (Beckman Coulter Genomics, Takeley, UK) using the internal primer
SP1 (not published) for all 65 strains. The resulting sequences were then submitted to the
Basic Local Alignment Search Tool program (BLAST) available at the National Center for
Biotechnology Information (NCBI, Bethesda, USA, http://www.ncbi.nim.nih.gov/) for
representation of sequence and similarity searches in the GenBank database. For each
group of strains identified as belonging to a bacterial species or genus by partial sequencing,
the 16S rRNA gene was completely sequenced (about 1500 bp) for one or several
representative strains of each group. Anticipated possible errors of sequencing reactions
were corrected by sequencing both DNA strands with a set of 5 internal primers of the 16S
rRNA gene (not published). The 5 resulting sequences were assembled into a unique contig



with BioEdit sequence alignment software (Hall, 1999). The contig sequences were then
submitted to the National Center for Biotechnology Information.

2.6. TTGE analysis

2.6.1. Direct bacterial DNA extraction from the salmon matrix

The suspension prepared for bacteriological analysis was used to obtain molecular
fingerprints from the salmon matrix. In order to separate the eukaryotic cells and DNA of
salmon from the bacterial cells, 10 ml of homogenised suspension was filtered on a
Nucleospin Plant L column (Macherey-Nagel, Gutenberg, France) by centrifugation at 11700
g for 10 min at room temperature. The supernatant was carefully removed and the bacterial
cell pellet was resuspended in 400 pL of enzymatic lysis solution (20 mM Tris-HCI, pH 8.0, 2
mM sodium EDTA, 1.2% Triton X-100, 20 mg/ml lysozyme, 11.6 U mutanolysine) then
transferred into a 2 ml microtube and incubated at 37°C for 1 h. A mechanical lysis step was
then performed by addition of 0.3 g of glass beads (150 to 200 um diameter) and shaking
during two cycles of 2 min in a bead beater MM200 (30 Hz) (Retsch, Haan, Germany).
Proteins were digested by proteinase K (20 mg/ml) with 200 pl of AL buffer (DNeasy blood
and tissue kit, Qiagen, Courtaboeuf, France) and incubated at 56°C for 30 min. To pellet the
glass beads, centrifugation at 9500 g for 3 min was carried out and the supernatant was
transferred to a 2 ml microtube to perform nucleic acid precipitation by addition of 200 pl of
ice-cold absolute ethanol. DNA purification was carried out using a DNeasy blood and tissue
kit as described in the Qiagen instruction manual.

2.6.2. PCR amplification

The chromosomal DNA of the 65 strain isolates and bacterial DNA from the salmon matrix
were analysed by PCR-TTGE.

Primers V3P2 and V3P3-GC-Clamp (Table 1) were used to amplify V3 region (194 bp) PCR-
amplicons as described previously (Jaffrés, et al., 2009). The size of the PCR products was
determined in a 1.5% (w/v) agarose gel (Invitrogen) using an exACTGene 100 bp PCR DNA
Ladder (Fisher Scientific, lllkirch, France).

2.6.3. TTGE gel analysis

The PCR products obtained from the V3 16S rRNA gene fragment amplification were
subjected to TTGE analysis. TTGE was performed using the DCode universal mutation
detection system (BioRad, Marne-la-Coquette, France). Polyacrylamide gels, 16 cm by 16
cm by 1 mm, were constructed with two layers including resolving and stacking gels.
Resolving gels were prepared with 9.5% (w/v) acrylamide stock solutions (acrylamide-
bisacrylamide; 37.5:1) and a final urea concentration of 8 M. Stacking gels were prepared
without urea, with 16% (w/v) acrylamide stock solutions (acrylamide-bisacrylamide; 37.5:1).
Gels were prepared and run with 1.25X TAE buffer diluted from 50X TAE buffer (2 M Tris
base, 1 M glacial acetic acid, 50 mM EDTA). Chemical polymerisation of acrylamide gels
was initiated by ammonium persulphate and the quaternary amine N,N,N’,N’-
tetramethylethylenediamine (TEMED) after pouring into the vertical glass plate sandwich.
Following polymerisation, gels were left overnight at 4°C. Before loading the PCR products,
the wells were rinsed with 1.25X TAE buffer. 30 pL of PCR products with 1X of loading buffer
were loaded onto wells. The electrophoresis run was performed at 50 V for 12 h 30 min with
a temperature gradient of 65°C to 70°C (rate of 0.4°C. h-1) under stirring with a magnetic



