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Abstract

Microbiological and sensory changes of vacuum-packaged ‘gravad’ rainbow trout slices were studied during storage at 3
and 88C. At the time of spoilage, after 27 and 20 days of storage at 3 and 88C, respectively, both mesophilic viable counts
Ž . Ž . 6 7 7 8MVC and psychrotrophic viable counts PVC reached 10 –10 cfurg at 38C and 10 –10 cfurg at 88C. H S-producing2

Ž .bacteria constituted a high proportion of the PVCs and lactic acid bacteria LAB counts were lower than the other
determined bacterial counts. Sensory scores decreased with increasing MVC and PVC. The judges considered samples unfit
for human consumption at MVC and PVC levels exceeding 106 and 107 cfurg for samples stored at 3 and 88C,
respectively. At respective levels of 107 and 108 cfurg, most of the samples were deemed unfit. The main reasons for
sensory rejection at both storage temperatures were the lack of the typical product odour or an ammonia off-odour and
colour change to dark violet. The shelf-lives of the rainbow trout slices based on microbiological and sensory analyses were
20 days and 18 days at 3 and 88C, respectively.q2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Sugar-salted fish products, termed ‘gravad’, are
very popular dishes traditionally manufactured in the
Nordic countries. Eaten without further heating, they

) Corresponding author. Tel.:q358-9-19149-706; fax:q358-9-
19149-718.

Ž .E-mail address: ulrike.lyhs@helsinki.fi U. Lyhs .

belong to the ready-to-eat products and are charac-
terised by a salt content of 3–6% and a pH)5. In
Finland, several fish species are used as raw material

Ž . Žincluding salmon Salmo salar , whitefish Core-
. Žgonus laÕaretus and rainbow trout Oncorhyncus

.mykiss . The fish is preserved by addition of sugar
and salt, and dill is added. After a short ripening
process, the products are often vacuum-packed and
stored at chilled temperatures.

0168-1605r01r$ - see front matterq2001 Elsevier Science B.V. All rights reserved.
Ž .PII: S0168-1605 01 00548-7
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Vacuum-packaged ‘gravad’ fish has recently been
considered a potential high-risk food forListeria
monocytogenes infection of susceptible individuals
ŽHartemink and Georgsson, 1991; Ben Embarek and
Huss, 1992; Loncarevic et al., 1996; Ericsson et al.,

.1997; Lyhs et al., 1998 . In conclusion, prevention of
pre- and post-processing contamination, storage be-
low 1 8C and short shelf-lives have been recom-

Ž .mended Lyhs et al., 1998 . ‘Gravad’ fish undergoes
many processing steps, which can result in increased
microbial contamination. This is significant from the
hygienic point of view since this kind of fish product
is eaten without further heating. In addition, the
increasing popularity of vacuum-packaged ‘gravad’
fish products emphasises the need for detailed micro-
biological quality and spoilage pattern research. Lim-
ited research work has been carried out dealing with
the development and composition of the spoilage
microflora of vacuum-packaged ‘gravad’ fish prod-
ucts and associations between sensory quality and
bacterial counts during the storage period. Knøchel
Ž .1983 found the microflora of a few samples of
vacuum-packaged ‘gravad’ salmon to be dominated

Ž .by lactic acid bacteria LAB after 2 weeks storage
Ž .at 4 8C; Leisner et al. 1994 found the same after 18

days storage at 58C.
The purpose of the present study was to charac-

terise in greater detail the microbiological changes
of vacuum-packaged ‘gravad’ rainbow trout slices
during storage at 3 and 88C. Additionally, sen-
sory assessment was carried out during the storage
period.

