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Introduction

Smoked fi sh is a ready–to–eat product, con-
sumption of which had increased considerably in the 
last decade in many European countries (Gallart-
Jornet et al., 2007). In 2009, more than 121 million 
tonnes of world fi sh production was used for direct 
human consumption. 57 million tonnes, (46.8%), 
of the fi sh intended for human consumption was in 
live and fresh form. 65 million tonnes, (53.2 %), of 
the world’s fi sh production underwent some form 
of processing. About 35 million tonnes, (28.6 %) 
of the total processed fi sh was used for manufactur-
ing products for direct human consumption in fro-
zen state, followed by canned fi sh, about 17.5 mil-
lion tonnes (14.4 %), and smoked fi sh, about 12.4 
million tonnes (10.2 %), (Anon, 2009). This was ac-
companied by a signifi cant increase in production of 
farmed salmon (Atlantic salmon), (Cardinal et al., 
2001). At the time, nearly 40-50% of the Europe-
an farmed salmon was consumed as a cold-smoked 

product (Røra et al., 1999). For example, each year 
45,000 tons of farmed salmon are used in France 
to produce 18,000 tons of smoked salmon, 15% of 
which is exported in Italy, Belgium and Germany 
(Cardinal et al., 2004). Production of smoked fi sh 
and especially smoked salmon is one of the most im-
portant sectors in European fi shery nowadays. Al-
though smoked salmon was earlier considered as 
a “luxury” food item, it is now more a product of 
general consumption. In Serbia, within such type of 
fi sh products, smoked trout (Salmo gairdneri) and 
smoked carp (Cyprinus carpio) are becoming par-
ticularly and increasingly popular, so there is a sig-
nifi cant market demand for these products.

Production and retailing of cold smoked fi sh 
is a complex multi-step process, including salt-
ing, smoking, packaging in vacuum or modifi ed 
atmosphere packaging MAP (Babić et al., 2009; 
Milijašević et al., 2010), and storage-retail under 
refrigeration conditions (below 4°C). The shelf-
life of the fi nal product depends on numerous and 
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interrelated production parameters such as char-
acteristic of raw material, process hygiene, salting 
method, salt level, smoking conditions, packaging in 
vacuum or under modifi ed atmosphere, storing con-
ditions, etc. Therefore, it is of great importance to 
optimize the individual processing steps involved in 
the production (Gallart-Jornet et al., 2007).

Salting of fi sh is the fi rst step in the smoked 
fi sh production process, which is critical for the shelf 
life, good quality and yield of the fi nal product. The 
preservative effect of salting is due to lowering of 
water activity (aw), (Jittinandana et al., 2002; Leroi 
and Joffraud, 2000), and thus reducing growth of 
many spoilage microorganisms (Horner, 1997, Rør-
vik, 2000). Dry salting is traditional but still the most 
common method of fi sh salting, whilst wet salting is 
rare in practice. In the latter case, e.g. with the At-
lantic salmon fi llet, the yield after salting was high-
er when more diluted brines were used, compared 
to usage of saturated brine and dry salting (Gallar-
Jornet et al., 2007). Nevertheless, it should be not-
ed that, in modern times, fi sh products are relative-
ly lightly salted. Both the salt content and the level 
of smoking applied vary among and within Europe-
an countries (Cardial et al., 2001; Røra et al., 2004; 
Gallart-Jornet et al., 2007).

Smoking is a subsequent step in the smoked 
fi sh production process. The preservative effects of 
smoking depend also on other factors, including the 
composition and processing of raw material, and rel-
ative humidity (Kolodziejska et al., 2002). Smoke 
consists of numerous components including alde-
hydes, ketones, alcoholes, acids, hydrocarbons, es-
ters and phenols (Doe et al., 1998; Shahidi, 1998; 
Guillѐn and Errecalde, 2002; Guillén et al., 2006). 
Smoking extends the shelf-life of smoked fi sh as a 
result of the combined effects of dehydration, anti-
microbial and antioxidant activity of some of smoke 
constituents (Doe et al. 1998; Horner, 1997, Leroy 
and Joffraud, 2000; Rørvik, 2000). Nevertheless, 
today, the main reason for smoking is manufactur-
ing of fi sh products of desirable sensory properties, 
so “current” smoked fi sh products typically contain 
higher moisture and lower salt content (so lower aw) 
than traditional, intensively smoked products.

