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ABSTRACT

Lactic acid bacteria (LAB) associated with three types of spoiled fish products,
vacuum-packaged cold-smoked and ‘gravad’ rainbow trout and semi-preserved
marinated herring, were enumerated and identified. Traditional phenotypic methods
were used for initial genus-level identification followed by species identification using
a 16+23S rRNA gene restriction pattern- (ribotyping) based database. Furthermore, a
study was made of the effect of two preservatives, potassium nitrate (KNO3) and
sodium nitrite (NaNO,), on the LAB isolated from vacuum-packaged cold-smoked
rainbow trout.

LAB were the mgjor fraction predominating in al samples of spoiled vacuum-
packaged cold-smoked rainbow trout, with or without the addition of nitrate or nitrite,
stored at 4°C and 8°C. In spoiled vacuum-packaged ‘gravad’ rainbow trout stored at
3°C and 8°C, LAB were found in lower numbers than the other bacterial groups were.
H,S-producing bacteria constituted a high proportion of the psychrotrophic counts. In
al spoiled herring samples, LAB were the only microorganisms detected. The dlight
rise in pH value together with the gas production and growth of a facultatively
heterofermentative organism suggested a rare LAB spoilage type caled ‘protein
swell.

The LAB isolates in al fish products studied were characterised by
phenotypical key tests enabling genus-level identification. For ribotyping, they were
initially grouped according to their restriction endonucleases profiles using EcoRlI
and/or Hindlll restriction enzymes. One strain representing each group was further
ribotyped. Lactobacillus sakei and Lactobacillus curvatus strains were detected in
both types of rainbow trout products, whereas Leuconostoc mesenteroides subsp.
mesenteroides and Leuconostoc citreum were detected only in the cold-smoked
product. On the other hand, carnobacteria were detected only in the ‘gravad’ product.
One Lactobacillus alimentarius clone was considered as the specific spoilage
organism in marinated herring samples with ‘ protein swell’.

When compared to the identification results obtained using the ribotyping
database, two of the phenotypic tests, the production of gas from glucose and the

growth on Rogosa SL agar, caused problems resulting in genus-level misclassification
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of leuconostocs and lactobacilli. Altogether 224 out of 469 LAB isolates from
vacuum-packaged cold-smoked rainbow trout were not assigned with phenotypic tests
to the corresponding genera detected by ribotyping. Only a few isolates of the cold-
smoked fish product could not be identified by ribotyping with the aid of the reference
strains used. All isolates could be identified from the vacuum-packaged ‘gravad’ fish
and the marinated herring.

The proportion of LAB in the spoilage microflora of vacuum-packaged cold-
smoked rainbow trout was higher in the nitrite- and nitrate-treated samples than in the
samples containing NaCl only. This was seen at both storage temperatures. The high
proportion of LAB was considered to be owing to resistance to nitrate and nitrite,

favoured by the anaerobic conditions.
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1. INTRODUCTION

Fish has been one of the main foods for humans for many centuries and still
congtitutes an important part of the diet in many countries. The advantages of fish asa
food are its easy digestibility and high nutritional value. Since 70% of the Earth’s
surface is covered by water, there are plenty of sources to harvest fish. The range of
fish productsis very large and includes foods prepared using a broad spectrum of both
traditional and modern food technologies.

In Finland, some 39 million kg of fish were processed in 1997. Domestic fish
processed accounted for about 33 million kg, of which about 10 million kg was
rainbow trout. Of this amount, 48% were filleted and 36% were hot- or cold-smoked
(Anonymous, 2000). In 1998, a total of some 70 million kg of fish was eaten,
equivalent to 14 kg of fish per person. In 1999, the consumption of domestic rainbow
trout (by filleted weight) was 1.6 kg per person (Anonymous, 2000).

Vacuum packaging is used to extend the shelf-life and to keep the quality of
fresh and processed fish. However, strict temperature control and storage at
refrigeration is required to ensure food safety and to guarantee high product quality.
During the storage favoured by anaerobic conditions, psychrotrophic LAB usually
become the dominant bacterial group or occur in very high numbers. Earlier studies
have shown LAB to be relevant in the spoilage flora of chill stored vacuum-packaged
cold-smoked (Truelstrup Hansen, 1995; Leroi et al., 1998; Jergensen et al., 2001) and
‘gravad’ (Kngchel, 1983; Leisner et al., 1994) fish products. The increasing popularity
of vacuum-packaged fish products calls for research into the role of LAB in the
spoilage microflora in order to ensure continued quality and a continuous supply of
shelf-stable choice products. Only few papers have been published dealing with the
composition of species in LAB spoilage flora in cold-smoked (Truelstrup Hansen,
1995; Leroi et al., 1998) and ‘gravad’ (Leisner, 1992) fish. Thus, there is a need for
further knowledge about the LAB species and their exact division in order to
understand more about their role in the spoilage process of vacuum-packaged fish
products.

In semi-preserved marinated fish, the nature of the marinating process, i.e. the

treatment of the fish with acetic acid and NaCl, inhibits the Gram-negative spoilage
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bacteria, which are sensitive to this kind of preservation. LAB may spoil a product if it
is not manufactured and stored correctly (Meyer, 1956b; Kreuzer, 1957; Lerche, 1960;
Reuter, 1965).

The identification of LAB in vacuum-packaged fish products has been mainly
based on traditional biochemical and physiological tests. However, these tests are
often time-consuming and sometimes entail difficulties resulting in the conflicting
identification of LAB (Dykes and von Holy, 1994; Schleifer et al., 1995; Bjorkroth et
al., 2000). Nowadays, genotypic methods provide a powerful tool in bacteria
characterisation and identification. Computer-assisted numerical analysis of resulting
macromolecular patterns and the identification of patterns of an unknown isolate
againgt libraries containing corresponding patterns of known species have been
successfully used for identification of LAB in spoiled foods (Bjorkroth and Korkeala,
1996b; Bjorkroth and Korkeala, 1997; Bjérkroth et al., 1998; Bjorkroth et al., 2000).
Ribotyping has been used for the taxonomic approach (Grimont and Grimont, 1986)
and later for the typing of epidemiological associated strains (Tenover et d., 1997). In
spoiled vacuum-packaged cold-smoked and ‘gravad’ fish products, reliable
identification of the different LAB species helps focus on the specific spoilage
organisms of those products. In spoilage cases, it is particularly important to be able to
rapidly identify the microorganisms causing spoilage so as to prevent further problems

with the same kind of product.



2. REVIEW OF LITERATURE
2.1. Lacticacid bacteria (LAB)

2.11. General propertiesof LAB

A group of Gram-positive, non-spore-forming strictly fermentative bacteria producing
lactic acid as the mgjor end product of sugar fermentation are called LAB. They are
devoid of cytochromes and are of a nonaerobic nature but tolerate air. LAB are
catalase-negative, athough pseudo-catalase can be found in rare cases.
Phylogenetically, they are a very diverse group of organisms and belong to the
clostridia branch of Gram-positive bacteria.

Two major pathways of hexose (e.g., glucose) fermentation can be
distinguished among LAB. Glycolysis (Embden-Meyer pathway) results in amost
exclusively lactic acid as the end product (homofermentative). The
6-phosphogluconate/phosphoketolase pathway results in significant amounts of other
end products, such as ethanol, acetic acid and CO; in addition to lactic acid
(heterofermentative). Based on the fermentative characteristics, lactobacilli can be
divided into three groups:. obligatory homofermentative, obligatory heterofermentative
and facultatively heterofermentative. Obligatory homofermentative lactobacilli
degrade hexoses exclusively to lactic acid and do not ferment pentoses or gluconate.
Obligatory heterofermentative lactobacilli degrade hexoses to lactic acid and
additional products such as acetic acid, ethanol and CO, and pentoses to lactic and
acetic acid. Facultatively heterofermentative lactobacilli ferment hexoses to lactic acid
and may produce CO, from gluconate but not from glucose. They also ferment
pentoses to produce lactic and acetic acid.

The LAB of importance for foods belong to the genera of Carnobacterium,
Enterococcus, Lactobacillus, Lactococcus, Leuconostoc, Paralactobacillus,
Pediococcus, Sreptococcus and Weissella (Sharpe, 1979; Kandler and Weiss, 1986;
Axelsson, 1993; Vandamme et al., 1996; Stiles and Holzapfel, 1997; Leisner et al.,
2000).



2.1.2. ldentification of LAB

Mainly classical phenotypical methods have been used to identify LAB. Specific DNA
primers or probes and numerical analysis of macromolecular banding patterns have

also been applied.

Classical phenotypic criteriafor genus-level identification of LAB

Bacteria that are Gram-positive, catalase-negative and grow on MRS agar can be
considered LAB. Traditional phenotypical tests constituted the basis for the
description, differentiation and identification of LAB. The first attempt to classify
LAB was made by Orla-Jensen (1919). This work still has a major impact on the
systematics of LAB, athough species-level identification has changed much in recent
years. Different key tests are being widely adopted and nowadays the morphology as
well as the physiological, metabolic/biochemical and chemotaxonomic methods are
mostly used. Physiological methods include, for example, growth at certain
temperatures and salt levels. Metabolic/biochemical methods include the production
of gas from glucose, the production of acids from carbohydrates, the hydrolysis of
arginine and the determination of the lactic acid configuration. Chemotaxonomic
methods, for example, include the detection of m-DPA in the peptidoglycan. Table 1
shows alist of identification of LAB generawith classical genus-level tests. There are
phenotypic overlaps between the genera and exception to the rules outlined in Table 1
can be found. With the increasing importance of LAB in the spoilage of modern
packed and chill stored foods, including fish products, their identification is becoming
dependent on more sophisticated methods.
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Specific primersand probesin theidentification of LAB

Molecular methods based on the knowledge of species-specific sequences, such as
hybridisation or PCR-amplification, require the use of specific probes and primers and
offer new opportunities for the identification of bacterial species. A probe is a
fragment of a single-stranded nucleic acid that will specificaly bind (hybridise) to
complementary regions of a target nucleic acid. There are three different approaches
to the design of nucleic acid probes, randomly cloned probes, probes complementary
to specific genes and gene fragments (16S or 23S rRNA targeted oligonucleotide
probes) and rRNA target probes (Schleifer et a., 1995). In addition to DNA
hybridisation techniques, specific areas of the genes encoding rRNA can be used as
templates for primer design for the detection of nucleic acid hybridisation (Van
Belkum, 1994).

Numerical analysis of macromolecular banding patterns as a means for lactic

acid bacterial identification

Species-specific macromolecular patterns, such as lipopolysaccharides, fatty acids,
proteins or DNA, have been used for bacterial identification. Strains belonging to the
same species share characteristic bands and can be compared to type or reference
strains in a database. Computer-assisted numerical comparison enables large numbers
of strains to be compared. Data matrices show the degree of similarity between the
strain profiles or patterns and the reference strains. Large-scale grouping anaysis
(species-specific cluster analysis) involves the creation of dendrograms or other means
to reveal groups of related organisms. Patterns of an unknown isolate can be identified

against libraries containing corresponding patterns of known species.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

Among the methods for species-level identification the SDS-PAGE of whole-cell
proteins or cell envelope proteins plays an important role and has been applied with

varying degrees of success for the discrimination of microbial strains (Vauterin et al.,
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1993). SDS-PAGE has been frequently applied to taxonomic studies with success in
LAB (Dicks and van Vuuren, 1987; Pot et al., 1993; Dykes and von Holy, 1994a;
Bjorkroth et a., 2001). In a study of LAB associated with the spoilage of modified
atmosphere-packaged raw tomato-marinated broiler meat strips Bjorkroth et al.
(2000a) successfully used both SDS-PAGE and ribotyping to identify Leuconostoc
species. Paludan-Mller et a. (1998), studying the role of Carnobacterium species in
the spoilage of vacuum- and modified atmosphere-packaged cold-smoked salmon,
used SDS-PAGE to identify the LAB as carnobacteria.