stirrer to mix the buffer and improve the temperature gradient homogeneity (Ogier, et al.,
2002). After the run, gels were rinsed for 20 min in Milli-Q water (Millipore, Molsheim,
France), stained for 30 min in 300 ml of 3X GelRed™ staining solution (FluoProbes®,
Interchim) in H,0 with 0.1 M NaCl, then rinsed for 20 min in Milli-Q water and photographed
by UV illumination ImageMaster VDS-CL (Amersham).

2.6.4 TTGE ladder and fingerprint analysis

Standardisation, analysis and comparison of TTGE fingerprints were monitored using
BioNumerics Software, version 6.0 (Applied Maths NV, Sint-Martens-Latem, Belgium). A
TTGE ladder was prepared by pooling the V3 amplicons of DNA obtained from pure cultures
of 10 bacterial strains chosen to produce fingerprints spread over the gel. The software
standardises TTGE profiles to minimise migration differences between gels by alignment of
the ladders in the different gels.

2.6.5. TTGE fragment cloning and sequencing

Bands excised from TTGE gels using a sterile blade were eluted in 200 pl of Milli-Q water.
The eluted DNA (10 pl) was re-amplified with primers V3P2 and V3P3-GC-Clamp and the
amplicons were subjected to TTGE analysis to confirm their relative positions. The eluted
DNA was then re-amplified with primers V3P2 and V3P1 (V3P3 lacking the GC clamp)
(Table 1). PCR products were then purified with the MinElute PCR Purification Kit (Qiagen)
and cloned in the pCR®4-TOPO® vector then transformed in chemically competent
Escherichia coli DH5a, using the TOPO TA cloning kit (Invitrogen). Cloning of the PCR
products was necessary because TTGE analysis revealed weak bands in addition to the
excised bands after re-amplification (Ogier, et al.,, 2002). Between 5 and 10 clones were
selected for each excised band and these were submitted to plasmid DNA extraction with a
Qiaprep Miniprep kit (Qiagen). A PCR amplification of cloned fragments was then carried out
with V3P3 and V3P2 primers and the amplicons were subjected to another TTGE to select
the positive clones that contained specifically the V3 fragment corresponding to the excised
band without artefact bands. Cloned insert sequencing with M13 reverse and T7 P forward
primers, sequence comparison and phylogenetic analyses were conducted as described
above.

3. Results

3.1. Sensory characteristics of raw salmon

After 3 days of storage, batches B, A and C were considered as “non-spoiled” by 100%,
90.9% and 72.7% of the panellists, respectively (Table 2). At day 7, the level “strongly
spoiled” was used by 72.7 to 100% of the panellists, according to the batch. At the end of
storage, batch C seemed less strongly spoiled compared to day 7; however, the three
batches were still evaluated “highly spoiled” by more than 50% of the panellists.

The evolution of the degree of spoilage was associated with different odour characteristics as
illustrated in Table 2. At the beginning of storage (day 3), the three batches presented a
rather low overall odour intensity, mainly characterised by marine and grass odours. After 7
days, the overall odour intensity increased in the three samples and the characteristics of
fresh salmon (marine, grass) were replaced by new odours, qualified as acid, sour and
amine, related to spoilage. Batches kept these odour characteristics after 10 days of storage.



Compared to batches A and C, batch B also presented a significantly higher note of
cheese/feet and had a tendency to develop the acid note less.

3.2. Chemical analysis

Total volatile basic nitrogen (TVBN) and trimethylamine (TMA) production are shown in Figs.
1 and 2, respectively. TVBN levels did not exceed 15 mg-N TVBN 100 g™ until 3 days of
storage for all the batches. After 7 days of storage, the production reached about 22 mg-N
TVBN 100g™ for batch A and 26 mg-N TVBN 100g™ for the other two batches. The highest
production was observed at the end of the storage period, attaining about 30 mg-N TVBN
100g™, for the 3 batches.