Lightly salted and mildly heated smoked fi sh 
may contain bacteria – both spoilage organisms and 
foodborne pathogens – that, either survive the pro-
duction process, or are present on the fi nal product 
during the post-processing handling. Due to the fact 
that the temperature during the cold smoking never 
exceeds 28 ºC, it does not have any signifi cant an-
timicrobial effect on pathogens in cold smoked fi sh 
(Gudbjornsdottir et al., 2010). Spoilage of fi sh, char-
acterised by production of the spoilage odours and 

fl avours, is due to metabolism of the microorganisms 
and the fi sh tissue autolytic enzymes having a ma-
jor impact on textural deterioration (Hansen et al., 
1996). In addition to salting and smoking effects, the 
shelf-life of smoked fi sh is affected by storage condi-
tions. Differences in packaging– and temperature-re-
lated parameters throughout the storage period result 
in different product shelf-lives (Church and Parsons 
1995; Cutter, 2002; Bugueño et al., 2003).

Decision taken by a producer regarding choice 
of smoked fi sh technology and related parameters 
to be used is infl uenced by the market demand and 
by the need for economical profi t, as well. Further-
more, the choice of the process control parameters, 
such as duration of salting, concentration of brine 
and smoking temperature, is also infl uenced by spe-
cifi c characteristics of the fi nal product that need to 
be achieved (Cardinal et al., 2004).

Good knowledge and appropriate selection of 
raw material is a prerequisite for effective process 
controls, good yield and required smoked fi sh quality 
(Beltrán and Moral, 1991; Røra et al., 1999; Cardi-
nal et al., 2001; Birkeland et al., 2004). Frozen fi sh is 
frequently used for production of smoked fi sh prod-
ucts. This is particularly the case during periods when 
the fi sh catch exceeds the processing capacities, a sit-
uation occurring more often with smaller processors. 
Therefore, the main objective of this study was to de-
termine the effect of freezing of raw material (fi sh) 
on the quality parameters (sensory, chemical and mi-
crobiological) of smoked trout fi llets.

Material and methods

Fresh whole trout (average mass of 1 kg) were 
obtained from the fi shery Bočac, Banja Luka, Re-
public of Srpska – Bosnia and Herzegovina, and 
transported to the fi sh processing plant in special re-
frigerated vehicles, at 4°C. The fi sh was subsequent-
ly slaughtered and separated into two groups: fi sh in 
the control group, which remained unfrozen, whilst 
those from the experimental group were frozen at – 
40°C. Trout from the control group were rinsed in 
potable water and subsequently wet salted for 24 h in 
brine solution (9% salt) containing rosemary (quan-
tum satis), in a temperature-controlled room (4°C). 
After salting, before smoking, fi sh was drained for 
one hour at 20°C in smoking chambers. The smok-
ing was performed in automated smoke chambers 
at the temperature of 28°C during the period of 8 
hours. The smoke was produced from beech wood 
sawdust in a generator separated from the smoking 
chamber. Subsequently, fi sh was cooled (at 2°C, for 
10 h), and then sliced (each slice 0.5 cm thickness; 
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150 g). During the slicing, both, the skin and the rib 
bones were removed. Finally, the smoked trout fi l-
lets were vacuum packaged. Trout from the exper-
imental group were frozen in a freezing tunnel (air 
temperature – 40°C), placed individually in plas-
tic bags and stored at –20°C. After 20 days, the fi sh 
were thawed by submersion in water (10 °C) for 5 
hours and subjected to the processing in the same 
manner as described for the control group. The vac-
uum-packed, smoked trout fi llets from both, control 
and experimental, groups were stored for 21 days at 
4°C and sampled for analysis at 0, 7th, 14th and 21st 
days of the storage. Smoked trout fi llets from both 
groups were analysed at 0, 7th, 14th and 21st days of 
storage for total viable count.