2. Material and methods

2.1. Production of ‘graÕad’ rainbow trout

The rainbow trout studied were caught from the
˚area close to the Islands of Aland with water of a

Ž .salinity of 0.6% brackish water and a water temper-
ature of 4–68C. The fishes were decapitated and
filleted at a processing plant. The fillets had an
average weight of 600–900 g. Skinning was carried

Žout using a Cretel S36 machine Machine Fabrik
.Jerome, Cretel, Belgium . The fillets were salted

using a combination of injection brining and dry

salting. The pressure used in the brine injector
ŽWolfking Belam B.W., Belam MI-2100, Køge,

.Denmark was 0.9–1.1 bar depending on the fillet
size. After brining, 1% dry salt was added. The brine

Ž .concentration was 21% including 1.5% sugar , pro-
Ž .ducing a NaCl concentration of 3.5% wrw in the

final product. The fillets were covered with plastic
and stored overnight at 08C on stainless steel shelves.
The following day, the fillets were sliced, dill was
added and the fish were weighed into portions of

Ž .150 g each 6–10 slicesrpackage . The fillets were
vacuum-packaged, using a Multivac R 7000 packag-

Žing machine Multivac Verpackungsmaschinen, Wol-
.fertschwenden, Germany , in a polyethylenerpoly-

Žamide film Suomen Union Verpackungs, Helsinki,
.Finland with an oxygen permeability of 29–45 ml

2 Ž .O rm r24 hratm 23 8C, 50% RH and a water2
2 Žvapour permeability of 10–15 grm r24 h 38 8C,

.90% RH . The packages were cooled down to 08C
for 24 h prior to sale. A shelf-life of 18 days was
declared by the manufacturer.

2.2. Storage and sampling

Immediately after processing, the packages were
transported to the laboratory and stored at either 3 or
8 8C. Sample units of three packages were with-
drawn from both temperatures for further analyses.
Samples were studied after 3, 6, 8, 10, 13, 15, 17,
18, 20, 22, 24, 27, 29 and 31 days microbiologically
and after 8, 15, 18, 20, 22, 27 and 31 days sensorily
after production. Salt and dry matter contents were
determined separately for 10 fresh packages at the
beginning of the storage experiment.

2.3. Microbiological analysis

All slices of a package were chopped up in a
ŽMoulinex Food Processor La Moulinette, type D 56,

.Paris, France . A 10-g portion of minced flesh was
Ž .aseptically weighed into 90 ml of 0.9% NaCl wrv

Ž .and 0.1% wrv peptone water in a sterile plastic
bag, and then blended in a Stomacher 400 Lab

Ž .Blender Seward Medical, London, UK for 30 s.
Tenfold serial dilutions were used for microbiologi-
cal analyses.
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Ž .Mesophilic viable counts MVC and counts of
Ž .H S-producers H S–TC were performed in pour2 2

Ž .plates with Iron agar IA according to the method of
Ž .the Nordic Committee on Food Analysis 1994 .

Ž .Psychrotrophic viable counts PVC were done using
Žthe spread plate method on TSA agar Tryptic soy

.agar, Merck, Darmstadt, Germany according to Tru-
Ž .elstrup Hansen et al. 1998 . Lactic acid bacteria

Ž .count LAB was determined by the method of the
Ž .Nordic Committee on Food Analysis 1991 using

Ž .MRS agar Oxoid, Basingstoke, UK . All iron agar
plates were counted after 3 days of aerobic incuba-
tion at 21 8C. PVC and LAB plates were counted
after 5 days of aerobic incubation at 108C and after
5–7 days of anaerobic incubation at 208C, respec-
tively.

2.4. Sensory analysis

The sensory evaluation panel consisted of 8–10
trained panelists. The samples were evaluated for
appearance, texture, odour and taste using the method

Ž .described by Meilgaard et al. 1987 modified to fit
into the present study. Taken the type of fish product
into consideration, the various quality factors were
appropriately weighted to reflect their importance.
Thus, for appearance and texture, a numerical scale
from 0 to 5, and for odour and taste, from 0 to 10
was used. The judges were asked to comment on all
four sensory properties. They stated when samples
were unfit for human consumption and the reason for
rejection of a particular sample. Furthermore, they
noted any colour change. The description used for
the sensory characteristics had been developed dur-
ing the training sessions.

All samples were coded by a letter and were
presented to the judges in random order. A sample
was deemed spoiled if at least three judges consid-
ered it unfit for human consumption.