Restriction endonuclease analysis (REA) and 16+23SrRNA gene restriction patterns
(ribotyping)

Chromosomal DNA restriction endonucleases have been employed to identify
lactobacilli. Simple REA of DNA (Mancini and Parini, 1983; Stahl et al., 1990;
Johansson et al., 1995) has been used as a tool for separating different species of
lactobacilli. Each restriction endonuclease enzymatically cuts (“digests’) DNA in a
particular (“restricted”) nucleotide recognition sequence. This might be repeated
numerous times around the chromosome. The number and size of the restriction
fragments generated by digestion of a given DNA piece reflect the frequency and
distribution of the restriction sites. The fragments, ranging from approximately 1000
to 20 000 bp, can be separated by agarose gel electrophoresis and then visualised by
ethidium bromide staining using standard methods (Sambrook et a., 1989; Maslow et
a., 1993; Bingen et a., 1994; Tenover et a., 1997). The result of the agarose gel
electrophoresis is represented by a pattern of bands on the gel. The banding patterns of
the various DNA fragments are called a DNA fingerprint or profile.

All isolates are typeable by REA, however, it is very difficult to interpret the
complex profiles due to the consistence of hundreds of bands (Maslow et al., 1993;
Tenover et a., 1997). A probe, a specific chemically or radioactive labelled piece of
DNA or RNA, can be used to obtain stable and more easily interpretable patterns.
Complex DNA patterns generated after restriction enzyme digestion can be transferred
to a membrane (Southern blot) and then hybridised with the probe that binds to only a

limited number of DNA fragments with complimentary nucleic acid sequences. The
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locations of various restriction enzyme recognition sites within a particular genetic
locus can be polymorphic from strain to strain, resulting in bands of differing sizes
between unlike strains. Thus, restriction fragment length polymorphism (RFLP) refers
to the polymorphic nature of the locations of restriction enzyme sites within defined
genetic regions. Only the genomic DNA fragments that hybridise to the probes are
visiblein RFLP analysis (Olive and Bean, 1999).

A typica example of these developments is the determination of 16+23S
rRNA gene restriction patterns (ribotyping) (Grimont and Grimont, 1986) that is
based on patterns generated from the ribosomal RNA genes only. It has also been
successfully applied to identify lactobacilli (Rodtong and Tannock, 1993; Le Jeune
and Lonvaud-Funel, 1994; Johansson et al., 1995; Bjorkroth and Korkeala, 1996a;
Bjorkroth and Korkeala, 1996b). In ribotyping, nucleic acid probes are used to
recognise fragments containing al or parts of the genes' coding for rRNA. rRNA
operons contain three highly conserved genes' coding for 5S, 16S and 23S rRNA - al
“housekeeping genes’ essentia for cell division and reproduction. These operons are
usually present in 2 to 11 copies per bacterial chromosome to safeguard against DNA
damage. Consequently, several restriction fragments carrying rRNA sequences can be
observed (Grimont and Grimont, 1986). All bacteria carry these operons and are
therefore typeable. Theoretically, ribotyping is done by Southern transfer of the REA
gel onto a nylon membrane, which is hybridised with a labelled probe complementary
to ribosomal DNA. After probing, each fragment of bacterial DNA containing a
ribosomal gene will be highlighted, creating a fingerprint pattern containing
approximately 1 to 15 bands that can be easily compared among isolates (Farber,
1996). With a commercialy available system, all stages of ribotyping can be
performed and the basic protocol takes at least 5 days (Grimont and Grimont, 1986)
manually. However, the development of an automated ribotyping system, the
RiboPrinter®, (Qualicon Inc., Wilmington, Del., USA) made it possible to shorten the
procedure to 8 hours (deBoer and Beumer, 1999). Originally, ribotyping was intended
for taxonomic use (Grimont and Grimont, 1986) but it was also later applied for the
typing of epidemiologically associated strains (Maslow et al., 1993; Bingen et al.,
1994; Tenover et a., 1997). However, due to its weak discriminatory power as a
typing method other techniques have replaced it (Maslow et al., 1993; Farber, 1996).

14



It has been successfully used for at least the identification of the genera of
Lactococcus (Rodrigues et a., 1991), Enterococcus (Hall et a., 1992), Leuconostoc
(Bjorkroth et a., 1998), Lactobacillus sakei (Sanz et a., 1998), Corynebacterium
(Bjorkroth et al., 1999), Clostridium botulinum (Hielm et a., 1999), Leuconostoc
(Bjorkroth et al., 2000) and Weissella (Bjorkroth et al., 2001).

PCR-based methods

Randomly amplified polymorphic DNA (RAPD) anaysis and amplified fragment
length polymorphism (AFLP) are techniques based on the numerical analysis of PCR
and used for identification.

In RAPD assay, aso referred to as arbitrary primed PCR, patterns are generated
by the amplification of random DNA segments with single short (typically 10 bp)
primers of arbitrary nucleotide sequence. The primer is not targeted to amplify any
specific bacteria sequences and will hybridise at multiple random chromosome
locations and initiate DNA synthesis. After separation of the amplified DNA
fragments by agarose gel electrophoresis, a pattern of bands results which is
characteristic of the particular bacteria strain (Williams et al., 1990; Welsh and
McClelland, 1992; Maunier and Grimont, 1993). The RAPD assay has been shown to
be suitable for different bacteria (Mazurier and Wernars, 1992; Stephan et a., 1994)
including Lactobacillus spp. (DuPlessis and Dicks, 1995). It allowed discrimination at
species level (van der Vossen and Hofstra, 1996). However, the use of empirically
designed primers makes standardisation of the method difficult and the discriminatory
power largely depends on the primers used (Welsh and McClelland, 1992; Maunier
and Grimont, 1993; Kerr, 1994).

AFLP is a genome fingerprinting technique based on the selective amplification
of a subset of DNA fragments generated by restriction enzyme digestion and
visualised by agarose gel electrophoresis (Vos et a., 1995). AFLP has been more
recently applied to bacterial characterisation (Janssen et a., 1996; Koeleman et al.,
1998; Kunene et a., 2000) and it has been reported to generate species-specific
patterns that may be useful in identifying bacteria.
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2.2. LAB associated with fish and fish products

2.2.1. LABinfreshfish

LAB are not considered as belonging to aquatic environments, but certain species (i.e.
Carnobacterium, Vagococcus, Lactobacillus, Enterococcus, Lactococcus) have been
found in freshwater fish and their surrounding environment (Austin and Austin, 1992;
Huss, 1995; Stiles and Holzapfel, 1997; Gonzédlez et a., 1999, 2000; Ringa et al.,
2000). Carnobacteria, C. piscicola in mgjority and lower numbers C. divergens, have
been reported as a part of the normal intestinal microbial population of many fish
species, for example, Atlantic salmon (Salmo salar), wild pike (Esox lucius) and wild
brown trout (Salmo trutta) (Ringg and Gatesoupe, 1998; Gonzédlez et d., 1999;
Gonzdlez et a., 2000; Ringg et al., 2000). On the other hand, C. piscicola (Hiu et d .,
1984; Baya et al., 1991) and Lactobacillus sp. (Cone, 1982) have been associated with
fish diseases. C. piscicola appears to have a low virulence to fish and it seems to be
most susceptible when the fish is exposed to stress conditions, such as handling
(Starliper et d., 1992). However, the importance of carnobacteria as a fish pathogen
cannot be accurately assessed (Schillinger and Holzapfel, 1995).

2.2.2. LABin fish products

Vacuum-packaged hot-smoked fish products

The few studies dealing with vacuum-packaged hot-smoked fish that have been
undertaken concentrate on the influence of processing and on the microbiological
quality. At the end of storage at different chilled temperatures, LAB were found in
numbers ranging from 10° to 10° CFU/g (Schulze, 1985; Jockel et al., 1986; Paleari et
a., 1990; Zorn et a., 1993). Zorn et a. (1993) reported carnobacteria dominating in
vacuum-packaged hot-smoked rainbow trout at the end of the storage period at 8°C
and 20°C.
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Vacuum-packaged cold-smoked fish products

Earlier studies of vacuum-packaged cold-smoked fish have concentrated on the
hygienic quality, with the shelf-life at storage temperature and salt concentration being
the main factors studied. At the end of shelf-life a variable microflora with respect to
proportions of LAB, Enterobacteriaceae and other bacteria has been observed in the
products stored at chilled temperatures. In vacuum-packaged cold-smoked fish
products, the spoilage microflora has usually been dominated by LAB at varying
levels ranging from 10° to 108 CFU/g (Magntisson and Traustadéttir, 1982; Schneider
and Hildebrandt, 1984; Hildebrandt and Erol, 1988; Beltran et al., 1989; Shimasaki et
a., 1994; Civera et al., 1995; Jargensen et al., 2001; Joffraud et al., 2001). In some
cases LAB counts of between 10° and 10’ CFU/g together with counts of Gram-
negative bacteria from 10° to 10’ CFU/g were detected (Paludan-Miller et al., 1998).
Truelstrup Hansen (1995) concluded that in vacuum-packaged cold-smoked salmon at
the time of sensorial rejection, three different types of microflora were present,
dominated by LAB, LAB and Enterobacteriaceae or LAB and Photobacterium
phosphoreum. Also Leroi et al. (2001) distinguished at the time of spoilage for the
same type of fish product three different types of microflora: lactobacilli, a mixture of
lactobacilli and Enterobacteriaceae or a mixture of LAB and Brochothrix
thermospacta. Testing the effect of different sat additions on the spoilage
characteristics, Truelstrup Hansen et al. (1996) found marine vibrio dominating in
normal dry salted salmon and a mixture of LAB and Enterobacteriaceae in injected-
brined salmon at the time of spoilage. Furthermore, differences in the bacterial counts
can be seen between fillets and dliced vacuum-packaged cold-smoked salmon
(Truelstrup Hansen et a., 1998). Severa factors influence the spoilage flora in
vacuum-packaged cold-smoked fish products. Size and composition of the developing
microflora depend on the quality of the raw material, the in-house flora of the
processing plant and the production method (Truel strup Hansen, 1995).

LAB dominating in spoiled vacuum-packaged cold-smoked fish products
include the genera of Lactobacillus, Leuconostoc, Lactococcus and Carnobacterium.
Magnisson and Traustadottir (1982) reported the complete dominance of

homofermentative lactobacilli in vacuum-packaged cold-smoked herring. In vacuum-
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packaged cold-smoked salmon and herring, Lactobacillus curvatus has been found in
majority together with lower numbers of Lactobacillus sakei, Lactobacillus
plantarum, Lactococcus spp. and Leuconostoc mesenteroides (Truelstrup Hansen,
1995; Gancel et a., 1997; Leroi et al., 1998; Paludan-Mdiller et al., 1998). Paludan-
Mdller et al. (1998) reported carnobacteria as the major genus of the LAB microflora
in spoiled vacuum-packaged cold-smoked salmon dominated by Carnobacteria
piscicola. In the same product type, Leroi et al. (1998) detected carnobacteria during
the first 2 weeks of storage and then observed a change with the appearance of
Lactobacillus farciminis, Lactobacillus sakei and Lactobacillus alimentarius at the

end of storage.

Vacuum-packaged ‘gravad’ fish products

Limited research has been conducted into the development and composition of the
spoilage microflora in vacuum-packaged ‘gravad’ fish products stored at chilled
temperatures. Usually LAB dominated the microflora at the end of the storage period
(Kngchel, 1983; Leisner, 1992, Leisner et a., 1994) and different genera in different
proportions were identified. The magjority of them were assigned to carnobacteria
(Leisner, 1992; Leisner et al., 1994) or L. sakei (Jeppesen and Huss, 1993) besides
lower numbers of Leuconostoc spp., L. curvatus and Weissella viridescens (Leisner et
al., 1994).

Semi-preserved marinated fish products

Spoilage of semi-preserved marinated fish products, seen as gas formation after some
weeks of storage, may occur due to the growth of non-putrefactive organisms such as
acetic acid-tolerant LAB (Blood, 1975). Thus, the nature of the marinating process,
i.e. the treatment of the fish with acetic acid and sodium chloride, is responsible for
the type of bacterial spoilage (Blood, 1975). Meyer (1956a) reported a type of lactic
acid bacterium spoilage in blown canned semi-preserved marinated fish and called it
‘protein swell’. The swelling is caused by production of CO, by LAB through the

decarboxylation of amino acids in the absence of fermentative carbohydrates.
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Ammonia production by bacterial deamination of amino acids has been assumed to be
the reason for the increase of pH observed in the spoiled product. It has been
suggested that the acetic acid provides an acidic environment suitable for the action of
proteolytic enzymes present in fish muscle. The products of proteolysis, i.e. amino
acids, provide an energy source for the growth of acetic acid-tolerant LAB, leading to
CO; production (Meyer, 1962a; Stamner, 1976). ‘Protein swell’ caused by LAB
growth has also been associated with anchovy-stuffed olives (Harmon et al., 1987). L.
plantarum and L. brevis have been identified, and enzymes originating from the
anchovy were considered to be the reason for initial proteolysis. In spoiled modified-
atmosphere-packaged raw tomato-marinated broiler meat strips, ‘protein swell’ was
caused by a mixed LAB population dominated by Leuconostoc species (Bjorkroth et
a., 2000a).