Microbiological analysis

Sampling of fi sh skin during processing

Skin of both, control and experimental, fi sh 
groups was sampled after the fi sh cleaning, evis-
ceration, and cooling. Skin of the experimental fi sh 
was also sampled after thawing. From each group of 
samples, at each sampling point, a total of ten fi sh 
were sampled. Skin sample of 25 cm2 was excised 
from the location behind gills of each fi sh, kept at 
4°C, and analysed for the total viable count (TVC) 
of bacteria within 30 min.

Sampling of fi sh fi llets

From each group, at each sampling point, total 
of ten vacuum-packages of smoked trout fi llets were 
sampled 0, 7th, 14th and 21st days of storage. Each 
sample, comprising of 10 g of the product, was kept 
at 4°C and analysed for the total viable count (TVC) 
of bacteria within 30 min. Smoked trout fi llets from 
both groups were analysed at 7th, 14th and 21st days 
of the storage for total lactobacilli count.

Microbiological methods

Total viable count (TVC) of bacteria was de-
termined according to Roberts et al. (1995). Briefl y, 
each 10 g sample (skin or fi llet) was homogenized 
in stomacher bag with 90 ml of MRD (Maximum 
Recovery Diluent, Biolife, Italy) for 2 minutes, 
and then further decimal dilutions in MRD were 
prepared. From appropriate dilutions, volumes 
of 0.1 mL were surface plated on PCA agar plates 
(Plate Count Agar, Biolife, Italy), the plates were 
incubated for 72 h at 30°C, and subsequently log10 
CFU/cm2 or g of sample was calculated. Lactobacil-
li count was determined according to Cook (1991). 
Briefl y, samples were homogenized and decimally 
diluted in MRD in the same manner as described for 

TVC. Volumes of 0.1 mL were surface plated onto 
MRS plates (MRS Agar with Tween 80, Biolife, Ita-
ly), and each was subsequently overlaid with 10 ml 
of melted and cooled (to 45°C) PCA agar to obtain 
microaerophylic conditions for growth of lactoba-
cilli. The inoculated plates were incubated for 72 h 
at 30°C and subsequently log CFU/g of sample was 
calculated.

Physicochemical and chemical analysis

Chemical composition of samples was ana-
lysed at 0 day of storage according to standard meth-
ods. Moisture content was determined in 5 g of fi sh 
fi llet samples by oven-drying at 105 ± 1°C until a 
constant weight was obtained (Anon, 1998). Fat con-
tent was determined using Soxhlet method, by ex-
traction of fat by petrol ether from the dried sam-
ple, followed by distillation and drying of sample 
extract at 105 ± 1°C until constant weight was ob-
tained (Anon, 1992a). Protein content was deter-
mined using Kjeldalh method with apparatus “Teca-
tor” (Anon, 1992b). Ash content was determined by 
ashing the sample at 550°C until constant mass was 
obtained (Anon, 1999a). Total salt content was de-
termined using Volhard method (Anon, 1999b). Salt 
content in water phase (SWP) was calculated from 
the corresponding total salt and water contents, us-
ing the equation:

SWP= % salt * 100 / % salt + % water

Water activity (aw value) was calculated from 
the corresponding SWP value, using the equation 
(Gimenéz and Dalgaard, 2004):

aw = 1 – 0.0052471 × SWP – 0.00012206 × SWP2

Ethanol content was determined in smoked 
trout samples (at 0, 7th, 14th and 21st days of stor-
age) according to Beutler (1988), using standard en-
zyme kits based on alcohol dehydrogenase (Mega-
zyme Inter. Ireland Lim).