2.5. Chemical analysis

Ž .The Nordic Committee on Food Analysis 1974
Ž .was used to determine the salt chloride content

expressed as %NaCl in water phase. Dry matter
content was determined by drying a 10-g sample
homogenate at 1358C for 6 h until a constant weight

was obtained. Water content was calculated from the
dry matter content.

The pH was determined from the first ho-
mogenate made for microbiological analysis by a

ŽWTW-530 Digital-pH-meter Wissenschaftliche-
.Technische Werkstatten, Weilheim, Germany .¨

2.6. Statistical analysis

A least-squares method was used to estimate the
parameter values for the considered models. To re-
duce random error, mean values of the obtained
microbiological and sensory data were used for sam-
ples with the same storage time and temperature.

2.6.1. Growth curÕe analysis
The bacterial counts for MVC, PVC, H S–TC2

and LAB at both storage temperatures were analysed
as a function of time. Two bacterial growth models
were considered: four parameter Gompertz model as

Ž .described by Jefferies and Brain 1984 and Baranyi
Ž .model Baranyi et al., 1993 . Using the Gompertz

model, a typical bacterial growth curve could not be
obtained for MVC and PVC at 88C storage tempera-
ture. However, the Gompertz model was chosen for
this study as the Baranyi model failed to model a
typical bacterial growth curve in six of eight cases
ŽMVC and PVC at 38C; MVC, PVC and H S–TC2

.at 8 8C . The Gompertz growth curve given is

L t sAqCeyeyB Ž tyM .
, 1Ž . Ž .

Ž .where L t is the log bacteria countrg in time t10
Ž .days , A is the asymptotic log -count as time10

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 pro-
gramme with a Statistics Toolbox on a personal
computer.

The obtained parameters are used to derive formu-
Žlas for additional quantities: growth rate log10

. Ž . Ž .countrday Gibson et al., 1988 , lag-time days ,
time needed to reach asymptotic maximum bacteria

Ž . Ž . Ž .count t days Korkeala et al., 1989 , andbcmax
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time needed to reach bacteria count of 10x cfurg
Ž . Ž .t daysbc x

BC
growth rates 2Ž .

e

1
lagsMy 3Ž .

B

ey1Ž .
t s qM 4Ž .bcmax B

C
ln ln ž /xyA

t sMy . 5Ž .bc x B

Due to the very short lag-phase of PVC and MVC at
8 8C storage temperature, the Gompertz function
could not be applied to model the bacterial growth.
In order to estimatet , a second-degree polyno-bc x

mial model was applied.
For comparison, the lag times were calculated

also using the Baranyi model. MicroFit v1.0 pro-
gramme on a personal computer was used.

2.6.2. Association between bacterial growth and sen-
sory scores

A relationship between MVC and PVC with taste
and odour scores was analysed. Linear regression

model was applied to model the relationship and
correlation coefficients were calculated.

A visual examination of the results indicated a
nonlinear association between the bacterial growth
and sensory scores in some cases, similar to those

Ž .presented by Korkeala et al. 1989 . To assess this
hypothesis statistically, a second-degree polynomial
regression model was compared with the linear re-
gression model. The comparison was accomplished
using anF-test.

3. Results

3.1. Microbiological changes

Initial counts were below 102–103 colony form-
Ž . 2 3ing units cfurg and 2=10 –1.3=10 cfurg for

MVC and PVC, respectively. At the time of spoilage,
106–107 cfurg in samples stored at 38C and 107–108

cfurg in samples stored at 88C were examined for
both MVC and PVC. H S–TC and LAB counts2

were below 100 cfurg at baseline. At spoilage,
H S-producing bacteria counts varied from 105–107

2

cfurg and from 106–107 cfurg in samples stored at
3 and 8 8C, respectively. The corresponding LAB

4 6 5 7 Žcounts reached 10 –10 and 10 –10 cfurg Table
.1 . Growth of MVC, PVC, H S–TC and LAB as a2

function of storage time at 3 and 88C is presented in

Table 1
Microbiological and sensory quality of vacuum-packaged ‘gravad’ rainbow trout slices at the time of spoilagea

Bacterial groups Storage Bacterial counts Sensory evaluation
bŽ .temperature cfurg

