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ABSTRACT

The following paper includes the results of research, concerning the occurrence of Listeria spp in salted herring
and herring salads. 100 samples of traditionally and vacuum packed herring and 40 herring salads were
examined. It was established that 6.6% of the samples were contaminated with these microorganisms. 4 strains
of Listeria innocua and 5 strains of L. monocytogenes were isolated. Listeria was not found in the herring salads,
which was explained by the low, <4 pH of the product. Moreover, the ability of Listeria monocytogenes to
develop in the environment of salted herring was determined. It was established that the pathogenic
microorganisms multiplies in the herring, stored at the room temperature. At 10°C the development of Listeria is
totally inhibited. Sodium benzoate has little influence on the development of Listeria because it merely delays
the beginning, of the logarithmic phase of the bacteria development by 2 days.
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INTRODUCTION

Listeria monocytogenes belongs to so called facultative pathogens of the human. It is quite
common in the natural environment. The pathogenic microorganism was isolated from plants,
soil, sewage, sweet and sea water, bottom sediments (Watkins 1981, Colbum 1990). The
following foods were most frequently reported to be the cause of Listeriosa epidemic:
vegetable salad (coleslaw) (Schlech 1983), pasteurised milk (Fleming 1985), soft cheese,
frankfurters, hot dogs, tongues in jelly (Jacquet et al.,1995). Apart from vegetables, dairy and
meat products, Listeria monocytogenes also occurs in fish, crabs, shrimps and oysters
(Sikorski 1996). The pathogens can be found both in fresh and frozen products (Weagant and
co. 1988), and their amount does not increase when stored at 20°C (Mccarthy 1997). Barckwtt
stated that frozen fish, squids and crabs were contaminated with the pathogen in 10%. It is
significant that Listeria, present in the meat of fish, multiplies quickly at 7°C (Brackett R. E.
et all 1990, Mccarthy 1997). Smoking of fish has little influence on the amount of Listeria,
and a particularly inefficient means of the elimination of Listeria is cold smoking (Heinitz and
others 1998). Confronting the fact of frequent occurrence of the pathogens in the sea-
environment and considering their characteristic physiological features we should also expect
them in salted fish because Listeria monocytogenes belongs to halo-tolerant bacteria. It is
characterised by the ability of growth in nutrient mediums containing up to 10% NaCl. Higher
concentration of salt, even up to 20% v/w , does not act bacteriacidally (Petera and co. 1986).

The ability of L. monocytogenes to grow in a high concentration of NaCl as well as lack of
data in the literature about their occurrence in salted fish were a circumstance to do the
research. It is all the more justified because currently mainly a weak salting is used, and
therefore the final concentration of NaCl in the products is 7-8%.

The following paper is an introductory report presenting results of the research in which was
estimated the occurrence of L. monocytogenes in salted herring fillets, available in retail in
Szczecin. Moreover, multiplying of these micro-organisms in the process of salting and
storing of herring fillets in various conditions was examined.

MATERIALS AND METHODS

The subject matter of the research was salted herring, packed traditionally - firkins, buckets,
and vacuum-packed. Also, vegetable-herring salads were examined. The occurrence of
Listeria was studied in food samples weighing 25g each that were homogenised in a
stomacher with 225 ml of Listeria Broth, manufactured by "Oxoid" company, with an
addition of antibiotics SR. 0.1 ml of homogenate was inoculated on Listeria Agar with an
addition of SR, and then incubated at 30°C. The rest of the homogenate remaining in
stomacher bags was incubated at the same temperature. Inoculations onto a solid nutrient
medium were repeated after 3 and 6 days. Petri dishes with Listeria Agar were incubated for
48 hours at 30°C. Characteristic colonies were subjected to an identification on API tests and
haemolytic activity study. Species identity of Listeria monocytogenes was confirmed with a
PCR method by determination of the HYL gene presence.

A Listeria monocytogenes strain, with a serotype 1, isolated from beef, and characterised by
haemolytic activity and positive CAMP test, was used to estimate the Listeria reproduction in
salted herring. Its taxonomical identity was confirmed with a PCR method. The Icelandic
herring fillets were derived from frozen blocks. The salting process was conducted according
to a recipe obtained from one of the producers, using brine consisting of: NaCl - 14%, 10%
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acetic acid - 6.6%, enzymatic preparation - 0.5%, sodium benzoate - 0.2% in 1:1 ratio to the
mass of the not skinned fillets. A 48-hour breed of Listeria, 1.5x 10°/g, was added to the
salted fillets. The samples were kept at 10°C and 21°C. for 21 days. The amount of Listeria as
well as pH of the samples were checked every 3 days.