Sensory analysis

Smoked trout fi llets were subjected to the sen-
sory analysis (at 0, 7th, 14th and 21st days of stor-
age) by a panel of 14 trained evaluators. Selection of 
evaluators was performed according to ISO standard 
(Anon, 2002). Sensory evaluation was performed by 
quantitative descriptive analysis (Anon, 2001). The 
questionnaire included evaluation of 5 quality pa-
rameters. Each property was evaluated using a rat-
ing scale from 1 to 5. Marks 1 to 5 indicated lev-
el of property expression (sensation of smell and 
taste to smoke, salinity, and tenderness) as well as 
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acceptability of property (colour acceptability, total 
acceptability). The lowest expressed property, or the 
least acceptable property, was evaluated by 1 on a 
scale from 1 to 5, and the highest expressed proper-
ty, or the most acceptable property, was evaluated by 
5 on a scale from 1 to 5.

Statistical analysis

For each sample and each parameter tested, at 
least 6 separate values were obtained. The results 
were statistically analysed (mean value, standard de-
viation, standard error, coeffi cient of variation and 
confi dence interval for a variance), and statistical 
signifi cance calculated (t-test and analysis of var-
iance at 0.01 and 0.05) using Graphpad Prism 4.0 
statistical package.

Results and discussion

Total viable count of bacteria on fi sh skin

It is known that TVC on the fi sh skin just af-
ter the catch is highly variable, between 102 and 107 

(i.e. 2 and 3 log10) CFU/cm2 (Liston, 1980). In the 
present study, the initial TVC (i.e. after slaughtering) 
on the skin was 3-4 log10 CFU/cm2. Subsequently, 

TVC on the skin of the control fi sh group varied 
during manufacturing process from 3.53±0.98 log10 
CFU/cm2 to 1.64 ± 0.24 log10 CFU/cm2 (Figure 1.), 
and in the fi nal product it was signifi cantly low-
er (p < 0.01) than after slaughtering and eviscera-
tion. Similarly, TVC on the skin of the experimental 
group of fi sh varied from 3.79 ± 0.57 log10 CFU/cm2 

to 1.07 ± 0.40 log10 CFU/cm2, and was signifi cant-
ly lower (p < 0.01) in the fi nal product as compared 
with initial stages of the processing. It could be pre-
sumed that a part of the TVC reductions were due to 
the removal of bacteria from the skin by washing, 
normally applied after evisceration. Importance of 
washing of fi sh after the fi rst stage of fi sh processing 
was stressed by Kolodziejska et al. (2002), who ob-
served signifi cant TVC reduction after the washing.

During the later stages of the manufacturing 
process (i.e. after salting, smoking and cooling), 
TVC on the trout skin of the experimental group was 
signifi cantly lower compared to TVC on the trout 
skin of the control group. After the draining stage 
there was no statistical sign determined (p > 0.05). It 
is well known that low temperatures inhibit activity 
of microorganisms and enzymes, but also reduce the 
count of microorganisms. Decrease of TVC on the 
trout skin of both the control and experimental group 
during manufacturing process was predominantly 

Figure 1.  TVC on the skin of trout during manufacturing process (log CFU/cm2)
Note: Manufacturing phases – TVC on the fi sh skin 1– after slaughtering (control group only); 2 –after evisceration; 2*– after thawing; 

3 – after salting; 4 – after draining; 5 – after smoking; 6 – after cooling

Slika 1.  Ukupan broj bakterija na koži pastrmke u toku procesa proizvodnje
Napomena: faze u toku procesa proizvodnje – ukupan broj bakterija na površini ribe 1 – posle klanja (samo kontrolna grupa); 