In contrast to ‘protein swell’, CO, formation during ‘carbohydrate swell’,
results from the heterofermentative utilisation of glucose and so very low pH values
can be observed. In a case of L. fructivorans spoilage in tomato ketchup, pH values of
3.3to 3.4 were detected (Bjorkroth and Korkeala, 1997).

Lactobacillus spp. have been identified as the specific spoilage organisms in
unspoiled and spoiled marinated herring (Meyer, 1956b, 1962b; Kreuzer, 1957,
Lerche, 1960; Reuter, 1965; Erichsen, 1967; Sharpe and Pettipher, 1983).
Heterofermentative Lactobacillus spp. as L. brevis, L. buchneri and L. fermentum
have predominated in different kinds of spoiled herring types (Meyer, 1956b; Kreuzer,
1957; Lerche, 1960; Meyer, 1962b; Reuter, 1965; Erichsen, 1967; Sharpe and
Pettipher, 1983). L. plantarum and L. delbruckii subsp. lactis (L. leichmannii),
possessing homofermentative glucose metabolism have been detected in some
spoilage cases (Lerche, 1960; Meyer, 1962b; Sharpe and Pettipher, 1983). In
unspoiled marinades, L. buchneri and L. delbruckii subsp. lactis have been identified
(Reuter, 1965).

Impact of LAB in the spoilage of fish products

The role of LAB in the spoilage of vacuum-packaged cold-smoked and ‘gravad’ fish
products is till not clear. Various studies reported testing the spoilage potential of
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lactobacilli and carnobacteria on sterile or semi-sterile models and inocul ated
vacuum-packaged cold-smoked fish. Some LAB strains were found to be able to
produce some characteristic off-odours associated with the spoilage of cold-smoked
salmon (Truelstrup Hansen, 1995) or they did not produce any spoilage off-odour
(Leroi et al., 1996; Leroi et al., 1998; Paludan-Miiller et a., 1998). Leisner (1992)
showed that no or very faint off-odours were produced by LAB compared with the
strong off-odours produced by the Gram-negative spoilers. Joffraud et al. (2001)
reported Lactobacillus spp. that released large amounts of volatile compounds and
therefore was possibly responsible for the off-odours perceived on spoiled vacuum-
packaged cold-smoked salmon. According to the same authors, the strong butter odour
produced from C. piscicola did not affect the sensory quality of the product. The
spoilage process called ‘protein swell’ in semi-preserved marinated fish products
caused by LAB is better understood (Meyer, 1956a; Meyer, 1962b; Stamner, 1976).

2.3. Processing factors predisposing to L AB spoilage in fish products

In the past, preservation of fish, such as air-drying, smoking, salting and pickling in
brine permitted greater availability and use of fish as food. Nowadays, the
preservation of fish and fish products, as appliesto al food, is based on a combination
of severa factors to delay or prevent the growth of food spoilage microorganisms so
as to extend shelf-life and secure microbia safety, stability and sensory quality
(Gould, 2000). Reducing the growth of fast-growing spoilage bacteria through the
application of different preservation hurdles results in the selection of LAB as the
main group of spoilage microflora. The main hurdles applied in fish and fish products
are a low storage temperature, the use of salt, nitrite and acids, smoking or packaging

in vacuum or under modified atmosphere.
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2.3.1. Storagetemperature

Storage temperature is the most important environmental parameter influencing the
growth rate and type of spoilage microorganisms of highly perishable foods such as
fish products. Storage at chilled temperature, one of the most widely practised
methods of controlling microbial growth, reduces contaminating microorganisms that
cause spoilage and prolongs the shelf-life of the fish. Storage temperatures below the
growth optimum lead to extended generation times and lag times, and the growth rate
decreases. Storage temperatures below the growth minimum result in a continued
extension of the lag-phase until multiplication ceases and the growth of the
microorganisms stops (Doyle et a., 1997). In the temperature range between 0 and
10°C, minor changes have an enormous effect on bacteria growth (Huss, 1988;
Korkedla et a., 1989). However, refrigeration cannot kill or completely eliminate
spoilage bacteria but will limit the spoilage to psychrotrophic microorganisms, which
can grow in products chilled at a temperature of below 7°C (Ashie et al., 1996; Huis
in't Veld, 1996).

LAB tend to grow slowly at refrigeration temperatures (Huisin't Veld, 1996).
Under anaerobic conditions at temperatures below 20°C, psychrotrophic LAB, which
are capable of growth at 5°C or below, enable successful competition with other
psychrotrophic spoilage microoganisms (Doyle et a., 1997). Psychrotrophic LAB
include carnobacteria, leuconostocs and Weissella spp., but also some facultatively

heterofermentative lactobacilli, such as L. sakei and L. curvatus (L licke, 1996a).

2.3.2. Effect of preservatives

Salt

The preservation of fish products by rendering the fish unsuitable for microbia
proliferation has long been realised by reducing the water activity (a,) through drying

or the addition of solutes. During curing, which includes the processes of salting,
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brining or sugar curing, the concentration of soluble substances increases either by
abstracting water or by causing substances to diffuse (Horner, 1997). In addition to the
preservation effect, salting is applied as a presmoking treatment in order to provide
flavour, to prevent discolouration and to firm the fish flesh (Southcott and Razzell,
1973; Deng et al., 1974). The most commonly used salt is sodium chloride (NaCl),
which is added in two different ways, dry salting or wet salting (brining). In dry
sdting the fish is covered with an amount of salt corresponding to 5-10% of the
weight of the fish and the brine formed is alowed to drain away. In brining, the
product isimmersed in a prepared salt solution of a particular degree of salt saturation
(Dillon et a., 1994; Horner, 1997). NaCl is more effective than other safe, common
and cheap food solutes, such as sugar (Horner, 1997). Besides age and type of the
brine and curing duration, the effect of salt on bacterial activity is concentration-
dependent (Sofos, 1984; Leroi et a., 2000). In smoked fish products, the sating
process, mostly injection brining, plays an important role. The salt denatures the
surface protein and, with drying, the denatured protein forms a skin-like layer on the
product surface, known as pellicle. It protects the inner part of the fish and keeps the
smoke aromainside the fish (Horner, 1992; Dillon et al., 1994).

Curing typically results in a shift from a population in raw freshwater fish
dominated by Gram-negative bacteria to one in which Gram-positive organisms
dominate (ICMSF, 1998). Gram-negative bacteria are considered to be more salt
sensitive than Gram-positive bacteria (Salama and Khalafalla, 1993; Leroi et a.,
2000). This might be because of the inhibition of enzymatic systems of some
microorganisms due to the toxicity of chloride ions (Leroi et a., 2000). LAB are able
to grow in relatively high NaCl concentrations (Castellani and Niven, 1955; Deloquis,
1988; Korkeadla et a., 1992). Of the psychrotrophic LAB, Leuconostoc and
Carnobacterium spp. tolerate less salt (Licke, 1996b). Gancel et a. (1997),
characterising lactobacilli from vacuum-packaged salted and smoked herring, found
66 out of a total of 77 strains to be resistant to 10% NaCl. However, studying the
effect of smoke and salt on the microflora of vacuum-packaged cold-smoked salmon
stored at 5°C for 5 weeks, Leroi et a. (2000) reported that total viable and LAB

counts were mainly inhibited by a 5% salt concentration.
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Nitrate, Nitrite

Nitrite and nitrate have been used as preservatives in several meat, fish and cheese
products (Ingram, 1973; Kolbein Dahle, 1979; Skovgaard, 1992). Both components,
commonly used together with NaCl, are considered curing salts. Sodium nitrite
(NaNO,) in combination with NaCl is responsible for the colour and for most of the
texture, flavour, safety and storage stability characteristics in cured meat products
(Kolbein Dahle, 1979; Sofos et a., 1979; Dodds and Collins-Thompson, 1984,
Sebranek and Fox, 1985; Skovgaard, 1992). Nitrite is an important antimicrobial
agent. It has been shown to have an inhibitory effect on bacteria spoilage and
Clostridium botulinum growth and toxin production also in fish (Sofos et a., 1979;
Pierson and Smoot, 1987; Hyytia et al., 1997). Nitrite can form undissociated nitrous
acid (nitric oxide, NO). Nitric oxide reacts with iron-sulphur complexes to form iron-
nitrosyl complexes that disrupt the function of iron- and sulphur- containing enzymes,
such as ferredoxin, in the bacterial cells (Woods et a., 1981; Woods and Wood, 1982;
Pierson and Smoot, 1987; Reddy et a., 1992). Because LAB lack ferredoxin, they are
resistant to nitrite (Castellani and Niven, 1955; Nielsen, 1983; Skovgaard, 1992).
However, due to its capability under certain conditions to react with amines forming
carcinogenic nitrosamine compounds, many European countries restrict or prohibit the
use of nitrite (Pelroy et al., 1982; Walters, 1992; European Parliament and the
Commission of the European Communities, 1995).

Nitrate is widely used as an additive in the production of cured meat products
and, to alesser extent, in the preservation of fish and cheese products (Leistner, 1973;
Poulsen, 1980; Massey and Lees, 1992; Meah et al., 1994; Sanz et a., 1997). In the
Scandinavian countries it has been added to the curing salt mixture of certain pickled
fish products to control microbial activity during storage in barrels (Pederson and
Meyland, 1981; Kngchel and Huss, 1984). Nitrate has been permitted in pickled
herring and sprats in Finland and other EU Member States (European Parliament and
the Commission of the European Communities, 1995; Ministry of Trade and Industry,
Finland, 1999). It acts as a reservoir of nitrite in the presence of nitrate-reducing
bacteria, but exerts a little or no bacteriostatic or bacteriocidal effect per se in the

concentrations used (Skovgaard, 1992). After reduction to nitrite an activity in foods
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may be expected (Dahle, 1979). Micrococci, staphylococci and pseudomonads are
able to use nitrate as an alternative electron acceptor to oxygen under vacuum
(Yamanakaet a., 1959; Taylor and Shaw, 1975; Doelle, 1975).

Acids

Since pH influences the susceptibility to microbia growth, acidification, for example,
by the addition of acids, is used in the preservation of many foods as well as in fish
products (Lund and Eklund, 2000). Acid-curing is performed in marinated fish by salt,
vinegar (acetic acid), sugar and preservatives, resulting in a pH below 5.0. The acid
and/or salt-treatment is applied to inhibit spoilage or to reduce the activity of salt- and
acid-sensitive putrefactive Gram-negative bacteria (Blood, 1975). Lactobacillus
species tolerate high acid concentrations and can therefore be important spoilage
organisms in acetic acid preserves, such as salad dressings, conserves, pickled
vegetables and marinated fish products. L. fructivorans caused spoilage of tomato
ketchup containing acetic and benzoic acid, which reduced the initial pH of 3.8 to 3.3
— 3.4 (Bjoérkroth and Korkeala, 1997).