RESULTS AND DISCUSSION

It 1s suggested that Listeria monocytogenes occurring in fish and other sea-food was the most
frequent cause of Listeriosa in the humans in the USA from 1997 to 1987. It is because
seafood, compared with other kinds of food, is most often contaminated with these micro-
organisms (Dillon & Patel 1992). In 1992 Hertemink stated that in Iceland 56% of fresh fish
on sale were contaminated with L. monocytogenes and other micro-organisms of this species.
In Tasmania, salmon bred in fish farms contain these micro-organisms (Sikorski 1996). In
1991 Noach examined lobster tails, shrimps, fish, fresh and frozen fish fillets. He stated that
28% of the samples contained Listeria out of which the fresh products were contaminated in
49%, and the processed in 20%. Out of fish products, smoked fish and fish salads are
contaminated with these micro-organisms most frequently. Products are infected during
production processes. The bacteria are isolated from the surface of fish. They do not occur in
the deeper tissues. Deep tissues are most often infected in the processes of cutting off heads,
gutting, skinning, filleting. Cold smoking does not eliminate Listeria, and in case of their
occurrence in deeper tissues there may proceed an intensive multiplying (Eklund and others
1995). Hot smoking decreases the number of positive samples but does not eliminate Listeria
completely (Heinitz and others 1998). Also, an increase in the concentration of NaCI and an
addition of sodium nitrite in smoked salmon do not inhibit the reproduction ability of Listeria
during refrigeration (Peterson and others 1993, Pelory and others 1994). Our research, whose
results we will present in a separate paper, indicates that the smoked fish available in retail in
Szczecin are contaminated in a low level with Listeria monocytogenes, and the most often
found strains are Listeria innocua, Listeria welshomeri and Listeria seligeri.

As it was mentioned before, Listeria are micro-organisms whose physiological features such
as an ability of growth at low temperatures and halo-tolerance should enable the occurrence
and reproduction in salted herring. Results confirmed the presumption. In total 100 samples of
salted herring were examined. They were herring fillets, herring fillets a'la Matias, seagoing
herring without heads, Matias herring, traditionally and vacuum-packed root Matias herring.
The samples were acquired at retail sellers' in Szczecin between January 1997 and January
1998. The samples were subjected to the test of pH that ranged from 3.99 to 5.32 but more
had pH higher than 4.5. The research pointed out that 6.6% of the samples contained Listeria.
Data concerning the isolation are in table 1. As shown in the table, most of the isolated strains
came from samples examined in January 1997. Unfortunately, the obtained results do not
allow to establish whether the seasonality of the occurrence of Listeria is a binding rule. The
samples came from 6 producers. Most often Listeria were isolated from the first producer and
the third. It may have been caused by differences in the ways of defrosting of frozen fish
blocks. It is interesting that one out of eight positive samples was packed traditionally and
7 vacuum-packed. The concentration of Listeria in the samples was little <I1x10%/ g. The
occurrence of Listeria was not reported in the direct inoculation. There was a necessity of a
preliminary pre-incubation of the material in the Listeria Broth at 30°C for 3 or 5 days.
Having affirmed the occurrence of Listeria in salted herring there arises a question whether
this product, belonging to the group "ready-to-eat" may constitute an endangerment to the
consumers' health. Basing on large-scale research of serology, electrophoretic enzyme
diversifications, and DNA structure, Boerlin suggests that strains of Listeria monocytogenes,
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isolated from fish and some cases of human Listeriosa, belong to two different populations
(Boerlin and co. 1997). A possibility of the existence of pathogenic strains in raw fish cannot
be ruled out. However, considering little concentration of Listeria in salted herring,
<1 JKT/25 g, we can assume that the danger of illness symptoms in the consumers is little. It
is confirmed by the research of Buchanan who analysed a probability of the illness occurrence
depending on the quantity of Listeria in smoked salmon (Buchanan and co. 1997). Also, the
number of yeasts in the samples was determined. There was no confirmed correlation between
the number of yeasts that was very big in some of the samples and the quantity of Listeria.
The occurrence of Listeria in herring-vegetable salads was examined in the research, too. In
total, 40 salads containing pickled or salted herring, vegetables, and mayonnaise were tasted.
Some of the salads were preserved with sodium benzoate. The presence of Listeria was not
affirmed in any of the examined products. The lack of Listeria, despite the addition of
vegetables that could be an extra source of the bacteria, can be explained by the low pH of the
products that ranged from 3.8 to 4.2, and the minimum pH, needed for growth, is 4.3 - 5.2 at
30°C, and 5 - 5.7 at 4°C (Farber and others 1989).