2 – posle eviseracije; 2* – posle defrostracije; 3 – posle soljenja; 4 – posle ceđenja; 5 – posle dimljenja; 6 – posle hlađenja.
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due to the salt effect, both directly (its “toxicity”), 
(Goulas and Kontominas, 2005), and indirectly 
through decreasing of the water activity in fi sh meat 
(aw  value), which caused lowering of water content 
available to microorganisms. Initial decrease of aw 
value progressively inhibits bacterial growth, while 
further leading to growth cessation, however never 
to death of bacteria. Sodium chloride is dissolving in 
water and increases osmotic pressure. Ions also tend 
to bind with protein molecules. When there are no 
such bonds enzymes of microorganisms can effec-
tively express their proteolytic activity. Previous re-
ports indicated that, amongst processing-related fac-
tors, fi sh salting caused the largest decrease of TVC 
on fi sh skin (Kolodziejska et al., 2002). However, 
not all of the bacteria are equally affected by salt-
ing. Although TVC on the fi sh is lower after salting, 
some species can continue to grow even at higher 
salt concentrations (Skjervold et al., 2001). The re-
sults of the present study indicate that TVC on the 
skin of control group after salting (2.64 ± 0.14 log10 
CFU/cm2) was lower compared to TVC on the skin 
of experimental the group (2.99 ± 0.25 log10 CFU/
cm2) after salting. This phenomenon is likely to be 
due to pre-processing freezing of the experimen-
tal group, which probably enhanced the salt pene-
tration into the fi sh tissues. Previous studies (Car-
dinal et al., 2001; Deng, 1977) demonstrated that 
salt penetrates better into fi sh previously frozen, and 
this is due to freezing-alterations of the tissue cell 
structure (Sigurgisladottir et al., 2000). After smok-
ing, further decrease of the bacterial counts was ob-
served (Figure 1), probably due to antimicrobial ef-
fects of the smoke. This explanation is supported 
by published data (Kolodziejska et al., 2002) indi-
cating that smoking signifi cantly reduces TVC on 
fi sh skin. In this study, TVC after smoking stage was 
2.12 ± 0.52 log10 CFU/cm2 (control) and 0.98 ± 0.23 
log10 CFU/cm2 (experimental). Comparably slightly 
higher TVCs (up to 3 log10 CFU/cm2) on fi sh skin 

after smoking were reported in other studies (Hans-
en et al., 1995; Hansen et al., 1996; Hansen et al., 
1998; Leroi et al., 1998; Dondero et al., 2004). On 
the other hand, it should be noted that post-smoking 
TVC in the experimental group was lower than post-
smoking TVC in the control group (Fig. 1). This is 
likely to be the consequence of pre-processing freez-
ing of the fi sh from the experimental group, which 
altered the tissue cell structure (Sigurgisladottir et 
al., 2000) enabling better penetration of the antimi-
crobial smoke components.

Chemical composition of the processed and 
fi nished smoked trout fi llets

Salt content in the experimental fi llets was sig-
nifi cantly higher than in the control fi llets (Table 1). 
Similar differences in the salt content between salted 
fi sh that was fresh or frozen before salting were re-
ported previously (Sigurgisladottir et al. 2000, Car-
dinal et al. 2001). These observations were probably 
due to better salt penetration into freezing-altered 
fi sh tissues. Similarly, SWP of the vacuum pack-
aged fi llets from the control group (4.58 ± 1.42%) 
was signifi cantly lower (p < 0.01) then the SWP of 
the vacuum packaged fi llets from the experimental 
group (5.93 ± 0.61%). Hansen et al. (1995) showed 
that increased SWP increases the shelf-life of vac-
uum packaged fi sh products. Calculated aw value 
in control fi llets was 0.98, whilst 0.97 in the exper-
imental fi llets. aw values in both groups, being not 
lower than 0.97, were insuffi cient to inhibit growth 
of microorganisms (Kolodziejska et al. 2002).