Ž .8C
6 7Mesophilic viable counts 3 3.4=10 –4.4=10 Soft, dry texture, colour change to dark violet
6 7Psychrotrophic viable bacteria counts 3 7.6=10 –7.0=10 Fruity, bitter, fishy or neutral off-flavour
5 7H S-producing bacteria counts 3 3.2=10 –3.7=10 Lack of product typical odour or2

ammonia off-odour
4 6Lactic acid bacteria counts 3 7.9=10 –1.8=10
7 8Mesophilic viable counts 8 3.1=10 –1.0=10 Soft texture, colour change to dark violet
7 8Psychrotrophic viable bacteria counts 8 5=10 –1.1=10 Fruity, fishy or neutral off-flavour
6 7H S-producing bacteria counts 8 2.4=10 –4=10 Fishy or ammonia off-odour2
5 7Lactic acid bacteria counts 8 7=10 –5.4=10

aA sample was deemed spoiled if at least three judges considered it unfit for human consumption.
bMinimum and maximum bacterial counts.
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Figs. 1 and 2, respectively. The error bars corre-
spond to standard deviations of bacterial levels of the
analysed samples.

Different parameters of the growth curves based
on the Gompertz function at both temperatures are
presented in Table 2. Table 3 shows the lag times
and growth rates for bacterial counts at both temper-
atures. For samples stored at 38C, MVC and PVC
levels of 106 cfurg were determined after 23 and 18
storage days, respectively. For samples stored at 8
8C, MVC and PVC levels of 107 cfurg were deter-

mined after 17 and 16 storage days, respectively
Ž .Table 3 .

3.2. Sensory changes

Freshly produced, vacuum-packaged ‘gravad’
rainbow trout was judged by the panelists for firm
texture, fresh odour, fresh, rich taste and typical
orange–pink coloration. The judges considered sam-
ples unfit for human consumption at MVC and PVC
levels exceeding 106 and 107 cfurg for samples

Ž . Ž . Ž . Ž .Fig. 1. Mesophilic viable counts a , psychrotrophic viable counts b , lactic acid bacteria counts c and H S-producing bacteria counts d2

of vacuum-packaged ‘gravad’ rainbow trout stored at 38C. Each point represents the mean and the standard deviations of three different
Ž .samples. Samples marked with closed circlesv were deemed unfit for human consumption.
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Ž . Ž . Ž . Ž .Fig. 2. Mesophilic viable counts a , psychrotrophic viable counts b , lactic acid bacteria counts c and H S-producing bacteria counts d2

of vacuum-packaged ‘gravad’ rainbow trout stored at 88C. Each point represents the mean and the standard deviations of three different
Ž .samples. Samples marked with closed circlesv were deemed unfit for human consumption.

stored at 3 and 88C, respectively. At MVC and PVC
levels of 107 cfurg at 3 8C and 108 cfurg at 8 8C,
most of the samples were deemed unfit for human
consumption. At the time of spoilage, the samples
stored at 38C were described as soft and dry with a
fruity, bitter, fishy or neutral off-taste and an ammo-
nia off-odour. Additionally, the panelists noted the
lack of the typical product odour.

The samples stored at 88C were rejected on the
basis of the development of soft texture, fruity, fishy
or neutral off-taste and a fishy or ammonia off-odour.

The judges considered a colour change to dark vio-
let, visible at both storage temperatures, indicating of
spoilage. The shelf-lives of the rainbow trout slices
were 20 and 18 days at 3 and 88C, respectively.

3.3. Association of microbiological and sensory
changes

An association between odour and taste scores
with MVC and PVC at both storage temperatures

Ž .was observed Figs. 3 and 4 . Sensory scores de-
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Table 2
Ž . Ž .Asymptotic log -count as time decreases infinitelyA , asymptotic growth as time increases infinitelyC , time of maximum absolute10

Ž . Ž .growth M and maximal relative growth rate at that timeB of growth curves based on Gompertz function at different temperatures

Storage Bacterial counts Parameters of the Gompertz function
temperature A C B M
Ž .8C Ž . Ž . Ž . Ž .log countrg log countrg log countrgrdays days10 10 10