Up to 3 days of storage, no TMA production was found in batches A and C and the initial
content in batch B was below 3 mg-N TMA 100g™. In the spoiled products, the production
rose by nearly 10 for all the batches. The maximal TMA level was observed at the end of
storage for the 3 batches reaching approximately 12 to 14 mg-N TMA 100g™.

3.3. Enumeration of the different bacterial groups

After 3 days of storage at 2°C, all the batches presented a relatively variable contamination
level. In batch A, the different flora did not exceed 3 Log CFU.g™. In batches B and C, TPVC
reached approximately 5 Log CFU.g™ and the other flora did not present a count higher than
about 3 Log CFU.g™ except for LAB (5 Log CFU.g™) in batch C. The latter appeared to be
the most initially contaminated batch.

At day 7, when all the batches were spoiled, the microbiota of the three batches greatly
increased and presented the same contamination level with almost 8.5 Log CFU.g™ for the
TPVC (Figure 3). The main part of the flora consisted of LAB, which reached a value of 7.5
Log CFU.g™ in batches A and B and 9 Log CFU.g™ in batch C. Batches A and B presented
the same level of Brochothrix with approximately 6 Log CFU.g™* while it was about 4.5 Log
CFU.g* in batch C. Enterobacteriaceae counts were higher in batches B and C, 6.5 Log
CFU.g"and 7.0 Log CFU.g"* respectively, and only 5.3 Log CFU.g" in batch A. H,S-
producing bacteria reached 3.5 Log CFU.g™ in batch A and 5.3 Log CFU.g™ in the other two
batches .

Finally, microbiota levels remained quite constant until the end of storage (day 10) for the
three batches.

3.4 Identification of bacterial isolates

The phenotypic tests (Gram reaction, oxidase, catalase) grouped 65 isolates out of 66 from
the 3 batches (only 1 isolate never grew in laboratory conditions in BHI broth). These were
divided into 43 Gram-negative bacteria with 38 “oxidase-negative” and 5 “oxidase-positive”
isolates. An appreciable proportion of Gram-positive bacteria were also found with 22
isolates including the LAB group showing catalase-negative reactions (12 isolates) and the
catalase-positive group (10 isolates).

The isolates were identified by 16S rRNA gene partial sequencing and distributed into 15
different genera or species (Table 3). The Gram-negative bacteria were mainly identified as
Serratia spp. (21 isolates, 13 of them were identified at species level as Serratia
proteamaculans) and Photobacterium phosphoreum (18 isolates). Using total 16S rRNA
gene sequencing, 4 of the 13 S. proteamaculans isolates were confirmed as S.
proteamaculans and 3 of the Serratia spp. isolates were identified as Serratia quinivorans.
Concerning the P. phosphoreum isolates, the total 16S rRNA gene was sequenced for 3 of
them. However, the results did not discriminate between P. phosphoreum and



P. iliopiscarium. In fact, these two species cannot be distinguished by 16S rRNA gene
comparison. This observation has already been made by Ast and Dunlap (2005). The last 4
Gram-negative isolates identified by total sequencing were 3 Enterobacteriaceae (Yersinia
intermedia, Hafnia alvei, Buttiauxella gaviniae) and 1 Pseudomonas sp..

The LAB group contained isolates identified by partial sequencing as Carnobacterium
maltaromaticum (4), Carnobacterium divergens (2), Lactococcus piscium (3), Lactobacillus
fuchuensis (1), Vagococcus sp. (1) and Leuconostoc gasicomitatum (1). The 10 strains
belonging to the Gram-positive and catalase-positive group were identified at species level
as Brochothrix thermosphacta. Identification results were confirmed by total 16S rRNA gene
sequencing for 2 isolates of C. maltaromaticum, 2 C. divergens, 1 Lc. piscium, 1 Lb.
fuschuensis, 2 B. thermosphacta and 1 Ln. gasicomitatum. Using this technique, the
Vagoccocus sp. isolate was. tentatively identified at species level as V. carniphilus.