General microfl ora of the smoked trout fi llets

Shelf-life of vacuum packaged smoked prod-
ucts depends on a number of factors, includ-
ing initial contamination, manufacturing condi-
tions, antimicrobial factors acting in the product, 

Table 1.  Chemical composition of the control and the experimental smoked trout fi lle
Tabela 1.  Hemijski sastav kontrolnih i eksperimentalnih uzoraka fi leta dimljene pastrmke

content of (%)/sadržaj (%) value of/vrednost

group/grupa proteins/
belančevine

lipids/
lipidi salt/so moisture/

vlaga
ash/

pepeo SWP aw value/

aw vrednost

control/kontrolna 21.08x ± 1.03 2.08a ± 0.46 3.25x ± 1.01 71.00a ± 2.43 4.38x ± 0.92 4.36x ± 1.29 0.98

experimental/
ekspeimentalna 19.00y ± 1.01 1.98b ± 0.65 4.27y ± 0.35 72.24b ± 1.93 5.23y ± 0.36 5.59y ± 0.54 0.97

Note: Students’ t-test – Means with different letter superscripts in the column are signifi cantly different (a, b – p < 0.05; x, y – p < 0.01)/
Napomena: Studentov t-test – srednje vrednosti u koloni, koje su označene različitim slovima u eksperimentu, su signifi kantno različi-
te (a, b – p < 0,05; x, y – p < 0,01)
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post-manufacturing handling and storage conditions 
(Hansen et al., 1995; Hansen et al., 1996; Leroi et 
al., 1998; Kolodziejska et al., 2002; Dondero et al., 
2004).

Total viable count of bacteria in both the con-
trol and the experimental group, TVC in vacuum 
packaged trout fi llets stored at 4 °C increased be-
tween 0 and 14th day, but subsequently signifi cant-
ly decreased to the end of the 3-week storage (Fig. 
2). At the very beginning (“0” sampling time) of the 
storage, TVC in the experimental fi llets was lower 
than in the control fi llets, but later (at 14th and 21st 
days) TVC differences between the control and the 
experimental fi llets were statistically not signifi -
cant. Final TVCs (day 21) were approx. 2-2.5 log 
CFU/g in both groups, which could be considered 
as relatively low. Namely, numerous published data 
indicate that TVCs in vacuum packaged fi sh prod-
ucts often reach 107-108 CFU/g, e.g. Dondero et al. 
(2004) reported TVC as high as 106 CFU/g in vacu-
um packaged trout fi llets after 3 weeks of storage at 
4°C. Such a large difference in TVCs between dif-
ferent studies is probably caused by large differ-
ences in study conditions. It should be noted that in 
most EU countries related legislation does not lim-
it TVC in vacuum packaged smoked fi sh products, 

although French legislation states 106 log10 CFU/g as 
maximum permissible TVC in such products (Car-
dinal et al., 2004). The observed changes of TVC in 
smoked fi llets during storage were probably due to 
a number of interrelated factors, including microbial 
competition for nutrients and antagonism amongst 
the microfl ora that exists within any specifi c ecolog-
ical niche (Gram, 1993). Nevertheless, no chang-
es in TVC in vacuum packaged smoked trout were 
observed during 3-week storage in an earlier study 
(Kolodziejska et al., 2002), but the storage tempera-
ture (2°C) was lower than in the present study (4°C). 
On the other hand, Hansen et al. (1995) has reported 
comparably much higher TVC (108 CFU/g) in vac-
uum packaged smoked fi sh products stored for 21 
day, but at somewhat higher temperature (5°C) than 
in the present study. It should be noted that a number 
of published studies indicated that high TVC did not 
necessarily lead to spoilage of the product. For the 
vacuum packaged smoked fi sh products spoilage, 
much more relevant is the composition of the micro-
fl ora and the activity of the specifi c spoilage micro-
organisms than TVC (Hansen et al., 1995; Hansen 
et al., 1996; Hansen et al., 1998; Leroi et al., 1998; 
Lyhs et al., 1999; Gonzáles-Rodrígez et al., 2002; 

Figure 1.  TVC on the skin of trout during manufacturing process (log CFU/cm2)
Note: Manufacturing phases – TVC on the fi sh skin 1– after slaughtering (control group only); 2 –after evisceration; 2*– after thawing; 