2.3.3. Smoking

Smoking, one of the oldest methods of preserving fish, combines the effects of salting,
drying, heating and smoke (Blight et a., 1988). The smoke contains a wide variety of
organic congtituents such as phenolic and carbonyl compounds and organic acids
(Shewan, 1949; Shewan, 1961; Daun, 1979; Asita and Campbell, 1990; Horner,
1997). These bacteriostatic and bactericidal compounds, together with the concerted
action of low water activity, the applied heat and enzymatic protein and lipid changes,
inactivate autolytic enzymes and retard spoilage microorganisms (Gilbert and
Knowles, 1975; Asitaand Campbell, 1990; Salama and Khalafalla, 1993; Dillon et al.,
1994; Sirkorski, 1994; Ashie et a., 1996). Usually the smoke compounds adhere to
the surface of smoked fish and accumulate not deeper than 1 mm under the skin
during storage (Sirkorski, 1994; Truelstrup Hansen, 1995; Marc et al., 1998). Smoke
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has an effect on odour and taste (Southcott and Razzell, 1973; Karnop, 1980). It may
mask spoilage changes and therefore affect the relationship between sensory and
microbiological analyses (Ristiniemi and Korkeala, 1998). A strong correlation
between sensory results and the total aerobic plate count has been observed at the end
of the shelf-life of untrested modified atmosphere- and vacuum-packaged fish
products (Scott et al., 1984). No clear association between microbia levels and
sensory changes has been established for vacuum-packaged cold-smoked fish
products (Magnusson and Traustad6ttir, 1982; Leroi et al., 1998; Truelstrup Hansen et
a., 1995; Truelstrup Hansen et al., 1998).

It has been shown that smoking effects a change from Gram-negative to Gram-
positive microflora, probably due to the greater sensitivity of the Gram-negative
bacteria to the antimicrobia compounds of the smoke (Liston, 1980; Salama and
Khaafalla, 1993; Truelstrup Hansen, 1995; Efiuvwevwere and Ajiboye, 1996).
Gancel et al. (1997) studied lactobacilli from vacuum-packaged salted and smoked
herring and found all isolated strains to be resistant to liquid smoke. However, Leroi
et a. (2000) did not find any difference in senditivity to smoke directly after the
process between Gram-negative bacteria, (Vibrio spp., Pseudomonas spp., Shewanella
putrefaciens, and Photobacterium spp.) and Gram-positive bacteria (LAB and
Brochothrix spp).

There has been a change in production from traditional smoke-preserved fish
towards lightly smoke-flavoured fish products (Horner, 1992). In industrialised
countries, smoking is primarily required to produce a lightly salted, lightly smoked
product of attractive appearance, odour and flavour. Seafood producers use two types

of smoking processes, hot-smoking and cold-smoking.

Hot-smoking

Hot-smoking is a process in which the fish is exposed to a temperature of at least
70°C in order to cook the flesh in addition to smoking. During the process, a brine-
soluble protein pellicle is formed on the surface. This pellicle takes up most of the
antioxidant and bacteriostatic substances from the smoke. After hardening, it

represents a barrier against the further invasion of bacteria (Horner, 1992; Dillon et
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al., 1994). After the hot-smoking process, most of the competitive bacteria present in
the raw material are eliminated (Horner, 1992). Therefore, hot-smoked fish products
are susceptible to contamination by pathogenes such as Listeria monocytogenes,
because, unlike cold-smoked fish, there is no competitive background flora in hot-
smoked fish and post-processing contamination might more easily lead to the
multiplication of pathogens during storage (Jemmi and Keusch, 1992). Thus, a hot-
smoked product has to be refrigerated prior to further packaging (Dillon et a., 1994).

Cold-smoking

Cold-smoked fish is processed at smoking temperatures not higher than 28°C (Horner,
1992). The formation of a pellicle, a result of denaturation of the surface protein
during salting, is essentia in the same way asin hot-smoking (Horner, 1992; Dillon et
a., 1994). The products are preserved by salt levels of 2% to 3% NaCl (w/w) and are
often vacuum-packaged. Several fish species are used as raw materia, including
salmon (Salmo salar), herring (Clupea harengus) and rainbow trout (Oncorhyncus
mykiss). The cold-smoking process does not destroy the natural microbial population
or psychrotrophic pathogens of the raw fish, nor does it decrease the water activity
enough to inhibit post-process microbia growth (Horner, 1992; ICMSF, 1998).
Therefore, ready products must be stored at chilled temperatures (ICMSF, 1998; Gram
and Huss, 2000). Cold-smoked fish comes under lightly preserved fish products and is
typically consumed as ready-to-eat products without heat treatment.

2.34. 'Gravad’ process

Salting is the most important step in processing ‘gravad’ fish. The Swedish term
‘gravad’ originates from the original way of preparing the fish wrapped in leaves and
buried in sand or peat (From and Huss, 1988). Additionaly, the fish is filleted and
salted and spices are added. This processing method has a long tradition in fish

preparation in the Nordic countries. Dry salting and injection brining are used in
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industrially produced ‘ gravad’ fish because the salting process can be better controlled
(From and Huss, 1988).

Nowadays, fish is filleted and salt, sugar, dill, sometimes pepper and fennel
are added. The fillets go through a maturing process of 1-3 days. The ready product is
sold diced or as afillet, packed in cling film or under vacuum and stored at chilled
temperatures. Salmon (Salmo salar), herring (Clupea harengus), rainbow trout
(Oncorhyncus mykiss), mackerel (Scomber scombrus) and Greenland haibut
(Reinhardtius hippoglossoides) are used as raw material. Fish products of this type
come under lightly preserved and ready-to-eat fish products, characterised by a salt
content of 3%-6% NaCl (w/w) and a pH of > 5, and are typically consumed without
heat treatment.

2.3.5. Semi-preserved marinated fish products

Marinating means curing raw or cooked fish in a low pH (below 5.0) solution
containing acetic acid, salt and sometimes spices. Cold marinated-products of this
type come under the category of semi-preserves. Semi-preserves such as marinated
herring are not heat-treated, are therefore not sterile and have a limited shelf-life of up
to six to twelve months in chilled storage (<10°C) (Borgstrom, 1953; McLay and
Pirie, 1971; Blood, 1975; Gram and Huss, 2000). Extended shelf-life is achieved by
the use of preservatives such as benzoic acid (Somers, 1975). Lactobacillus spp. have
been identified as the specific spoilage organisms in unspoiled and spoiled herring
marinades (Meyer, 1956b, 1962b; Kreuzer, 1957; Lerche, 1960; Reuter, 1965;
Erichsen, 1967; Sharpe and Pettipher, 1983). Besides LAB, yeasts were also found in
the marinating liquids or in the fresh herring (Lerche, 1960), also causing spoilage of
the herring marinades (Somers, 1975).
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2.3.6. Packaging

Different forms of packaging, such as modified atmosphere- and vacuum packaging,
are used to extend the shelf-life and to keep the microbiological quality of fresh and
processed fish as high as possible (Scott et al., 1984; Bremner and Statham, 1987,
Pellegrino et al., 1990). Furthermore, packaging protects the fish product from
contamination, fat oxidation, shrinkage and colour deterioration.

The most important factor in the microbiology of packaged perishable foods
like fish is the relative permeability of the packaging material to O,, CO, and water
vapour (Cavett, 1968; Adams and Moss, 2000). Each gas has a specific effect on the
shelf-life of the fish by inhibiting or slowing down the physico-chemical changes and
the respiration rates of the spoilage microorganisms and by reducing their growth as

well asretarding enzymatic spoilage (Finne, 1982; Wilhelm, 1982).

M odified atmosphere packaging

In MAP, normal air is replaced with gases such as CO,, O, and N, Various amounts
in different combinations are used. Bacteria initially present in the product show
different responses to CO, and O, contents of the atmosphere. Therefore, selection of
the appropriate levels of these gases makes it is possible to alter the flora developing
during chilled storage (Finne, 1982). The proportion of every gas component is fixed
when the mixture is introduced into the package and no further control is made during
the storage (Flick et a., 1991, Reddy et a., 1992; Davies, 1997). The composition of
the gas mixture changes during storage from its initial composition as a result of the
chemical and enzymatic activity of the product and microbia activity (Hintlian and
Hotchkiss, 1986; Young et al., 1988). The effectiveness of the MAP system in the
preservation of fish lies in the combined inhibitory effect of low storage temperature
and the carbon dioxide atmosphere in the package on microbia activity (Gray et a.,
1983).
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Vacuum packaging

Vacuum packaging can be defined as a form of MAP since the removal of air is, in
itself, a modification of the atmosphere (Wilhelm, 1982; Hlick et al., 1991; Davies,
1997). In vacuum packages, slow diffusion of atmospheric O, through the high-
oxygen barrier film leaves only residua O, (1%). This amount is absorbed through
chemica reactions with compounds in the product, through any residual respiratory
activity in the product and microbial activity (Adams and Moss, 2000). The residual
levels of CO, (10% to 20%) in the packages are due to the metabolism of the product
tissue and microorganisms (Silliker and Wolfe, 1980; Smith et a., 1990). Aside from
the gases in the package, the initial quality of the fish and proper temperature control
throughout storage are important for the success of vacuum packaging (Wilhelm,
1982; Clingman and Hooper, 1986). Recent years have seen vacuum packaging
increasingly used for the retail packaging of different kinds of products, including fish
(Adams and Moss, 2000).

Effect of the gases on the microflora

CO,, O, and N, have different effects on the different bacteria species. CO,, the most
inhibitory gas, has a strong antimicrobial action, which varies between different
microorganisms (Gould, 2000). It is responsible for extending the lag phase of
bacterial growth and for decreasing the growth rate during the log phase (Farber,
1991). The bacteriostatic effect of CO, depends on the gas concentration, the initial
bacterial count and the type of fish product (Finne, 1982; Gray et a., 1983). CO; is
highly soluble in water, forming carbonic acid that may lower the pH (Smith et d.,
1990). The antimicrobial efficacy of CO, is greatly enhanced as the storage
temperature of the product is reduced due to its increasing solubility with decreasing
temperature (Gould, 2000). Thus, to guarantee maximum antimicrobial effect, the
storage temperature should be kept as low as possible (Finne, 1982; Farber, 1991).
Aerobic spoilage bacteria such as Gram-negative bacteria like Pseudomonas and
Flavobacterium, Gram-positive bacteria like Micrococcus as well as moulds and

yeasts are very CO, sensitive, whereas facultatively anaerobes, such as
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Enterobacteriaceae, are less sensitive. Gram-positive bacteria, including LAB and
Brochothrix thermospacta and obligatory anaerobic bacteria, are usually resistant to
CO; (Silliker and Wolfe, 1980; Moalin, 1983; Clingman and Hooper, 1986; Ward and
Baj, 1988; Pellegrino et a., 1990; Smith et a., 1990; Flick et a., 1991; Farber, 1991;
Adams and Moss, 2000).

The main effect of O, is to maintain the organoleptic properties, such as the
colour and taste, of the fish product and to reduce the drip (Pellegrino et al., 1990;
Stammen et a., 1990). O, generaly stimulates the growth of aerobic bacteria and can
inhibit strictly anaerobic bacteria (Davies, 1997), but suppresses certain
psychrotrophic Gram-negative bacteria such as Moraxella spp. and Acinetobacter spp.
(Pellegrino et al., 1990). LAB tolerate the ambient partial pressure of molecular O
(Licke, 19964).

N, is used in MAP as an inert filler to balance the gas, displace oxygen and to
keep the package from collapsing. It has a negligible effect on bacterial growth and
shelf-life (Davies, 1997).

During modified atmosphere- and vacuum packaging, storage results in a shift
from an initial Gram-negative aerobic microflora to a predominantly Gram-positive
facultatively anaerobic spoilage microflora and usually psychrotrophic LAB become
the dominating spoilage flora (Stenstrém, 1985; Pellegrino et al., 1990; Farber, 1991).
The LAB sdlection is generally recognised as beneficial for shelf-life because their
growth can inhibit more potent spoilers due to antagonistic activities such as the
production of organic acids, hydrogen peroxide and CO, and the synthesis of
antibiotics and bacteriocins (Daeschel, 1989; Lindgren and Dobrogosz, 1990).
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3. OBJECTIVESOF THE STUDY

The main objectives of the study dealing with LAB in spoiled vacuum-packaged cold-

smoked and ‘gravad’ rainbow trout and semi-preserved marinated herring were to

1) study the proportions of LAB in the microbial flora of spoiled vacuum-packaged
cold-smoked rainbow trout fillets and ‘gravad’ rainbow trout dices stored at
chilled temperatures and semi-preserved marinated herring showing clear bulging

of lids and gas formation when stored at chilled temperatures,

2) identify the LAB species associated with spoiled vacuum-packaged cold-smoked
and ‘gravad’ rainbow trout and marinated herring to genus level using
phenotypical tests and to species level using restriction endonuclease analysis- and

rRNA gene restriction analysis (ribotyping) -based database,

3) compare the results from phenotypical genus-level identification of the LAB to the
corresponding results obtained using ribotyping,

4) evauate if the fish product type has an effect on the developing spoilage LAB

species division,

5) evauate the effect of NaNO, and KNO; on the LAB of vacuum-packaged cold-
smoked rainbow trout stored at 4°C and 8°C.
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4. MATERIAL AND METHODS

4.1. Samples(l, I1,111)

Immediately after processing, samples of vacuum-packaged cold-smoked (I) and
‘gravad’ (Il) Finnish rainbow trout (Oncorhyncus mykiss) were sent to the laboratory
and stored at either 4°C or 8°C (1) and at either 3°C or 8°C (Il). Microbiologica
analyses and sensory evaluation of the samples of vacuum-packaged cold-smoked
rainbow trout were carried out once a week (l). Sample units of three vacuum-
packaged ‘gravad’ rainbow trout packages were withdrawn from both temperatures
for further analyses (I1). Samples were studied microbiologically after 3, 6, 8, 10, 13,
15, 17, 18, 20, 22, 24, 27, 29 and 31 days and sensoridly after 8, 15, 18, 20, 22, 27
and 31 days after production (I1).