3 Mesophilic viable counts 2.63 4.08 0.198 14.3
3 Psychrotrophic viable bacteria counts 2.96 3.65 0.321 13.0
3 H S-producing bacteria counts 2.13 4.20 0.187 12.92

3 Lactic acid bacteria counts 1.65 5.78 0.0845 14.9
a a a a8 Mesophilic viable counts NE NE NE NE
a a a a8 Psychrotrophic viable bacteria counts NE NE NE NE

8 H S-producing bacteria counts 1.88 4.33 0.366 5.082

8 Lactic acid bacteria counts 2.02 4.05 0.647 6.50

aNE, not estimated. Due to very short lag-phase, the Gompertz function could not be used to model bacterial growth.

creased with increasing MVC and PVC in samples
Ž .stored at 3 and 88C according to Eq. 6

sensory scoresalog MVC or PVC qb. 6Ž . Ž .10

A second-degree polynomial regression model was
compared with the linear regression model using
F-test. The second degree polynomial model could
not be proven to give a statistically better fit than the
linear model at any of the analysed cases, signifi-

cance level beingas0.95. However, in the case
odour vs. MVC for samples stored at 88C an
unlinear association was stated at significance level
of as0.90.

Using the linear regression model the correlation
coefficients for MVC and taste, MVC and odour,
PVC and taste and PVC and odour for samples
stored at 3 and 88C are y0.95, y0.88, y0.92,
y0.95 andy0.88,y0.91,y0.88,y0.89, respec-
tively.

Table 3
Growth rate, lag time, time to reach bacteria count 106 and 107 cfurg and asymptotic maximum using the Gompertz function. For
comparison, lag times as estimated using Baranyi model are shown in parenthesis

Storage Bacterial counts Growth Lag time Time to reach level of different
temperature rate bacterial growths

6 7Ž .8C 10 10 Maximum
Ž . Ž .days days growth

Ž .days
a bŽ .3 Mesophilic viable counts 0.30 9.2 NE 23 ND 23

bŽ .3 Psychrotrophic viable bacteria counts 0.43 9.5 8.4 18 ND 18
bŽ .3 H S-producing bacteria counts 0.29 7.6 6.4 26 ND 222

Ž .3 Lactic acid bacteria counts 0.18 3.1 3.8 30 45 35
c c a cŽ .8 Mesophilic viable counts NE NE NE 12 17 NE
c c a cŽ .8 Psychrotrophic viable bacteria counts NE NE NE 11 16 NE

a bŽ .8 H S-producing bacteria counts 0.58 2.3 NE 13 ND 102
bŽ .8 Lactic acid bacteria counts 0.96 5.0 4.9 13 ND 9

aNE, not estimated; the Baranyi model failed to model bacterial growth.
bND, not determined because asymptotic maximum bacteria count-107 cfurg.
cNE, not estimated. Due to very short lag-phase, the Gompertz function failed to model bacterial growth.
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3.4. Chemical changes

The salt concentration obtained from the fresh,
Ž .vacuum-packaged samples was 5.0% 3.1–7.2% in

the water phase.

Ž . Ž .Fig. 3. Taste and odour scores as a function of log MVCrg a10
Ž . Ž .and log PVCrg b of vacuum-packaged ‘gravad’ rainbow10

trout stored at 38C. Samples marked with̀ represent the taste
score and samples marked withI the odour score. Samples
marked with closed symbols were deemed unfit for human con-
sumption.

Ž . Ž .Fig. 4. Taste and odour scores as a function of log MVCrg a10
Ž . Ž .and log PVCrg b of vacuum-packaged ‘gravad’ rainbow10

trout stored at 88C. Samples marked with̀ represent the taste
score and samples marked withI the odour score. Samples
marked with closed symbols were deemed unfit for human con-
sumption.

The pH value was fairly stable during the storage,
ranging from 6.49 initially to 6.37 and 6.29 at the
time of spoilage for 3 and 88C storage, respectively.

4. Discussion

Low initial bacterial counts of the vacuum-
packaged ‘gravad’ rainbow trout slices, with levels
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below 102–103 and 2=102–1.3=103 cfurg for
MVC and PVC, respectively, indicate high fish qual-
ity and good manufacturing practices.

