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Experiments were carried out to examine the behavior of Listeria monocytogenes in the course of fabrication
and storage of smoked salmon. In three trials, raw salmon fillets were surface inoculated with L. monocyto-

genes, marinated, smoked at 26 to 30°C, and stored at 4 or 10°C for up to 30 days. At different times during
the fabrication and storage, samples were taken and, by means of the three-tube most probable number (MPN)
method, quantitatively analyzed for the concentration of L. monocytogenes. The initial Listeria levels in the raw
fillets were 104 MPN/g in trial 1, 101 MPN/g in trial 2, and 102 MPN/g in trial 3. During the fabrication, neither
an increase nor a decrease of the inoculated quantities was observed. During the storage, however, a significant
growth was measured in two of three trials; in trial 1, a 2.5 loglo MPN/g increase and in trial 3, an increase
of even 4.5 log10 MPN/g. In the second trial, the Listeria level remained about the same. The results indicate
the importance of preventing pre- and postprocessing contamination of L. monocytogenes in raw and smoked
salmon. Because a significant increase of L. monocytogenes was measured during storage, there might be an

increasing risk of infection for the consumer by storing such fish for a long time.

Listeria monocytogenes is an ubiquitous bacterium which
can be found very often in food. It has been proven to be the
causative agent in outbreaks of food-borne listeriosis in
North America and Switzerland (2, 9, 13, 23). The lethality
of these epidemics was very high (25 to 30%). Infections
occurred mainly in pregnant women, their unborn children,
and immunodeficient persons. The implicated foods were
pasteurized milk, soft cheese, and vegetables. At present,
there are no reports on epidemic outbreaks due to consump-
tion of fish and meat products, although these products are
often contaminated. In recent studies, however, a relation-
ship between some sporadic cases of listeriosis and the
consumption of contaminated meat products has been sus-
pected or even proven (3, 5, 15, 25). L. monocytogenes has
also been isolated from fish and seafood. Weagant et al. (29)
found a contamination rate of 26% in frozen seafood prod-
ucts, and Caserio et al. (4) found a contamination rate of25%
in fish products. Jemmi (14) isolated L. monocytogenes in
24% of analyzed samples of smoked salmon. Lennon et al.
(19) suggested that raw seafood may have played a part in
some listeriosis cases in New Zealand. Little data are
available on the incidence and behavior of L. monocyto-
genes during processing and storage of smoked fish.

In order to estimate the potential health hazard for the
consumer eating contaminated salmon, the behavior of L.
monocytogenes was studied during the fabrication and stor-
age of artificially contaminated salmon.

MATERIALS AND METHODS

Preparation of bacterial inocula. For all experiments, L.
monocytogenes serotype 1/2b was used. This serotype was
most frequently found in fish and fish products (7, 14). In
trials 1 and 2, a serological reference strain (SLCC 2755 from
the Special Listeria Culture Collection, Wurzburg, Ger-
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many) was used, and in trial 3, a wild-type strain isolated
from smoked salmon was used.

Inocula were prepared from cultures grown in trypticase
soy broth (Becton Dickinson) for 18 h at 37°C and were
diluted to provide concentrations of about 104 to 106 CFU/
ml. Inoculum broths were enumerated by spread plating of
serial (1:10) dilutions on tryptose phosphate agar plates
(Becton Dickinson) incubated at 37°C for 24 h. The final
concentrations in inoculum broths were 4 x 106 CFU/ml in
trial 1, 1.3 x 104 CFU/ml in trial 2, and 2.9 x 104 CFU/ml in
trial 3.

Inoculation and preparation of smoked salmon. Fresh fil-
leted salmon was obtained from a Swiss fish-smoking plant.
Six fillets of about 800 g each were used per trial. The salmon
fillets were laid in the respective inoculum broths for 5 min,
removed, and left to dry off for 10 min at room temperature.
Afterward, the fillets were laid for 24 h in a salt marinade
containing 6% NaCl. Finally, the salmon was smoked at 26
to 30°C for 6 h. The finished products were stored under
refrigeration-one portion at 4°C, the other at 10°C-for up
to 30 days.

Sampling. At each sampling, a section of the fillet surface
(4 by 4 cm) was marked and punched out. With a sterile
knife, a 3-mm-thick slice weighing about 10 g was cut from
this section. Duplicate samples were taken from the fresh
fillets after inoculation, after marination, after smoking, and
after freezing at -25°C (common in trade before slicing).
Finally, the finished products were sampled after 10, 20, and
30 days of storage at 4 or 10°C.
Enumeration of L. monocytogenes. L. monocytogenes was

enumerated by a three-tube most probable number (MPN)
technique. The samples were macerated for 2 min in a
stomacher with 90 ml of University of Vermont broth I and
incubated for 24 h at 37°C (17, 20). A 0.1-ml volume of this
broth was spread plated on PALCAM agar (28). The plates
were incubated microaerobically for 48 h at 30°C. Colonies
typical of L. monocytogenes were subcultured on sheep
blood agar plates (5%) and confirmed by means of a Gram
stain, catalase test, and beta-hemolysis.
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FIG. 1. Growth of L. monocytogenes SLCC 2755 during processing and storage of smoked salmon (trial 1). Symbols: X-, course of the
L. monocytogenes concentration during processing; -, course of the L. monocytogenes concentration during storage at 4°C; -, course
of the L. monocytogenes concentration during storage at 10°C. Gray area, 95% confidence limits of the MPN values.