Twelve glass jars containing three types of marinated herring (Clupea hargenus
harengus) from different lots produced by a single company were sampled for analysis
(111). Ten of these showed clear bulging of lids and gas formation indicating spoilage,
and two jars were of normal appearance. At the time of analysis, there were seven
months of the expected shelf-life still remaining. All the glass jars contained herring
cut into pieces, water, saccharose, NaCl, onions, vinegar, spices and sodium benzoic
acid as a preservative. The two normal (nos. 1 and 2) and six of the spoiled (nos. 3 to
8) samples contained only the basic ingredients described above. Three spoiled
samples (nos. 9 to 11) also contained garlic and one spoiled sample (no. 12) additional
onion to the basic marinade. According to the manufacturer, the salt concentration of

each sample was 3%.

4.2. Bacterial strains(l, 11,1V, V)

In study I, at least 10 colonies of the highest dilutions that yielded colonies were
selected at random from the APC plates (Difco, Detroit, Michigan, USA) when the
total bacteria count was >10’CFU/g. For samples stored at 4°C, totals of 99, 110 and

100 isolates were obtained from the spoilage flora from cold-smoked fish containing

32



NaCl only, NaCl together with KNO3z and NaCl together with NaNO,, respectively.
For samples stored at 8°C, totals of 104, 108 and 99 isolates were obtained from the
flora from samples containing NaCl only, NaCl together with KNOs; and NaCl
together with NaNO,, respectively.

Following the initial grouping of the microbia flora, atotal of 405 LAB were
identified from spoiled cold-smoked rainbow trout (IV). For samples stored at 4°C,
totals of 44, 91 and 77 isolates were obtained from the flora from samples containing
NaCl only, NaCl together with KNO3; and NaCl together with NaNO,, respectively
(IV). For samples stored at 8°C, totals of 45, 61 or 87 isolates were obtained from the
flora from samples containing NaCl only, NaCl together with KNO3z; and NaCl
together with NaNO,, respectively (1V).

In study Ill, the isolation of LAB from the unspoiled and spoiled herring
product resulted in selection of six and 200 isolates, respectively. All six isolates
growing on MRS agar (Oxoid, Basingstoke, UK) from the unspoiled samples were
included. Of all spoiled samples, half of the isolates analysed originated from MRS
agar (Oxoid), and the other half from Rogosa SL agar (Orion Diagnostica, Espoo,
Finland).

A total of 296 LAB isolates from the spoiled ‘gravad’ rainbow trout stored at
3°C or 8°C were identified (V), 128 and 168 isolates originated from samples stored at
3°C and 8°C, respectively.

All LAB strains (111, IV, V) were stored at -70°C in MRS broth (Difco). Before
use, they were subcultured overnight in 10 ml MRS broth at 30°C, plated on MRS
agar (Oxoid) and incubated anaerobically at 25°C for 5 days using amodel BR 38 gas-
generating kit (Oxoid) in an anaerobic jar.

The following LAB type strains were included in the studies (111, 1V, V): from
the ATCC Weissella viridescens ATCC 12706, Weissella halotolerans ATCC 35410,
Carnobacterium piscicola ATCC 35586, Carnobacterium divergens ATCC 35677,
Lactobacillus sakei subsp. sakel ATCC 15521, Lactobacillus curvatus subsp. curvatus
ATCC 25061, Lactobacillus plantarum ATCC 14971, Lactobacillus hilgardii ATCC
8290, Lactobacillus collinoides ATCC 27612, Lactobacillus brevis ATCC 148609,
Lactobacillus buchneri ATCC 4005, Lactobacillus fructivorans ATCC 8288, from the
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BCCM/LMG Leuconostoc citreum LMG 9824, Weissella hellenica LMG 15125,
Weissella kandleri LMG 14471, from the CCUG Leuconostoc mesenteroides subsp.
cremoris CCUG 21965, Lactobacillus sakei subsp. carnosum CCUG 31331,
Lactobacillus curvatus subsp. melibiosus CCUG 34545, Lactobacillus fermentum
CCUG 30138, from the DSM Leuconostoc mesenteroides subsp. mesenteroides
DSM 20343, Leuconostoc mesenteroides subsp. dextranicum DSM 20484,
Leuconostoc pseudomesenteroides DSM 20193, Weissella paramesenteroides DSM
20288, Lactobacillus alimentarius DSM 20249, Lactobacillus curvatus subsp.
curvatus DSM 20019 and from the NCFB Leuconostoc gelidum NCFB 2775 and
Leuconostoc carnosum NCFB 2776. In addition to the type strains, the reference strain
of Carnabacterium piscicola SMRICC 192, was used.

4.3. Microbiological analyses(l, I, 111)

In studies I, 1l and I1I, a 10 g portion of the sample was aseptically weighed in 90 ml
of 0.9% NaCl (w/v) and 0.1% (w/v) peptone water in a sterile plastic bag, and then
blended in a Stomacher 400 Lab Blender (Seward Medical, London, UK) for 30
seconds. All dlices in a ‘gravad’ rainbow trout package (II) were chopped up in a
Moulinex Food Processor (La Moulinette, type D 56, Paris, France) before weighing.
Ten-fold serial dilutions were used for microbiological analyses. In study |, the APC
was determined by the method of the Nordic Committee on Food Analysis (1986)
using Plate Count Agar (Difco). In study II, MVC and H,S-TC were performed in
pour plates with Iron agar (IA) according to the method of the Nordic Committee on
Food Anaysis (1994). The Iron agar plates were counted after 3 days aerobic
incubation at 21°C. PV C was carried out using the spread plate method on TSA agar
(Tryptic soy agar, Merck, Darmstadt, Germany) according to Truelstrup Hansen et al.
(1998). The TSA plates were counted after 5 days' aerobic incubation at 10°C.

LAB counts in studies I, Il and Il were determined by the method of the
Nordic Committee on Food Analysis (1991) using MRS agar (Oxoid). In study I,
Rogosa SL agar (Orion Diagnostica) was cultured parallel to MRS agar (Oxoid). All
strains were stored at -70°C in MRS broth (Difco). Before use, they were subcultured
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overnight in 10ml MRS broth (Difco) at 25°C and then plated on MRS agar (Oxoid).
All plates were incubated anaerobically at 25°C for 5 days in an anaerobic jar with a
H2+CO, generating kit (Oxoid).

Yeasts in study 11l were determined by the method of the Nordic Committee
on Food Analysis (1993) using OGY E agar (Oxoid).

4.4. Phenotypical criteriafor distinguishing LAB from other bacterial
groups (I, I, 111)

All isolates were Gram-stained, tested for haemolytic activity (Columbia agar base,
GIBCO BRL, Paidey, UK) and for catalase production (Baird-Parker, 1979).
Furthermore, the bacteria were examined for oxidase production using Kovacs reagent
(Kovacs, 1956).

All LAB isolates were tested for growth on MRS agar (Oxoid) (1, I1, 111) and on
Rogosa SL agar (Orion Diagnostica) (I, I11). In order to determine enterococci growth,
isolates were cultured on Slanetz and Bartley agar (Orion Diagnostica) for 2 days
incubation at 37°C (1). Production of gas from glucose was studied using the method
of Schillinger and Luicke (1987) (I, 111). Acetoin production was detected using the
V oges-Proskauer test after 3 days incubation (1). Hydrolysis of arginine was examined
as described by Reuter (1970a) (I). Lactic acid configuration was determined
enzymatically using a UV method kit (Boehringer Mannheim GmbH, Mannheim,
Germany), according to the manufacturer’s instructions (I). The presence of m-DPA in
the cell wals was determined by the two-dimensiona-thin layer paper
chromatography method of Harper and Davis (1979) (1).

In study I, for further identification of the Gram-negative, oxidase-negative
bacteria as Enterobacteriaceae, APl 20 E (bio Mérieux, Marcy |'Etoile, France) and
of the Gram-negative, oxidase-positive bacteria as Pseudomonas spp. APl 20 NE (bio
Mérieux) were used. For further identification of the other Gram-positive, catalase-
positive cocci as Staphylococcus spp. and Micrococcus spp. (1), acid production from

glyceral in the presence of erythromycin was determined according to Schleifer and
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Kloos (1975), sensitivity to lysostaphin by the method of Kloos et a. (1974) and API
Staph (bio Mérieux) was used.

45. 16+23SrRNA generestriction patterns (ribotyping) (111, 1V, V)

Isolation of DNA (I11,1V, V)

The cultures were grown overnight in 10 ml MRS broth (Difco) at 25°C. Cells were
harvested by centrifuging for 2 minutes at full speed (13 000 rpm, about 15 000 x Q)
in a Biofuge A bench centrifuge (Heraeus Sephatec GmbH, Osterode am Kalkberg,
Germany). DNA was isolated according to the guanidium thiocyanate method of
Pitcher et al. (1989) modified by Bjérkroth and Korkeala (1996b). The cells were
suspended in a TE (TrissHCI 10 mM, EDTA 1 mM) solution containing mutanolysin
200 U/ml (Sigma Chemical Company, St. Louis, MO, USA) and lysozyme 25 mg/ml
(Sigma). The mixture was incubated at 37°C for 2 h.

Restriction endonuclease analysis and 16+23SrRNA generestriction patterns
(ribotyping) (111, 1V, V)

Restriction endonuclease digestion of 6 ug of DNA was carried out according to the
manufacturer’s instructions with the restriction endonuclease Hindlll (New England
Biolabs, Beverly, MA, USA) in the studies Ill and V or with EcoRI (New England
Biolabs) and Hindlll (New England Biolabs) in study IV. The digested DNA was
separated in 0.8% agarose gels (SeaKem IDNA agarose, FMC, Rockland, ME, USA)
a 25V for 16 hinal x TAE buffer (Amresco, Solon, OH, USA) containing 0.5 mg
of ethidium bromide in a GNA 200 apparatus (Pharmacia, Uppsala, Sweden).
Digoxigenin labelled phage lambda DNA cleaved with Hindlll (Roche Molecular
Biochemicals, Mannheim, Germany) was used as a fragment size marker.
Photodocumentation of the ethidium bromide stained gels was carried out using a
Polaroid camera or digital imaging with an Alpha Imager 2000 documentation system
(Alphalnnotech, San Leandro, CA, USA).
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The cDNA probe was prepared from E. coli 16 and 23S rRNA (Boehringer
Mannheim GmbH) by reserve transcription. The probe was labelled by incorporating
digoxigenin-modified dUTP (Roche Molecular Biochemicals) by avian
myeloblastosis virus reverse transcriptase (AMV-RT; Promega, Madison, WI, USA)
(Blumberg et al., 1991).

The similarity between all isolates was initially checked by the naked eye from
EcoRI and Hindlll REA gels. One strain representing each REA group was further
subjected to ribotyping. After electrophoresis, southern transfer and hybridisation
were performed as previously described by Bjorkroth and Korkeala (1996b). The
DNA was transferred from the gels to MSI Magnagraph membranes (MSI, Westboro,
MA, USA) by a VacuGene XL blotting system (Pharmacia) according to the
manufacturer’s protocol. The DNA was fixed by UV irradiation in optimal crosslink
mode in a Spectrolinker XL 1000 (Spectronics Corporation, New York, NY, USA).
The membranes were hybridised in a Techne Hybridiser (Techne, Cambridge, UK) at
68°C. Solutions for hybridisation, washes and development of the digoxigenin label
were performed as described in the instructions for DIG DNA Labelling and Detection
Kit (Boehringer Mannheim GmbH).