3.5. TTGE analysis

TTGE analysis enabled the dynamics of the microbiota to be visualised by examining
fingerprints of the dominating bacterial groups evolving during storage (Figure 4). In order to
analyse the TTGE patterns and to detect the presence of bacterial species, fingerprints of the
different samples were compared with those of pure strains isolated from these batches: C.
maltaromaticum, C. divergens, B. thermosphacta, Lc. piscium and P. phosphoreum. These
strains isolated from the spoiled salmon batches belong to species whose patterns are
already known. In fact, these species are present in different seafood products and have
already been studied by PCR-TTGE in our laboratory.

By comparing band migration positions, 7 bands (from Lp1l to Lp7) could be assigned as Lc.
piscium, 7 others as P. phosphoreum (Ppl to Pp7) and the weak band Btl as B.
thermosphacta.

In some cases, when no assignation was possible with known profiles or for weak band
assignation, the identification was performed by cloning and sequencing of the gel-excised
bands. Using cloning, bands corresponding to Pseudomonas sp. were identified in all the
batches (cloned bands Psl, Ps2 and Ps3) while the weak band Btl was confirmed as
Brochothrix sp. In the different batches, bands Ppl, Pp3, Pp4 and Pp8 were confirmed as P.
phosphoreum and bands Lp3 and Lp6 corresponded to Lc. piscium.

For each batch, a different profile was observed between samples stored for 3 days and
those stored for 7 or 10 days, which both presented the same profile. At day 3, batch A was
characterised by the presence of Pseudomonas and Brochothrix. Some weak bands could
correspond to P. phosphoreum although this was not confirmed by cloning. The profile
observed at day 3 for batch B was quite similar with an additional band clearly identified as
P. phosphoreum. Batch C showed a different profile with Lc. piscium and Pseudomonas. An
unidentified band was detected in the three samples and disappeared in each case at days 7
and 10.

At day 7 and day 10, Pseudomonas was no longer detected in the three batches whereas
Lc. piscium and P. phosphoreum were observed. A weak band could be assigned to B.
thermosphacta in sample A7 and another one to C. maltaromaticum in sample B7 but this
one was not confirmed by cloning.



4. Discussion

Several studies have been devoted to raw salmon, notably on the effect of MAP on the shelf
life duration (Sivertsvik, et al., 2002), but the bacterial ecosystem has not yet been
thoroughly described. In the present work, changes in the sensory quality of fresh salmon
packed under MAP and vacuum were assessed by sensory analysis and the compaosition of
its microbiota was studied using culture-dependent and culture-independent approaches.
The sequence of the storage temperatures was inspired by the shelf life validation protocol
used by professionals. This protocol mimicked the route followed by the product from the
store to the consumer’s fridge.

Regarding sensory analysis results, the 3 salmon steak batches were considered strongly
spoiled after 7 days of storage although, according to the suppliers, the batches had a shelf
life of 8 days. This is an example of the quality problem appearing with non-compliant
products rejected before the use-by-date. The point of sensory rejection of raw salmon under
MAP has been studied in several works and the shelf life is variable, mainly depending on
the temperature of storage and the CO, concentration: 5 days for salmon steaks under MAP
(60% CO,-40% N,) stored at 5°C, 3 days for those stored at 10°C and 17 days for salmon
fillets stored at 2°C (Sivertsvik, et al., 2002). Emborg, et al. (2002) found a shelf life of 14 and
21 days for two salmon steak batches under MAP (60% CO,-40% N,) stored at 2°C.

After 7 days, amine and sour odours were described as the main sensory characteristics of
spoilage of the 3 batches studied here, corresponding to results obtained in previous studies
(Emborg, et al., 2002; Hansen, et al., 2009). Moreover, acid/vinegar was also perceived in
our samples. After 10 days of storage, a significant cheese/feet odour was detected in batch
B but not in the others. This sensory characteristic could possibly be due to its different type
of packaging (under vacuum) although Hansen, et al. (2009) did not detect differences in
characteristic odours for spoiled salmon under MAP or vacuum.