From the MPN values of the duplicate samples, the
arithmetic means were calculated. The 95% confidence
limits were taken from the Swiss Food Manual (8). Signifi-
cant increase or decrease of the Listeria levels was reached
when the confidence intervals of the MPN values did not
intersect.

Physicochemical analyses. aw values were determined with
a hygroscope (ROTRONIC-Hygroskop DT, Zurich, Swit-
zerland), and pH values were determined with an electronic
pH meter (type 11; Wintion, Gerzensee, Switzerland).

RESULTS

Trial 1 (Fig. 1). The Listeria inoculum of the salmon fillets
was 2.3 x 104 MPN/g. The marination and smoking had no

significant effect, since the concentrations still varied be-
tween 104 and 105 MPN/g. Also, after a storage of 10 days at
either 4°C or 10°C, the quantities were still at the inoculum
level. After 20 days, however, a significant increase of up to
2.3 x 106 MPN/g at the 10°C storage temperature could be
measured, while at 4°C, the concentration was 1.2 x 105
MPN/g. Until the end of the storage time, the concentration
of L. monocytogenes grew slightly (up to 6.5 x 106 MPN/g)
at both temperatures. In fact, in this trial, a 2.5 loglo MPN/g
increase could be observed.

Trial 2 (Fig. 2). In this trial, the inoculum was quite small
(23 MPN/g). During manufacture and storage of the fillets,
neither an increase nor a decrease of the L. monocytogenes
concentrations was ascertained. The different storage tem-
peratures had no influence on the Listeria concentration.

Trial 3 (Fig. 3). The inoculum amounted to 6.5 102
MPN/g. During marination and smoking, the concentration

stayed about the same (0.65 x 10i to 2.2 x 103 MPN/g).
During storage, the Listeria concentration increased dis-
tinctly; at 10°C, it increased from 9 x 106 MPN/g after 10
days to 1.6 x 107 MPN/g after 30 days, and at 4°C, it
increased from 3.2 x 104 MPN/g to 2.5 x i07 MPN/g. The
differences between the storage temperatures after 10 and 20
days are significant; the 95% confidence intervals did not
intersect. At the end of the storage, after 30 days, the
concentration of L. monocytogenes was about 107 MPN/g,
and no difference between the storage temperatures could be
stated. In fact, in this trial a 4.5 log1o MPN/g increase was
established.

Freezing. In all three trials, freezing of the finished prod-
ucts had no significant effect on the Listeria concentration.

Physicochemical analyses. The pH and aw values varied
between 5.8 to 6.3 and 0.93 to 0.96, respectively. These
physicochemical properties had no significant influence on
the behavior of L. monocytogenes.

DISCUSSION

During processing of smoked salmon, the L. monocyto-
genes concentration remained about the same. Therefore,
technological parameters seemed to have no obvious influ-
ence.

(i) NaCl. Listeria species are considered to be very resis-
tant to high salt concentrations and can easily survive in a
marinade with 6% NaCl (27).

(ii) Smoking. Beltran et al. (1) showed in their investiga-
tions on sardine fillets that smoking had an antibacterial
effect. Studies by Messina et al. (21) showed that liquid
smoke preparations, used in manufacture of frankfurters,
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FIG. 2. Growth of L. monocytogenes SLCC 2755 during processing and storage of smoked salmon (trial 2). Symbols are the same as for
Fig. 1.

had antimicrobial activity against L. monocytogenes. In the
present study, these results could not be confirmed.

(iii) Smoking temperature. Cold smoked fishes are more

frequently contaminated with L. monocytogenes than hot

smoked fishes (14). Smoking temperatures below 30°C (usual
in the manufacture of smoked salmon) cannot eliminate L.
monocytogenes. But obviously, the conditions during smok-
ing prevented L. monocytogenes from growing.
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FIG. 3. Growth of L. monocytogenes 1/2b (wild-type strain) during processing and storage of smoked salmon (trial 3). Symbols are the

same as for Fig. 1.
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(iv) pH. pH values varied between 5.8 and 6.3; no influ-
ence on the Listeria concentration was observed. Seeliger
(26) stated that Listeria species can multiply in a pH interval
from 5.6 to 9.6, while Conner et al. (6) observed a multipli-
cation even at a pH of 5.0.