Numerical analysis of 16+23SrRNA generestriction patterns (11, 1V, V)

The membranes were scanned with a Hewlett-Packard ScanJet 4¢/T tabletop scanner
(Boise, 1daho, USA). Numerical analysis of the ribopatterns was performed using a
Gelcompar Il 1.0 software package (Applied Maths, Kortrijk, Belgium). Based on
internal controls, a 1% (I11) to 1.8% (V) position tolerance was allowed for the bands.
The similarity between all pairs was expressed by Dice coefficient correlation, and the
unweighted pair-group method with arithmetic averages (UPGMA) was used to
construct the dendrogram. The ribopatterns were compared with the corresponding
patterns in the LAB database at the Department of Food and Environmental Hygiene,
University of Helsinki, Finland. This database comprises patterns of al relevant
spoilage LAB in the genera of Carnobacterium, Lactobacillus, Leuconostoc,
Enterococcus and Weissella (Bjorkroth and Korkeala, 1996b; Bjérkroth and Korkeala,
1997; Bjorkroth et al., 1998; Bjorkroth et a., 2000a; Bjorkroth et al., 2000b).
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Identification of the isolates was made on the basis of locations of the type and

reference strains in the clusters formed.

4.6. Sensory analysesand visual examination (I, 1, 11)

Sensory analysis of the cold-smoked products (1) was performed once a week in order
to detect the time of spoilage. The products were evaluated for aroma and taste using
the method described by Amerine et al. (1965) on a scale from zero to five, in which a
score of two points or less indicated an unacceptable product. A sample was deemed
spoiled if at least two judges out of 8 to 10 trained panellists considered it unfit for
human consumption.

The ‘gravad’ products (I1) were evaluated after 8, 15, 18, 20, 22, 27 and 31
days of production for appearance, texture, odour and taste in order to indicate the
sensorial  changes during storage, including the time of spoilage. The method
described by Meilgaard et al. (1987) was used and adapted to the present study. For
appearance and texture, a numerical scale from zero to five, and for odour and taste,
from zero to ten, was used. The description used for the sensory characteristics had
been developed during the training sessions. All samples were coded by a letter and
were presented to the judges in random order. The judges were asked to comment on
al four sensory properties, including any colour changes, and to state the reason for
rejecting a particular sample. A sample was deemed spoiled if at least three judges out
of 8to 10 trained panellists considered it unfit for human consumption.

Visual examination of the herring flesh (I1l), the marinade and the gas
production was performed in order to determine changes between both unspoiled and

spoiled samples.

4.7. Chemical and physical analyses (11, I11)

The pH was determined using first dilution by a WTW-530 Digital-pH-meter
(Wissenschaftliche-Technische  Werkstédtten, Weilheim, Germany) (11, [II).
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Waterphase NaCl concentrations were determined according to the method of the
Nordic Committee on Food Analysis (1974) (11).

4.8. Statistical analyses(I1)

The bacterial counts for TVC, TPC, H,S-TC and LAB at both storage temperatures
were analysed as a function of time. The growth curve was modelled using the four-
parameter Gompertz model as described by Jeffries and Brain (1984). A typica
bacterial growth curve could not be obtained for TVC and TPC at an 8°C storage
temperature due to the very short lag phase. The equation of the Gompertz growth

curveis:

_aBlt-m)
Lt)=A+C@e " O, @

where L(t) is the log,o bacteria count/g in timet (days), A is the asymptotic log;o-count
as time decreases infinitely, C is the asymptotic amount of growth as time increases
indefinitely, M is the time at which the absolute growth rate is at a maximum, and B is
the relative growth rate at that point. The parameters were estimated using a Matlab

programme with a Statistics Toolbox on a personal compulter.
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5. RESULTS

5.1. Bacterial levelsand the main bacterial groups associated with spoiled
vacuum-packaged cold-smoked and ‘gravad’ rainbow trout and

marinated herring (I, 11, [11)

Bacterial levelsat the time of spoilage and association with sensory changes

In study I, samples of vacuum-packaged cold-smoked rainbow trout were deemed
spoiled when the total bacteria count was >10’ CFU/g.

In study Il, at the time of spoilage, after 27 and 20 days of storage at 3°C and
8°C, respectively, both MVC and PVC reached 10°~10'CFU/g at 3°C and 10'—10°
CFU/g a 8°C and most of the samples were deemed sensorialy unfit for human
consumption. The main reasons for sensory rejection at both storage temperatures
were a lack of typical product odour or an ammonia off-odour and colour change to
dark violet. At spoilage, H,S-producing bacteria counts varied from 10°-10" CFU/g
and from 10°%10” CFU/g in samples stored at 3°C and at 8°C, respectively. The
corresponding LAB counts reached 10%-10° CFU/g and 10°-10" CFU/g (11, Table 1).
Figs 1 and 2 (Il) show the growth of MV C, PVC, H,S-TC and LAB as a function of
storage time at 3°C and 8°C, respectively.

In al herring samples (111), LAB counts were very similar on MRS and Rogosa
SL media. In the spoiled samples, counts reached 10°~10" CFU/g (111, Table 1). No
yeasts were detected in any samples. Visua examination of the spoiled herring
showed soft herring flesh, cloudy marinade and strong gas production that were not
seen in the unspoiled samples. The pH values in the spoiled samples ranged from pH
3.7 to 3.9, whereas in the samples possessing normal appearance the pH ranged from
3.6103.7.
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Main bacterial groups at the time of spoilage

Of 620 isolates obtained from spoiled vacuum-packaged cold-smoked rainbow trout,
469 Gram-positive, catalase-negative cocci or rods growing on MRS agar were
considered as LAB; 39 were Gram-positive, catalase-positive cocci; 98 were Gram-
negative, oxidase-negative rods; and 12 isolates were Gram-negative, oxidase-positive
rods (I, Table 1).

In the vacuum-packaged ‘gravad’ rainbow trout at the time of spoilage, after
27 and 20 days of storage at 3°C and 8°C, respectively 10°-10’ CFU/g in samples
stored at 3°C and 10'—10° CFU/g in samples stored at 8°C were detected in both
MV C and PVC. H,S-producing bacteria counts varied from 10°-10" CFU/g and from
10°-10" CFU/g in samples stored at 3°C and at 8°C, respectively. The corresponding
LAB counts reached 10*-10° CFU/g and 10°-10" CFU/g (I1, Table 1).

In al spoiled herring samples, bacterial counts were very similar on MRS and
Rogosa SL media, suggesting Lactobacillus spp. growth (111, Table 1). A total of 206
colonies were cultured pure. All six isolates growing on MRS agar from the unspoiled
samples were included. With respect to al spoiled samples, half of the isolates
analysed originated from MRS agar, and the other half from Rogosa SL agar.

5.2. LAB associated with spoiled vacuum-packaged cold-smoked and

‘gravad’ rainbow trout and marinated herring (I, 111, 1V, V)

5.2.1. Vacuum-packaged cold-smoked rainbow trout (I, V)

Based on phenotypic tests, LAB in the vacuum-packaged cold-smoked rainbow trout
were divided into seven subgroups (I, Table 2). Subgroup 1, forming the largest group
(40%), contained 189 isolates of homofermentative rods which grew well on Rogosa
SL agar and could be considered as homofermentative or facultatively
heterofermentative lactobacilli. The 50 isolates (11%) of the second subgroup were
heterofermentative oval cocci, which did not grow on Rogosa SL agar. They could be

considered as belonging to Leuconostoc/\Weissella-species. The three isolates forming
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subgroup 3 were heterofermentative rods possessing m-DPA in their cell walls and
appeared to belong to the genus Carnobacterium. The 182 isolates (39%) of subgroup
4 could be classified as leuconostocs because of their cell morphology, ova cocci, and
their formation of gas from glucose. On the other hand, they grew on Rogosa SL agar
as heterofermentative lactobacilli do. The 3 isolates in subgroup 5 were cocci that
formed colonies with a red-pink centre on Slanetz and Bartley agar but did not grow
on Rogosa SL agar. They produced predominantly L(+)-lactic acid. They seemed to
belong to the genus Enterococcus. Subgroup 6 contained heterofermentative and
subgroup 7 homofermentative cocci or oval cocci. The isolates of these subgroups
could not be assigned to genera with the used phenotypic tests.

REA of the 405 LAB isolates of vacuum-packaged cold-smoked rainbow trout
(IV) resulted in the formation of 25 groups. When one isolate from each group was
further ribotyped, 15 (H1 — H14) and 16 (E1 — E14) patterns were obtained with
Hindlll and EcoRl, respectively (IV, Table 2). The similarity between the clusters of
isolates and some of the reference strains used is shown in Figs 1 and 2 (1V), for
Hindlll and EcoRl, respectively. Using Hindlll, ten clusters (I — X) were defined at a
similarity level of 65%. Cluster | contained the type strain of Lactobacillus plantarum
(ATCC 14971) and cluster 1V the Lactobacillus curvatus subsp. curvatus type strain
(ATCC 25061). Cluster VIII contained the type strains of Lactobacillus sakel subsp.
carnosum (CCUG 31331), Lactobacillus sakei subsp. sakei (ATCC 15521) and
Lactobacillus curvatus subsp. melibiosus (CCUG 34545). Two clusters of
leuconostocs were formed, one containing the Leuconostoc mesenteroides subsp.
mesenteroides (DSM 20343) (cluster X) and the other the Leuconostoc citreum
(LMG 9824) (cluster V1) type strain. Using EcoRI, nine clusters (I — 1X) were defined
at a similarity level of 50%. Two distinct subclusters, subcluster Illa and Illb, were
identified; subcluster Illa containing the type strains of Lactobacillus sakei subsp.
carnosum (CCUG 31331), Lactobacillus curvatus subsp. melibiosus (CCUG 34545)
and Lactobacillus sakei subsp. sakel (ATCC 15521) and subcluster I11b the type strain
of Lactobacillus curvatus subsp. curvatus (ATCC 25061). Cluster V included the type
strain  of Lactobacillus plantarum (ATCC 14971). Two clusters contained
leuconostocs, one the Leuconostoc mesenteroides subsp. mesenteroides (DSM
20343) (cluster 1X), and the other the Leuconostoc citreum (LMG 9824) (cluster VII)
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type strain. Table 2 shows the species distribution detected using ribotyping within the
seven phenotypically determined groups of LAB in order to show the differences
obtained in LAB identification using the described methods. The majority of L.
mesenter oides subsp. mesenteroides were found in the samples stored at 4°C. Most of

the L. citreum were isolated from the samples stored at 8°C (Table 3).
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5.2.2. Vacuum-packaged ‘gravad’ rainbow trout (V)

Hindlll REA of the 296 LAB isolates resulted in the formation of 37 groups
possessing group-specific REA patterns (V, Table 1). Eleven different ribopatterns
(H1- H11) were obtained when one strain from each group was further ribotyped. A
dendrogram (V, Figure 1) comprises the different clusters containing the type and
reference strains and the ribopatterns of the LAB isolates. One cluster included the
Lactobacillus sakei subsp. sakel (ATCC 15521), Lactobacillus curvatus subsp.
melibiosus (CCUG 34545) and Lactobacillus sakei subsp. carnosum (CCUG 31331)
type strains, the second cluster the Lactobacillus curvatus subsp. curvatus (DSM
20019) type strain, the third cluster the Carnobacterium divergens (ATCC 35677)
type strain and the fourth cluster the reference strain (SMRICC 192) and
Carnobacterium piscicola type strain (ATCC 35586). Most of the carnobacteria were
found in the samples stored at 3°C. The relative proportion of L. sakei was higher in
the samples stored at 8°C (Table 3).
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5.2.3. Marinated herring (111)

All LAB in the marinated herring (I11) were short, thick or long, filamentous rods. A
total 139 of the 206 isolates showed gas production in the media used (Schillinger and
Licke, 1987).