H S-producing bacteria constituted a large pro-2
Ž .portion of the PVC at the time of spoilage Table 1 .

H S-producing bacteria are favoured by a low oxy-2

gen level, but in environments with increasing car-
Žbon dioxide levels, they are inhibited Jensen et al.,

.1979; Jørgensen et al., 1988 . When vacuum-packag-
ing is used, due to bacterial metabolism, carbon
dioxide levels in the gaseous phase gradually in-

Ž .crease inside the package Silliker and Wolfe, 1980 ,
thereby probably also influencing the growth of the
H S-producing bacteria. However, since these bacte-2

ria occur in high numbers, they nonetheless represent
an important part of the spoilage flora of vacuum-
packaged ‘gravad’ rainbow trout.

The LAB counts were lower than the other bacte-
Žrial counts determined at the time of spoilage Table

. Ž .1 . In contrast, Knøchel 1983 found the microflora
of a few samples of vacuum-packaged ‘gravad’
salmon to be dominated by lactobacilli after 2 weeks

Ž .storage at 48C, and likewise, Leisner et al. 1994 ,
after 18 days storage at 58C. Jeppesen and Huss
Ž .1993 also reported LAB as a dominant microbial
group in vacuum-packaged ‘gravad’ salmon, mack-
erel and Greenland halibut stored 2–4 weeks at 5
and 108C. Based on these contradictory results, it is
unlikely that only one specific spoilage microflora

Ž .on ‘gravad’ fish exists. Truelstrup Hansen 1995
reached the same conclusion for vacuum-packaged
cold-smoked salmon; observing when cold-smoked
salmon was sensorily rejected, one out of three
different microfloras dominated, namely LAB, LAB
and Enterobacteriaceae or LAB and Photobac-
terium phosphoreum, depending on whether intro-
duction of the microorganims occurred through the
raw material or from the production environment.

Ž .Paludan-Muller et al. 1998 reported for the same¨
fish product a spoilage microflora composed of LAB
with an associated Gram-negative flora of varying
levels. It seems that also in ‘gravad’ fish different
organisms can grow successfully, and thus, different
situations may develop with different spoilage flora
forming during storage.

An association between total viable counts, psy-
chrotrophic counts and sensory scores was observed
Ž .Figs. 3 and 4 . Sensory scores decreased with in-

creasing bacterial counts at both storage tempera-
tures. Examination of the results indicated a nonlin-
ear association in certain cases, similar to those

Ž .presented by Korkeala et al. 1989 . Comparing the
second-degree polynomial regression model with the
linear regression model indicated that the former
model could not be proven to be a statistically better
fit. However, more samples would be required to
determine an unlinear association.

Ž .For fish products, Scott et al. 1984 observed
towards the end of the shelf-life of modified atmo-
sphere-and vacuum-packaged untreated snapper fil-
lets that the most consistent correlation with sensory
results was the total aerobic plate count. Neverthe-
less, no relationship between any microbiological
numbers and sensory changes has been found in
vacuum-packaged cold-smoked fish products
ŽMagnusson and Traustadottir, 1982; Leroi et al.,´ ´

.1998; Truelstrup Hansen et al., 1995, 1998 . Smoke
Žhas a known influence on odour and taste Southcott

.and Razzell, 1973; Karnop, 1980 , and may influ-
ence the relationship between sensory and microbio-
logical analyses. Thus, in non-smoked fish products,
any sensory changes can be more easily detected and
at an earlier stage.

5. Conclusion

High bacterial counts have a major significance in
sensory assessment of vacuum-packaged ‘gravad’
rainbow trout slices. Critical counts ofG106 and
G107 cfurg for samples stored at 3 and 88C,
respectively, together with beginning sensory faults
indicate that the quality of the product is decreasing
and that the remaining shelf-life may be short. The
microflora at the time of the spoilage was complex,
with H S-producing bacteria and LAB among the2

predominant psychrotrophic organisms. Further stud-
Ž .ies on identification of the specific spoilage organ-

isms are necessary to understand their role in the
spoilage process.
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