Table 1. Strains of Listeria ssp isolated from salted herring.

Product Package |Producer Isolated Preincubation
species time
[hours]

Herring fillets Standard | L. innocua 120

Herring fillets Vacuum B L. innocua 120
packed

Herring fillets a'la Vacuum C L. innocua 72

Matias packed

Herring fillets a'la Vacuum C L. innocua 72

Matias packed

Herring fillets a'la Vacuum C L. 72

Matias packed monocytogenes

Herring fillets a'la Vacuum C L. 120

Matias packed monocytogenes

Herring fillets Vacuum A L. 120
packed monocytogenes

Delicate herring fillets Vacuum B L. 120
packed monocytogenes

Spicy Matias Vacuum B L. 120
packed monocytogenes

The fact of the presence of Listeria in salted herring inclined us to determine the abilities of

reproduction of Listeria monocytogenes. Results in fig. 1 and fig. 2 show that the micro-
organisms multiply in this environment. The only barrier inhibiting the growth of Listeria was
exclusively the temperature. Herring stored at 10°C did not develop any increase in the
number of Listeria. In turn, in the product stored at room temperature there was an increase in

the number of the bacteria by 3.5 logarithmic units after 7 days. Examining the ability of

growth of L. monocytogenes in the crab meat, Bracket and Beuchat (1990) stated that the
bacteria began to reproduce after 2 days at 10°C and at 5°C - after 5 days. Growth inhibition
of Listeria in salted herring, stored at 10°C, can be explained by the influence of NaCl. As
long as either the temperature of 10°C or 8% NaCl separately does not have an inhibiting
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influence on the growth of Listeria then both of the agents acting simultaneously gave
inhibiting effects. An addition of sodium benzoate had little influence on the development of
Listeria. Nevertheless, it was established that an addition of the preservative delayed the
reproduction of Listeria by 3 days at room temperature in comparison to a sample without
sodium benzoate. The ascertained lack of inhibitory influence of sodium benzoate on Listeria
can be explained by an adaptation mechanism of the bacteria to preservatives due to the
influence of former environmental stresses (Yuqian Lou and co. 1997). The prepared brine
also contained acetic acid. When mixed with raw fish, the initial pH level was 4.5-4.66 so it
was in the range tolerated by most pathogenic micro-organisms existing in food. In storage of
the samples, pH gradually increased, which is depicted in the figures, to finally research 6.39
at 10°C, and 7.13 at room temperature. As it was mentioned before, Faber established that the
minimum pH, required for the growth of Listeria, was dependent on the temperature, and the
lower the temperature, the higher the pH level of the culture medium must be. Well, we
cannot then rule out that the environment acidity in the first period of salting was an
inhibitory factor for the growth of the bacteria at low temperatures. The above results indicate
that salted herring, stored at an improper temperature, can become a dangerous to humans'
health consumer product. Observations of shops point out that this product is often sold by the
weight from big packages stored at room temperature. Herrings salted in a traditional way
were, because of a high concentration of NaCl, regarded as bacteriologically safe products,
retaining life even at room temperature. A change in the way of salting in a society carrying
conviction of life and bacteriological safety of salted herring may have tragic results. It is then
to the purpose to work out a herring salting recipe inhibiting the development of Listeria
monocytogenes, regardless of storage conditions.

Figure 1. The growth of Listeria monocytogenes in salted herring at 8 °C
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Figure 2. The growth of Listeria monocytogenes in salted herring at 20 °C
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Figure 3. pH in salted herring at 8 °C.
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Figure 4. pH in salted herring at 20 °C.
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