According to European Community regulation n°2074/2005((EC), 2005), the TVBN limit for
Atlantic salmon is 35 mg-N TVBN 100g™. Although the highest production of TVBN in the 3
batches is below this value (about 30 mg-N TVBN 100g™), they were considered strongly
spoiled. It has already been shown that this parameter, often used as a spoilage quality
indicator for seafood kept on ice, displays lower values for fish stored in a CO, atmosphere
and considered spoiled by sensory analysis (Sivertsvik, et al., 2002). There is no regulation
concerning the TMA level but beyond 12 mg-N TMA 100 g*, the product quality is generally
considered damaged. After 7 days of storage, when the 3 batches were rejected by the
panellists, none of the batches tested here exceeded this limit. Our results confirm that levels
of TVBN or TMA are not closely linked to the sensory quality of salmonid fish stored under
MAP or vacuum.

The initial microbial contamination level of fresh MAP salmon batches, between 3 and 5 Log
CFU.g™ for TPVC, was similar to those found in previous studies: 3 Log CFU.g™ (Schirmer,
et al., 2009) and about 4 Log CFU.g"* (Fletcher, et al., 2002). Batch C, which presented the
highest initial bacterial number, also spoiled fastest confirming that initial contamination is a
crucial parameter to control in order to ensure shelf life. When the 3 batches were
considered spoiled (7 days), the TPVC reached its maximal value of 8.5 Log CFU.g™.
However, spoilage does not depend only on the high level of contamination but rather on
which microorganisms are present on the product. Indeed, the spoilage microflora is made
up of microorganisms that have actively contributed to the spoilage, called Specific Spoilage
Organisms (SSO), and microorganisms that have grown without affecting the sensory quality
(Gram, et al., 2002). Nevertheless, SSO have to be present at least at 7 Log CFU.g™* to
produce enough metabolites responsible for spoilage. Plate count results at spoilage time
(day 7) presented TPVC and LAB as the main flora for the 3 batches followed by



Enterobacteriaceae for batches B and C. Some previous studies have already demonstrated
that CO, packaging allows the growth of LAB with an association of Gram-negative
fermentative bacteria such as P. phosphoreum (Gram & Dalgaard, 2002; Gram, et al., 2002;
Sivertsvik, et al., 2002). In vacuum packaging, like under MAP, the microflora typically
becomes dominated by LAB and Gram-negative fermentative bacteria, including
psychrotrophic Enterobacteriaceae, in addition to some species of Shewanella capable of
anaerobic respiration (Gram & Huss, 1996). Most of these bacterial groups cited above were
found in the isolates picked from Petri plates at the time of spoilage. Identification of the 30
TPVC isolates from LH showed a majority of Gram-negative bacteria (26/30 isolates), in
particular P. phosphoreum (18 isolates) and Enterobacteriaceae (8 isolates) like Serratia
sp..The latter (21 isolates, including 13 S. proteamaculans and 3 S. quinivorans) were also
isolated from CASO/VRBG and IA. Among our isolates, there was also a significant
proportion of Gram-positive bacteria with a majority of B. thermosphacta and LAB such as C.
maltaromaticum, C. divergens, Lc. piscium, Lb. fuchuensis, V. carniphilus and Ln.
gasicomitatum. LAB isolates were found for the most part on Elliker media but also on IA
media. Indeed, the H,S-producing isolates were identified as LAB (3 isolates) and
Enterobacteriaceae (6 isolates) although this medium was made to detect Shewanella sp.
(Gram, et al., 1987).

In our study, no real differences were observed between MAP and vacuum-packed batches
either in the bacterial counts or in isolate identification or in PCR-TTGE profiles.

TTGE and DGGE techniques were used to display changes within the bacterial community
due to temperature variation, changes in atmosphere, etc... PCR-TTGE enabled the
dominant bacterial species present in the products to be highlighted and microbiota
dynamics to be observed in our batches. Major visible species represented from 1% to 100%
of the total flora ((Jaffrés, et al., 2009; Ogier, et al., 2002)). For each batch, the main switch
in flora observed between sample stored for 3 days and the other two stored for 7 and 10
days was probably due to the packaging (under MAP or vacuum) and the temperature
change during storage. Indeed, day 3 samples were stored at 2°C whereas day 7 and day 10
samples both underwent a cold chain break (2 hours at 20°C) and spent the end of storage
at 8°C.