(v) aw. The aw values were very stable (0.93 to 0.96) and
did not prevent a multiplication of L. monocytogenes.

Freezing to temperatures of -25°C had no influence on the
Listeria concentration, either. Kaya and Schmidt (16) had
the same experiences with experimentally contaminated
minced meat, which they stored at -18°C for more than 6
months. Bille and Glauser (2), however, noted a decrease of
L. monocytogenes of about 101 to 102 in stored Vacherin
Mont d'Or (a soft cheese implicated in the Swiss listeriosis
outbreak).
During storage, a significant multiplication of L. monocy-

togenes was recorded for trials 1 and 3. These results show
that refrigeration at 4 to 10°C will not prevent the growth of
L. monocytogenes in smoked salmon. Other authors indi-
cated that L. monocytogenes is able to grow also on various
meat products at refrigeration temperatures (10, 24). In-
creases of 2.5 log1o units and 4.5 log1o units to values of
approximately 107 cells per g, as observed in the present
study, are very important and can be compared with those
found in Vacherin Mont d'Or, which was contaminated with
105 to 107 cells per g of rind (2). In trial 2, however, there was
no significant change of the inoculated numbers of L. mono-
cytogenes. This could be due to the following reasons. (i) In
trials 2 and 3, the inocula were somewhat low. A reference
strain was used in the second trial, while in the third trial, a
wild-type strain isolated from smoked salmon was inocu-
lated. It seems probable that this wild-type strain can grow
better on salmon than a reference strain. (ii) The different
bacterial load of the raw materials seems to play an essential
role in the further development of Listeria species in smoked
salmon. The interactions between Listeria species and other
bacteria are quite complex. If lactobacilli are added to
heated meat, the Listeria growth is inhibited (18), while
Pseudomonas spp., in combination with other bacteria such
as Escherichia coli or Micrococcus spp., possibly even exert
a stimulating influence on the Listeria growth (11, 18). The
bacterial flora of stored smoked fish consists mainly of
Lactobacillus spp. (12, 22). If at the beginning of the storage
lactobacilli predominate, a multiplication of L. monocyto-
genes will probably be inhibited. The use of some specific
Lactobacillus spp. as protective cultures should be tested.
These results indicate the importance of preventing an

initial contamination of raw fish. Since the concentration of
L. monocytogenes in the finished product depends on the
initial bacterial load, it should be kept as low as possible. It
should also be regarded as a strict rule to maintain the
refrigeration chain during the whole manufacturing and
storage process until the sale to the consumer. Recontami-
nation should be prevented by means of appropriate appli-
cation of hygiene and technology.
Because a significant increase of L. monocytogenes during

the storage of smoked salmon was measured, there may be
an increasing risk of infection for the consumer by storing
such fish for a long time.

REFERENCES

1. Beltran, A., C. Pelaez, and A. Moral. 1989. Keeping quality of
vacuum-packed smoked sardine fillets: microbiological aspects.
Z. Lebensm. Unters. Forsch. 188:232-236.

2. Bille, J., and M. P. Glauser. 1988. Listeriosis in Switzerland.

Bull. Off. Fed. de la Sante Publique 3:28-29.
3. Cantoni, C., C. Balzaretti, and M. Valenti. 1989. A case of

listeriosis following consumption of sausages. Arch. Vet. Ital.
40:141-142.

4. Caserio, G., C. Gronchi, and C. Villa. 1989. Listeria in meat,
fish, poultry, stuffed pastries, and vegetables. Industrie-Alimen-
tari 28:250-253.

5. Centers for Disease Control. 1989. Listeriosis associated with
consumption of turkey franks. Morbid. Mortal. Weekly Rep.
38:267-268.

6. Conner, D. E., R. E. Brackett, and L. R. Beuchat. 1986. Effect
of temperature, sodium chloride, and pH on growth of Listeria
monocytogenes in cabbage juice. Appl. Environ. Microbiol.
52:59-63.

7. Favre, C., E. Bannermann, F. Ischer, and J. Bille. 1990. Liste-
riosis in Switzerland: the situation during the 2 years following
the Swiss outbreak. Poster at the 49th Annual Congress of the
Swiss Society for Microbiology, Sion, Switzerland.

8. Federal Printing and Supplies Office. 1988. Official methods of
analysis, p. 5/21-5/28. Swiss food manual, 5th ed. Federal
Printing and Supplies Office, Bern, Switzerland.

9. Fleming, D. W., S. L. Cochi, K. L. Macdonald, J. Brondum,
P. S. Hages, B. D. Plikaytis, M. B. Holmes, A. Audurier, C. V.
Broome, and A. L. Reingold. 1985. Pasteurized milk as a vehicle
of infection in an outbreak of listeriosis. N. Engl. J. Med.
312:404-407.