The isolates of both unspoiled and spoiled samples shared the same Hindlll
restriction endonuclease type (1, Figure 1). Identical patterns were also obtained
when two isolates from each herring jar were further ribotyped. The ribotype of the
spoilage isolates was compared with corresponding patterns of LAB type strains
known from literature as a spoiler of marinated herring products. The L. alimentarius
type strain (DSM 20249) possessed very similar Hindll ribotypes to the pattern of the
herring isolates, merging in the dendrogram at a similarity level of 89% (llI, Figure 2).

The L. alimentarius cluster was clearly distinct from the other LAB species.

5.3. Effect of nitrite and nitrate on the L AB of vacuum-packaged cold-

smoked rainbow trout (1)

The relative proportion of LAB in the spoilage microflora was higher in the nitrite-
and nitrate-containing samples than in the samples containing NaCl only at both
storage temperatures. High numbers of L. sakel subsp. sakei and L. sakei subsp.
carnosum occurred in the nitrate-treated samples stored at both storage temperatures.
Most of the L. citreum were found in the nitrite-treated samples stored at 8°C. The
relative proportion of L. mesenteroides subsp. mesenteroides was higher in all kinds
of samples stored at 4°C (Table 3).
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6. DISCUSSION

6.1. Main bacterial groups and the proportion of LAB associated with
spoiled vacuum-packaged cold-smoked and ‘gravad’ rainbow trout

and marinated herring (I, I, 111)

The spoilage flora in al vacuum-packaged cold-smoked rainbow trout samples
consisted mainly of LAB (76%). Enterobacteriaceae formed the second largest group
(16%), besides lower numbers of micrococci, staphylococci and pseudomonads.
Earlier studies of the same type of fish product have shown that at the end of chilled
storage, different bacterial mixtures, such as LAB and Enterobacteriaceae (Truelstrup
Hansen, 1995; Leroi et al., 2001) or LAB and Photobacterium phosphoreum
(Truelstrup Hansen, 1995) or LAB and Brochothrix thermosphacta (Leroi et al.,
2001), may develop. However, LAB have usualy been found predominating or
occurring in high numbers in spoiled vacuum-packaged cold-smoked fish (Truelstrup
Hansen, 1995; Leroi et a., 1998; Leroi et al., 2001; Jergensen et a., 2001; Joffraud et
al., 2001). Studying the effect of salt and smoke on different bacteria in chilled stored
vacuum-packaged cold-smoked salmon, Leroi et al. (2000) observed that salting
produced a marked linear inhibition of lactobacilli growth in weeks 2 and 3 of storage.
After 6 weeks storage, lactobacilli counts were enhanced in the samples, which had
been smoked in addition to high salting levels. In the spoiled cold-smoked rainbow
trout, it seems that LAB tolerate combined salt and smoke preservation better than the
other bacteria and thus dominate towards the end of the storage period.

In the vacuum-packaged ‘gravad’ rainbow trout, LAB counts were lower than
the other bacteria counts determined at the time of spoilage (I, Table 1). These
results were clearly different from the findings in other studies dealing with the same
fish product type. Kngchel (1983) found the microflora of vacuum-packaged ‘ gravad’
salmon dominated by LAB after 2 weeks storage at 4°C, as did Leisner et al. (1994)
after 18 days storage at 5°C. Jeppesen and Huss (1993) aso reported LAB as a
dominant microbial group in vacuum-packaged 'gravad’ fish products stored 2-4
weeks at chilled temperatures. In ‘gravad’ rainbow trout, the H,S-producing bacteria

congtituted a larger proportion than lactobacilli. In the fresh product, both the H,S
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producing bacteria counts and the LAB counts were below 100 CFU/g. H,S-producing
bacteria are known spoilage bacteria in aerobically stored and in vacuum-packaged
fresh fish stored at chilled temperatures (Jensen et al., 1979; Sumner and Gorczyca,
1981; Scott et al., 1984; Jargensen et al., 1988; Huss, 1995). Different bacteria such as
Shewanella putrefaciens, Aeromonas spp., some Enterobacteriaceae, some
Vibrionaceae and some lactobacilli as L. sakei are able to produce hydrogen sulphide
(Gram et al., 1987; Truelstrup Hansen, 1995; Gram and Huss, 1996; Joffraud et al.,
2001; Leroi et al., 2001). H,S-producing bacteria are favoured by alow O, level, but
inhibited in environments with increasing CO; levels (Jensen et a., 1979; Jargensen et
al., 1988). In vacuum-packages, CO, levels increase inside the package due to
bacterial metabolism (Silliker and Wolfe, 1980), thereby also reducing the growth of
some H,S-producing bacteria during the later storage phase. However, during the
storage of ‘gravad’ rainbow trout they grew faster than the LAB, thus representing
another important part of the spoilage flora.

Severa factors influence the development of a specific spoilage microflora in
vacuum-packaged fish products. During production, the fish undergoes many
processing steps enabling microbial contamination in all these steps. Truelstrup
Hansen et a. (1998) showed that hygiene conditions in the smokehouse have a great
effect on the amount and composition of the microflora in the fina cold-smoked
product. LAB do not dominate in the microflora of the raw material, and only certain
species have been found in freshwater fish and their surrounding environment (Stiles
and Holzapfel, 1997; Gonzdlez et a., 1999; Gonzélez et al., 2000; Ringa et al., 2000).
In the spoiled fish products, the selection of LAB results from the combination of the
characteristic processing factors together with the growth competition of the bacteria
and contamination of the production environment.

LAB were the only microorganisms detected in al the samples of spoiled
marinated herring (I11). Spoilage of semi-preserved marinated fish products due to the
growth of LAB was reported earlier (Meyer, 1956a; Lerche, 1960; Reuter, 1965;
Erichsen, 1967; Blood, 1975; Sharpe and Pettipher, 1983). In marinated herring, the
acid and sat-treatment of the marinade inhibits Gram-negative spoilage bacteria,
which are sensitive to this kind of preservation. Therefore, salt- and acetic acid-

tolerant LAB, already occurring in the unspoiled product in low numbers (Reuter,
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1965), can easily predominate in the spoiled product. Besides LAB, yeasts have been
found in the marinating liquids or in the fresh herring (Lerche, 1960), also causing
spoilage of the herring marinades (Somers, 1975). However, no yeasts were detected

in this spoilage case.

6.2. Comparison of resultsfrom phenotypic genus-level identification and

speciesidentification by ribotyping (I, 111, 1V, V)

Phenotypical identification tests may sometimes cause difficulties resulting in the
conflicting identification of LAB. In this study, two of the tests, glucose fermentation
type determination and the selectivity of Rogosa SL agar, produced controversial
genus-level identification results when compared to species identification by
ribotyping. Table 2 shows the species distribution detected using ribotyping within the
seven phenotypically determined groups of LAB in study I. The growth on Rogosa SL
agar was used to differentiate between lactobacilli and other LAB. Isolates of
subgroup 4 were considered |euconostocs because of their morphology, oval cocci and
their ability to form gas from glucose. However, they grew also on Rogosa SL agar
indicating that they are heterofermentative lactobacilli. This LAB group includes
species such as L. brevis, L. buchneri, L. collinoides, L. fructivorans or L.
sanfranciscensis which, however, have usualy been associated with milk, cheese,
vinegar preserves, fermenting plant material or sour dough, but never with spoiled
cold-smoked fish. Without a sound experience of determining the morphology, it is
sometimes difficult to distinguish between oval cocci (leuconostocs) and rods
(heterofermentative lactobacilli). This misclassification resulted in the false
identification of LAB in the spoiled cold-smoked fish product and lower numbers of
leuconostacs (39%) were detected in study | compared to the results from ribotyping
(57%) in study 1V. The isolates of subgroup 5 were considered enterococci because
their colonies showed a red-pink centre on Slanetz and Bartley agar and they did not
grow on Rogosa SL agar. The isolates of subgroup 3 were considered as carnobacteria
due to the presence of meso-DPA in their cell walls. However, they were able to form

gas. Carnobacteria possess predominantly a homofermentative glucose metabolism
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with small amounts of CO, being produced not coming from glucose (De Bruyn et al.,
1987). The results of both subgroups could not be confirmed by ribotyping. With the
phenotypic tests used, a total of 224 out of 469 isolates from vacuum-packaged cold-
smoked rainbow trout could not be assigned to the correct genera.

In study 111, 139 of the 206 L. alimentarius isolates showed gas production in
the test by Schillinger and Liicke (1987). Facultative heterofermentative organisms
such as L. alimentarius should not produce CO, from glucose. These controversial
reactions obtained from testing facultatively heterofermentative Lactobacillus spp.
using the same test have aso been reported earlier (Kunene et al., 2000). Under
certain circumstances, LAB of this fermentation type are able to produce gas from
gluconate. Since this test medium does not contain gluconate or citrate, the reason for
gas production is unclear. The test for gas production has also caused problems in
other studies. Mauguin and Novel (1994) isolated LAB from certain vacuum-
packaged fish products and grouped them using different phenotypic tests and a DNA
hybridisation method. They concluded that the gas production test from glucose was
not distinctive enough to differentiate between Carnobacterium and Lactococcus
because Lactococcus cultures can also produce small amounts of gas in the stationary
phase. It is known that some properties have a tendency to vary as a result of changes
in growth conditions, growth phase, environmental conditions and spontaneous
mutations due to the involved gene expression in phenotypic tests (Vandamme et al.,
1996). This may result in the non-reproducibility of the tests or difficulties in
interpretation and therefore limits the use of traditional methods.

Ribotyping was a great help in identifying LAB in all three types of spoiled fish
products studied. Only 37 out of 405 isolates of the cold-smoked fish product (1V)
could not be identified with the set of reference strains used. All isolates could be
identified in the vacuum-packaged ‘gravad’ product (V). In the case of spoiled
marinated herring (I11), it was possible to accurately identify the specific spoilage

organism.
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6.3. LAB associated with spoiled fish products(l, 111, 1V, V)

6.3.1. LAB invacuum-packaged cold-smoked rainbow trout (I, I'V)

Two main groups of LAB were defined: leuconostocs and lactobacilli. The largest
group, 57% of al isolates, was leuconostocs; 33% L. mesenteroides and 23% L.
citreum. Leuconostocs in various numbers have also been found previously in
vacuum-packaged cold-smoked fish products (Jeppesen and Huss, 1993; Mauguin and
Novel, 1994; Truelstrup Hansen, 1995). Jeppesen and Huss (1993) identified all LAB
from vacuum-packaged, minced herring as Leuconostoc spp. Mauguin and Novel
(1994) found that only eight of the 86 LAB from various samples of seafood belonged
to the genus Leuconostoc. Moreover, Truelstrup Hansen (1995) characterised 168
LAB from spoiled vacuum-packaged cold-smoked salmon and identified only 4.5% as
L. mesenteroides. L. citreum (amelibiosum) has been isolated from various meat
products (Makela et al., 1992) and from raw, minced, freshwater fish used for the
production of a Thai low-salt, fermented fish product called som-fak (Paludan-Mller
et al., 1999). However, it has not previously been reported as being associated with
vacuum-packaged cold-smoked fish products.

The second largest group, 39% of the isolates, was identified as L.
sakei/curvatus. The occurrence of L. sakei/curvatus in vacuum-packaged fish products
has also been reported previously (Jeppesen and Huss, 1993; Truelstrup Hansen,
1995; Leroi et al., 1998). In astudy of LAB in different, lightly preserved, chilled fish
products, Jeppesen and Huss (1993) identified the majority of the 37 isolates in
vacuum-packaged chilled fish products as L. sakei. Studying vacuum-packaged cold-
smoked salmon, from 168 LAB Truelstrup Hansen (1995) identified 10% as L. sakei
and 50% as L. curvatus species. Leroi et a. (1998), phenotyping LAB isolated from
the same type of fish product, assigned only 6% of 155 isolates as L. sakei. However,
Mauguin and Novel (1994) did not detect any L. sakel in various samples of seafood.
Since phenotypic tests have been found insufficient in L. curvatus and L.sakel
identification (Dykes and von Holy, 1994b), the proportions of these two species

reported in earlier studies may not have been totally correct.