Using TTGE, we have shown that Pseudomonas sp. was one of the major microflora
detected in the 3-day samples at the beginning of storage and was no longer detected from
day 7. Under aerobic storage, the microflora of fish from temperate water is dominated by
psychrotrophic aerobic Gram-negative bacteria, in particular Pseudomonas sp. and S.
putrefaciens (Gram & Huss, 1996; Sivertsvik, et al., 2002). It is well known that CO,
packaging inhibits these bacteria in fish and meat products (Gram & Huss, 1996;
Mastromatteo, et al., 2010; Mastromatteo, et al., 2009; Reynisson, et al., 2009) explaining
why they were not detected by TTGE in our batches and few were identified among the
isolates at the time of spoilage.

B. thermosphacta was identified but only in batch A. This result is in accordance with
bacterial counts showing that this species, accounting for less than 1% of TPVC, was nhot
dominant.

After 7 days of storage, a turnover was observed in all the spoiled matrices tested in favour
of Lc. piscium and P. phosphoreum. Identification of these two species as main flora by
PCR-TTGE is in agreement with the culture results obtained. Lc. piscium belonging to LAB
was enumerated on Elliker and LAB were found as the major bacterial group present on the
samples while P. phosphoreum was one of the main species identified in the TPVC isolates.

In previous works, it has been observed that sometimes multiple bands occur for a single
species and can result in an overestimate of the number of species present in complex
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ecosystems (Ogier, et al.,, 2002; Parayre, et al., 2007). In pure culture, P. phosphoreum
showed several main bands: 5 main bands in PCR-DGGE (Hovda, et al., 2007). In this study,
P. phosphoreum pure strain presented four main bands. Moreover, on the TTGE profile of
batch C stored for 7 days, one band (Pp8) identified as P. phosphoreum had a different
migration position compared to other darker bands identified as P. phosphoreum (bands Ppl
to Pp7). This phenomenon can be explained by the presence of several ribosomal genes
with sequence heterogeneity (Parayre, et al., 2007).

We can suppose that some of the predominating bacterial groups present at the time of
spoilage play a role in product deterioration. In previous studies, P. phosphoreum has been
identified as the SSO responsible for TMA production and spoilage of MAP cod in Denmark
(Dalgaard, 1995; Dalgaard, et al., 1993). This organism is also likely to be of importance for
spoilage of several MAP marine fish species stored at chilled temperature (Dalgaard, et al.,
1997). In fresh MAP salmon stored between 1 and 2°C, P. phosphoreum has been observed
as the dominating spoilage microflora (Emborg, et al., 2002; Hansen, et al., 2009) and as an
SSO responsible for the spoilage of this product. P. phosphoreum was identified as one of
the bacterial microbiota in farmed halibut by PCR-DGGE methods (Hovda, et al., 2007).
Reynisson, et al. (2009) also confirmed the importance of P. phosphoreum as a spoilage
organism during storage of cod loins at low temperature using molecular techniques.
Moreover, this recent study also revealed that the high predominance of P. phosphoreum
was observed in all cod samples tested under MAP and air except in the newly packaged
samples, which were dominated by Sphingomonas spp. and Pseudomonas fluorescens.