10. Glass, K. A., and M. P. Doyle. 1989. Fate of Listeria monocy-
togenes in processed meat products during refrigerated storage.
Appl. Environ. Microbiol. 55:1565-1569.

11. Gouet, P., J. Labadie, and C. Serratoire. 1978. Development of
Listeria monocytogenes in monoxenic and polyxenic beef
minces. Zentralbl. Bakteriol. Hyg. 1. Abt. Orig. B 166:87-94.

12. Hildebrandt, G., and I. Erol. 1988. Sensorical and microbiolog-
ical investigation of sliced vacuum-packed smoked salmon.
Arch. Lebensmittelhyg. 39:120-123.

13. James, S. M., S. L. Fannin, B. A. Agee, B. Hall, E. Parker, J.
Vogt, G. Run, J. Williams, and L. Lieb. 1985. Listeriosis
outbreak associated with Mexican-style cheese-California.
Morbid. Mortal. Weekly Rep. 34:357-359.

14. Jemmi, T. 1990. Actual knowledge of Listeria in meat and fish
products. Mitt. Geb. Lebensmittelunters. Hyg. 81:144-157.

15. Kaczmarski, E. B., and D. M. Jones. 1989. Listeriosis and
ready-cooked chicken. Lancet i:548.

16. Kaya, M., and U. Schmidt. 1989. Behaviour of Listeria mono-
cytogenes in minced meat during chilled and frozen storage.
Fleischwirtsch. 69:617-620.

17. Lee, W. H., and D. McClain. 1986. Improved Listeria mono-
cytogenes selective agar. Appl. Environ. Microbiol. 52:1215-
1217.

18. Leistner, L., U. Schmidt, and M. Kaya. 1989. Listeria spp. in
meat and meat products. Mitteilungsblatt der Bundesanstalt fur
Fleischforschung Kulmbach 28:192-199.

19. Lennon, D., B. Lewis, C. Mantell, D. Becroft, B. Dove, K.
Farmer, S. Tonkin, N. Yeates, R. Stamp, and K. Mickleson.
1984. Epidemic perinatal listeriosis. Pediatr. Infect. Dis. J.
3:30-34.

20. McClain, D., and W. H. Lee. 1988. Development of USDA-FSIS
method for isolation of Listeria monocytogenes from raw meat
and poultry. J. Assoc. Off. Anal. Chem. 71:660-664.

21. Messina, M. C., H. A. Ahmad, J. A. Marchello, C. P. Gerba, and
M. W. Paquette. 1988. Effect of liquid smoke on Listeria
monocytogenes. J. Food Prot. 51:629-631.

22. Rakow, D. 1977. Bacterial load on commercial smoked fish.
Arch. Lebensmittelhyg. 28:192-195.

23. Schlech, W. F., P. M. Lavigne, R. A. Bortolussi, A. C. Allen,
E. V. Haldam, A. W. Hightower, S. E. Johnson, S. H. King,
E. Nicholls, and C. V. Broome. 1983. Epidemic listeriosis-
evidence for transmission by food. N. Engl. J. Med. 308:203-
206.

24. Schmidt, U., and M. Kaya. 1990. Behaviour of Listeria mono-
cytogenes in vacuum-packed sliced frankfurter-type sausage.
Fleischwirtsch. 70:236-240.

25. Schwartz, B., C. V. Broome, G. R. Brown, A. W. Hightower,

APPL. ENVIRON. MICROBIOL.



L. MONOCYTOGENES IN CONTAMINATED SMOKED SALMON 1527

C. A. Ciesilski, S. Gaventa, B. G. Gellin, and L. Mascola. 1988.
Association of sporadic listeriosis with consumption of cooked
hot dogs and undercooked chicken. Lancet ii:779-782.

26. Seeliger, H. P. R. 1961. Listeriosis. Hafner Publishing Co., New

York.
27. Shahamat, M., A. Seaman, and M. Woodbine. 1980. Survival of

L. monocytogenes in high salt concentrations. Zentralbl. Bak-
teriol. Hyg. 1. Abt. Orig. A 246:506-511.

28. van Netten, P., I. Perales, G. D. W. Curtis, and D. A. A. Mossel.
1989. Liquid and solid selective differential media for the
detection and enumeration of Listeria monocytogenes and other
Listeria spp. Int. J. Food Microbiol. 8:299-316.

29. Weagant, S. D., P. N. Sado, K. C. Collburn, J. D. Torkelson,
F. A. Stanley, M. H. Krane, S. C. Shielda, and C. F. Thayer.
1988. The incidence of Listeria species in frozen seafood
products. J. Food Prot. 51:655-657.

VOL. 57, 1991