52



In studies IV and V, the L. curvatus subsp. melibiosus ribotypes clustered together
with the ribotypes of the two L. sakei subspecies. The L. curvatus subsp. curvatus
cluster was clearly distinguished by both enzymes, Hindlll and EcoRI (1V, Figs 1, 2;
V, Fig 1) from the clusters containing the type strains of the three other subspecies.
Current taxonomy of L. sakei and L. curvatus divides these two species into 4
subspecies (Klein et al., 1996; Torriani et a., 1996). The correctness of this
subspecies level division is doubtful. When meat-associated L. sakei strains were
characterised by EcoRI and Hindlll ribotyping (Bjorkroth and Korkeala, 1996b), strain
A210, possessing 84% homology in DNA-DNA reassociation with L. sakel subsp.
sakel type strain (Mdkela et a., 1992), gave exactly the same EcoRI and Hindlll
ribotypes as the “new” L. curvatus subsp. melibiosus type strain. E. Falsen, the curator
of the CCUG culture collection, has noticed that L. curvatus subsp. melibiosus type
strain and L. sakei subsp. carnosum are adjacent phenotypically and cluster together
also in the dendrograms based on whole-cell protein patterns (Falsen, 1999).

With ribotyping, no Carnobacterium strains were detected in the vacuum-
packaged cold-smoked rainbow trout fillets studied. Gancel et al. (1997) did not find
any carnobacteria in fillets of vacuum-packaged, smoked and salted herring and
suggested that this may be due to the smoking process. However, other authors have
reported variable proportions of carnobacteria in vacuum-packaged cold-smoked fish
products (Leroi et al., 1998; Leroi et al., 2000; Paludan-Mdiller et al., 1998).

6.3.2. LAB in vacuum-packaged ‘gravad’ rainbow trout (V)

In the spoiled vacuum-packaged ‘gravad’ rainbow trout (V), two main groups were
detected: lactobacilli and carnobacteria. The largest group, 54% of al isolates, was
identified as L. sakei. Based on phenotypic identification, this has also been observed
earlier, either as a main organism or with other LAB dominating in vacuum-packaged
‘gravad’ fish products (Jeppesen and Huss, 1993; Leisner et a., 1994). Considering
L. curvatus subsp. melibiosus as L. sakei, L. curvatus subsp. curvatus strains formed
the second largest group, 27% of al isolates studied. In vacuum-packaged ‘gravad’

fish products, the occurrence of L. curvatus in such high numbers has not previously
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been reported. Leisner et al. (1994) identified only one out of atotal of 18 LAB strains
asL. curvatus.

The third major LAB group consisted of carnobacteria, 19% of al isolates,
with 55 C. piscicola isolates and one C. divergens isolate. C. piscicola has been
associated with fresh fish and with packaged chill-stored fresh fish (Gonzélez et al.,
1999; Gonzalez et a., 2000; Ringg et a., 2000). In contrast to the present findings,
earlier studies have assigned carnobacteria as the largest group of the predominating
LAB in vacuum-packaged ‘gravad’ fish products stored at chilled temperatures
(Leisner, 1992; Leisner et a., 1994).

6.3.3. LAB speciesdivision between different types of vacuum-packaged fish
products (1V, V)

There was a difference in the proportion of spoilage LAB species in vacuum-packaged
cold-smoked and ‘gravad’ rainbow trout. Lactobacilli, in both fish products mainly
consisting of L. sakei spp. and L. curvatus spp., dominated the LAB flora in the
‘gravad’ fish and lower numbers were detected in the cold-smoked product. Since
both species are able to multiply a low temperatures (Licke, 1996a), they can
establish themselves on chilled stored fish. L. sakei and L. curvatus are already known
as typical spoilage organisms in different meat products (Holzapfel and Gerber, 1986;
Makela and Korkeala, 1987; Makela et a., 1992; Bjorkroth and Korkeala, 1996a;
Bjorkroth and Korkeala, 1996b; Stiles and Holzapfel, 1997). For example, in cured
and smoked meat products containing less water and a higher salt concentration than
boiled whole meats, L. sakei/curvatus predominated together with Weissella spp.
(Shaw and Harding, 1984; Samelis and Georgiadou, 2000; Samelis et al., 2000). It
seems that L. sakei/curvatus tolerate the preservation factors characteristic for cold-
smoked and ‘gravad’ fish, such as salt and smoke. They are therefore likely to play an
important role also in the spoilage of both types of vacuum-packaged fish products.
The discovery of leuconostocs in the cold-smoked and their absence in the
‘gravad’ rainbow trout contrasts with studies dealing with meat products. In the cold-

smoked fish, leuconostocs formed the largest group and thus seem to represent an
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important part of the lactic acid flora in the spoiled product. No leuconostocs were
found in the ‘gravad’ fish. Severa studies have shown that in cooked, non-smoked
meat products with a low salt content, Leuconostoc spp. have a better chance of
predominating than in smoked, salted meat products (Borch et a., 1996; Samelis et
al., 1994; Samelis et a. 2000; Bjorkroth et a., 1998; Samelis and Georgiadou, 2000).
Borch and Agerhem (1992) reported that leuconostocs appear to grow fastest on
chilled fresh meat. Licke (1996a) suggested that heavy salting tends to suppress the
growth of leuconostocs in the manufacture of raw meat products. The present ‘ gravad’
fish had a higher salt concentration in the water phase (3.1%-7.2%) than the cold-
smoked fish (3.4%). The sensitivity to salt might explain the absence of leuconostocs
inthe ‘gravad’ product.

In the ‘gravad’ fish, carnobacteria were detected in a relatively large
proportion whereas in cold-smoked fish no carnobacteria were discovered at al. In a
study of vacuum-packaged cold-smoked salmon stored for 5 weeks at 5°C,
carnobacteria were found to be more sensitive to the combination of low salt
concentrations and smoke treatment than lactobacilli (Leroi et a., 2000). When salt or
smoke treatments were studied separately, the sensitivity of both generawas identical.
Gancel et a. (1997) suggested that the smoking process was the reason they did not
find any carnobacteria in vacuum-packaged smoked and salted herring. It might be
that in cold-smoked fish the combination of salt and smoke creates a growth hurdle
that affects carnobacteria more than lactobacilli. Leroi et al. (1998, 2000) observed in
vacuum-packaged cold-smoked salmon that carnobacteria dominated the lactic acid
bacterial flora during the first 2 to 3 weeks of storage and lactobacilli at the end of the
storage. On the other hand, lactobacilli may recover faster from the processing stress
and overgrow carnobacteria in the later storage phase in fish products as Schillinger

and Lcke (1986) have indicated takes place in meat processing.

6.3.4. Lactobacillusalimentarius spoilage in marinated herring (111)

Ribotyping was used to identify L. alimentarius as the specific spoilage organism in

marinated herring. It has not been previously associated with herring spoilage. The
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dlight pH rise together with marked gas production observed in the product suggested
arare LAB spoilage type called ‘protein swell’ (Meyer, 1956a). The rise in pH has
been attributed to the production of ammonia by deamination of amino acids, whereas
CO; production is due to the decarboxylation of amino acids. In the absence of
fermentable carbohydrates both reactions can be caused by LAB (Meyer, 1964;
Stamner, 1976). L. alimentarius, as a facultatively heterofermentative Lactobacillus
spp., possesses homofermentative glucose metabolism, but may produce CO, while
utilising gluconate or citrate without amino acid decarboxylation. Gluconate or citrate
are not of metabolic importance in fish and therefore play no role in the ready product.
The gaseous spoilage described here might therefore represent a typical form of
‘protein swell’ even when the change in pH values between spoiled and unspoiled
samples was only nominal.

All isolates originating from various lots of different types of marinated herring
were of the same clonal type suggesting contamination of the processing facilities or
the raw material by an organism possessing strong spoilage potential. To restrict LAB
growth, a pH value no higher than 4.0, a salt concentration of the marinade not much
under 6% and a low storage temperature has been recommended for the marinating
process (Meyer, 1956b). Nowadays, the salt concentrations used in herring are much

lower than 6% and it is therefore difficult to prevent the growth of lactobacilli.

6.4. Effect of nitrateand nitriteon L AB associated with spoiled vacuum-
packaged cold-smoked rainbow trout (1)

The proportion of LAB in the spoilage microflora of vacuum-packaged cold-smoked
rainbow trout was higher in the nitrite- and nitrate-treated samples than in the samples
containing NaCl only at both storage temperatures. These results are consistent with
those of HyytiaTrees (1999). Nitrite is, as a hurdle effect, together with common salt
and low temperature, partly responsible for arresting the growth of psychrotrophic
spoilage organisms (Skovgaard, 1992). In vacuum-packaged meat products low
concentrations of nitrite together with NaCl have been earlier reported to be selective
for LAB growth (Korkeala et al., 1992; Skovgaard, 1992; Dodds and Collins-
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Thompson, 1984). The same mechanisms might explain the high proportion of LAB

in the present nitrite-treated samples.
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7. CONCLUSIONS

1)

2)

3)

LAB occurred in different proportions in spoiled vacuum-packaged cold-
smoked and ‘gravad’ rainbow trout and in marinated herring stored at chilled
temperatures. In vacuum-packaged cold-smoked rainbow trout, LAB formed
the dominating proportion of the spoilage microflora, aong with lower
numbers of Enterobacteriaceae, micrococci, staphylococci and pseudomonads.
Among the predominant psychrotrophic microorganisms in vacuum-packaged
"gravad’ rainbow trout, LAB counts were lower than H,S-producing bacteria.
In the spoiled samples of marinated herring characterised by bulging lids and
gas formation, LAB were the only microoragnisms determined at the time of

the spoilage.

Phenotypic key tests indicate that the LAB isolated in spoiled vacuum-
packaged cold-smoked rainbow trout could be considered as belonging to the
genera of Lactobacillus, Leuconostoc/Weissella, Carnobacterium and
Enterococcus. Using ribotyping, it was concluded that L. mesenteroides, L.
citreum, L. sakel and L. curvatus were the major species associated with the
spoilage of vacuum-packaged cold-smoked rainbow trout and L. sakei, L.

curvatus and C. piscicola of vacuum-packaged ‘gravad’ rainbow trout.

Phenotypica methods may cause problems in genus-level identification of
LAB in spoiled fish products. The controversial results of two key tests,
glucose fermentation type determination and the selectivity of Rogosa SL agar,
resulted in misidentification at the genus-level and in the wrong results of the
leuconostocs and lactobacilli numbers from vacuum-packaged cold-smoked
rainbow trout. The identification of Carnobacterium and Enterococcus could
not be confirmed by ribotyping. A total of 224 out of 469 LAB isolates could
not be assigned to the correct genera with the phenotypic tests used.
Ribotyping has been used with good results for LAB species-level
identification in al three spoiled products. Only a few isolates from the cold-
smoked fish could not be identified with the aid of the reference strains used.
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4)

5

6)

All isolates could be identified from the vacuum-packaged ‘ gravad’ product. In
the case of spoiled marinated herring, it was possible to identify the specific

spoilage organism.

Lactobacilli, mainly consisting of L. sakei spp. and L. curvatus spp.,
dominated the LAB flora in the spoiled vacuum-packaged ‘gravad’ rainbow
trout and were found in high numbers in the spoiled vacuum-packaged cold-
smoked rainbow trout. Leuconostocs formed the largest group in the cold-
smoked fish but were absent in the ‘gravad’ product. In the ‘gravad’ product,
carnobacteria formed the third major group but were not detected in the cold-
smoked product. A single L. alimentarius clone was considered to be the cause

of gaseous spoilagein al three different types of marinated herring.

The proportion of LAB in the spoilage microflorawas higher in the samples of
vacuum-packaged cold-smoked rainbow trout treated with NaNO, or KNOj3
than in the samples containing NaCl only at both storage temperatures.
Resistance to nitrite resulted in LAB constituting the major proportion of the

total spoilage florain the samples containing these preservatives.

The findings of this study (LAB species in spoiled fish products) have a basic
research value. In the future, it would be of interest to test which role the
different species play in the fish products, especially concerning sensorial and
biochemical changes and how the spoilage associated species could be
controlled. Since L. sakei/curvatus and Leuconostoc spp. often dominated the
LAB flora in the spoiled products, it is of importance to focus on specific
hurdles against these species. The results of this thesis are also important from
the pathogen-study aspect. Only after identifying the main bacterial groups in
an ecosystem can the competitive ability and survival of pathogenic organisms

within this population be modelled.
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