S. proteamaculans is known as a typical spoilage bacterium of vacuum-packed pork and
beef meat (Ercolini, et al., 2009; Schirmer & Langsrud, 2010) and it has also been identified
in seafood like cold smoked salmon (Joffraud, et al., 2006; Stohr, et al., 2001), processed
fresh edible sea urchin microbiota (Kajikazawa, et al., 2007), and cooked tropical shrimps
(Jaffrés, et al., 2011; Jaffrés, et al., 2009). A previous investigation on salmon steaks stored
at 2°C under COo/air (40/60, v/v) atmosphere showed that Gram-positive bacteria such as
LAB and Brochothrix were dominating the spoilage flora (de la Hoz, et al., 2000). More
precisely, Rudi, et al. (2004) observed C. maltaromaticum, C. divergens and B.
thermosphacta as the dominant flora in salmon fillets packed in an atmosphere consisting of
60% CO, and 40% N, stored for 12 days at 5°C and 18 days at 1°C. Jaffrés, et al. (2009)
described major Gram-positive flora on cooked tropical shrimps. Some strains of C.
maltaromaticum are already known for their spoilage abilities on different products (meat,
seafood products) (Afzal, et al., 2010; Leisner, et al., 2007; Leroi, 2010), conversely some C.
divergens have shown their ability to inhibit growth of pathogens such as Listeria
monocytogenes (Brillet, et al., 2005; Duffes, et al., 2000) and C. maltaromaticum is used for
technological aspects in cheese (Afzal, et al., 2010). A few strains of Lc. piscium are of
interest in seafood biopreservation (Matamoros, et al., 2009). It is notable that this study
demonstrates the presence of V. carniphilus in seafood. This strain has been isolated in
meat (Shewmaker, et al., 2004) but Jaffrés, et al. (2010, 2009) have also identified some
isolates as V. carniphilus, V. fluvialis and the new species V. penaei in cooked shrimp.

5. Conclusion

To our knowledge, this is the first report using PCR-TTGE to compare the predominant
bacterial composition and diversity in Atlantic salmon.

Combining sensory analysis, conventional microbial and culture-independent methods, the
spoilage microbiota of these 3 raw salmon batches have been described in this study.
Different groups or species have been identified as the main spoilage association bacteria
like LAB (Lc. piscium), Gram-negative fermentative bacteria (P. phosphoreum) and
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Enterobacteriaceae (Serratia spp.). Some of them have been detected by one type of
method or by both. In this work, the traditional microbial techniques enabled the bacterial
genus or species diversity to be appreciated more precisely than with the PCR-TTGE
method. However, the latter technique confirmed the identification results obtained and
enabled the dominant species and their dynamics during storage, due to the temperature
changes and the packaging, MAP or vacuum, to be displayed.

This approach has improved our knowledge of the bacterial populations present, their
dominance and their dynamics in spoiled raw salmon steaks packed under MAP or vacuum.
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Tables

Table 1: Sequences of oligonucleotide primers used for PCR amplification.

Primer Position Oligonucleotide sequence (5’— 3°) Annealing Reference

(°C)
fD1 16S rDNA gene, forward (positions 8 to 27). AGAGTTTGATCCTGGCTCAG 56 (Weisburg, et al., 1991)
rD1 16S rDNA gene, reverse (positions 1525 to 1542). TAAGGAGGTGATCCAGCC 56 (Weisburg, et al., 1991)
V3P1 16S rDNA gene, forward (positions 340 to 356). CCTACGGGAGGCAGCAG 62 (Parayre, et al., 2007)
V3P2  16S rDNA gene, forward (positions 517 to 533). ATTACCGCGGCTGCTGG 62 (Parayre, et al., 2007)
V3P3  16S rDNA gene, forward (positions 340 to 356) CGCCCGCCGCGCGLCGGCGGGLGGGGLGGE 62 (Parayre, et al., 2007)

with GC clamp.

GGGCACGGGGGCCTACGGGAGGCAGCAG
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Table 2: Spoilage level and sensory characteristics of three raw salmon batches: A and C
(packaged under MAP), B (packaged under vacuum), after 7 days of refrigerated storage (2°C for
3 days, break of 2 hours at 20°C and 8°C for 4 days).

3 days 7 days 10 days

A B cC A B c A B C

non-spoiled 90.9 100 72.7 0 0 0 0 0 0
Level * lightly spoiled 9.1 0 273 273 91 0 364 91 455
strongly spoiled 0 0 0 727 90.9 100 63.6 90.9 54.5

overall intensity 3.85  3.01 348 685 72 726 614 72 62

marine 271 199 16 045 035 039 08 05 04
grass 162 216 082 021 033 024 041 039 028
5 butter 023 016 052 056 045 088 062 04 053
Characteristics acid 015 008 015 253 294 292 225 145 3.34
sour 02 016 016 347 468 475 406 345 3.47
amine 005 006 006 34 357 311 206 271 292

feet/cheese * 0.08 0.11 0.07 0.73 0.9 1.23 053b 294a 1.29Db

'Percentage of panellists in each category of spoilage

Panel mean score for each sensory characteristic and each product (continuous scale from 0 to 10)
®Different superscript letters indicate significant differences between samples by two-way ANOVA and
multiple comparison test LSD (p < 0.05) and Duncan’s multiple comparison test (p < 0.05).
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Table 3: Identification and medium origin of the bacterial strains isolated from the 3 spoiled raw salmon batches; A and C (packaged under
MAP), B (packaged under vacuum).

Batch A Batch B Batch C
IDENTIFICATION TOTAL

Caso Caso Caso
LH ELK IA STAA VRBG LH ELK IA STAA VRBG LH ELK 1A STAA VRBG

Photobacterium phosphoreum 7 S 6 18
Serratia proteamaculans 1 2 3 1 1 3 2 13
Serratia quinivorans 1 1 3
Serratia sp. 1 1 3 5

Yersinia intermedia 1 1

1

1

1

=Y

Buttiauxella gaviniae 1
Hafnia alvei 1
Pseudomonas sp. 1

Brochothrix thermosphacta 2 3 2 3 10
Carnobacterium maltaromaticum 1 1 1 1 4
Carnobacterium divergens 2 2
Lactococcus piscium 1 2 3
Vagococcus carniphilus 1 1
Leuconostoc gasicomitatum 1 1
Lactobacillus fuchuensis 1 1

LH: Long and Hammer agar

ELK: Elliker agar

IA: Iron Agar

STAA: Streptomycin sulphate Thallous Acetate Agar

Caso VRBG: Caso agar VRBG: Violet Red Bile Glucose agar
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Figures

Figure 1: Total volatile base nitrogen (TVBN) production (mg-N 100 g™) in 3 batches of raw
salmon packed under modified atmosphere (A and C) and under vacuum (B), after 3, 7 or 10
days of refrigerated storage (2°C for 3 days, break of 2 hours at 20°C and 8°C for 4 days).
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Figure 2: Trimethylamine (TMA) production (mg-N 100 g*) in 3 batches of raw salmon
packed under modified atmosphere (A and C) and under vacuum (B), after 3, 7 or 10 days of
refrigerated storage (2°C for 3 days, break of 2 hours at 20°C and 8°C for 4 days).
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Figure 3: Changes in bacterial counts in the three batches of raw salmon: A and C
(packaged under MAP), B (packaged under vacuum), after 7 days of refrigerated storage
(2°C for 3 days, break of 2 hours at 20°C and 8°C for 4 days).
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Figure 4. Fingerprints and bacterial population dynamics of raw salmon during storage
Digitized TTGE profiles of 16S rRNA gene V3 regions obtained by PCR amplification from
bacterial DNA of three samples (day 3, day 7, day 10) from 3 different batches (A; B ;C)
stored at 2°C for 3 days, then 2 hours at 20°C and finally at 8°C for 7 days. Lanes Lc.
piscium; C. maltaromaticum; C. divergens, B. thermosphacta; P. phosphoreum: profiles of
pure strain isolated from the salmon batches. Lanes A3 to C10: salmon matrix profiles from
batches A, B, and C, respectively, obtained for each day of analysis. Excised band
identification obtained by sequencing and cloning V3 fragment (99-100% Identity in
Blastn/NCBI): Ps1, Ps2, and Ps3, Pseudomonas sp.; Bt 1 (weak band present but not visible
on this figure), identified as Brochothrix sp.; Ppl, Pp3, Pp4 and Pp8, P. phosphoreum; Lp3
and Lp6, Lc piscium; *, cloned bands with no identification results. Bands Lpl, Lp2, Lp4, Lp5,
Lp7 have been assigned as Lc. piscium and Pp2, Pp5, Pp7 as P. phosphoreum by
comparison with pure strain profiles. Vertical lines represent band classes determined from
the genera/species specific TGGE fingerprint
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