3 – after salting; 4 – after draining; 5 – after smoking; 6 – after cooling

Slika 1.  Ukupan broj bakterija na koži pastrmke u toku procesa proizvodnje
Napomena: faze u toku procesa proizvodnje – ukupan broj bakterija na površini ribe 1 – posle klanja (samo kontrolna grupa); 

2 – posle eviseracije; 2* – posle defrostracije; 3 – posle soljenja; 4 – posle ceđenja; 5 – posle dimljenja; 6 – posle hlađenja.
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Cardinal et al., 2004; Dondero et al., 2004; Espe et 
al., 2004).

Lactobacilli count

Smoked trout fi llets from both groups were an-
alysed for total lactobacilli count at 7th, 14th and 21st 
days of the storage. The results indicated that lac-
tobacilli (LAB) counts in both control and experi-
mental vacuum packaged smoked trout fi llets signif-
icantly increased between 7th and 14th day of storage 
at the 4° C, and then decreased (Figure 3). LAB 
counts in the control fi llets were signifi cantly higher 
(p < 0.01) than in the experimental fi llets, at both 7th 
and 14th day, but LAB difference between the con-
trol and experimental fi llets on 21st day was not sig-
nifi cant (approx. between 2.5 and 3 log10 CFU/g). In 
other studies, numerous authors investigated LAB 
count in vacuum packaged cold-smoked products, 
and LAB counts varied between 103-108 CFU/g dur-
ing 21 day of storage at 4°C (Hansen et al., 1998; 
Leroi et al., 1998; Dondero et al., 2004). Lactobacil-
lus species are considered as the most prominent and 
the most important microorganisms for shelf-life of 
cold-smoked vacuum packaged fi sh products. Lac-
tobacilli can inhibit growth of other bacteria by pro-
ducing lactic acid and associated pH decrease and/or 
producing bacteriocins and/or competing for nutrient 
compounds, so their presence in vacuum packaged 

products can extend the shelf-life (Gram and Dal-
gaard, 2002). Among lactobacilli, dominant species 
in vacuum packaged smoked fi sh products are L. 
sakei, L. curvatus, L. homohiochii, L. plantarum, L. 
delbrueckii, L. casei, L. coryneformis, L. alimentari-
us (Gonzáles-Rodrígez et al., 2002). In addition, the 
second group of microorganisms most frequently 
isolated from vacuum packaged smoked fi sh prod-
ucts belong to Enterobacteriaceae: Proteus mirabi-
lis, Proteus vulgaris and Serratia liquefaciens. The 
third group of microorganism that can be found in 
vacuum packaged smoked fi sh products belong to 
micrococci, with coagulase-negative staphylococ-
ci being predominant. Frangos et al. (2010) have 
observed that Lactobacilli and Enterobacteriaceae 
were also found to be a signifi cant part of the mi-
crobial fl ora of trout fi llets, irrespective of packag-
ing and antimicrobial treatment. Leroi et al. (1998) 
have demonstrated that Gram-negative microfl ora 
is dominant during the fi rst two weeks of vacuum 
packaged smoked fi sh storage, but it is subsequent-
ly replaced by Gram-positive microorganisms, pre-
dominantly lactobacilli. Overall, the results of this 
study indicated that hygienically obtained frozen 
fi sh is suitable raw material for production of mi-
crobiologically high quality smoked trout product. 
In this study, in the product that was frozen before 
manufacturing, both TVC and LAB counts during 

Figure 2.  TVC in vacuum packaged smoked trout fi llets during storage at 4°C
Slika 2.  Ukupan broj bakterija u vakuum pakovanim dimljenim fi letima pastrmke u toku skladištenja na 4°C
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21-day chilled storage were lower than in the prod-
uct produced from fresh fi sh.

Lactobacilli count versus ethanol content in the 
smoked trout fi llets

Ethanol is a product of bacterial metabolism 
during anaerobic fermentation (glycolysis) and/or 
as a product of dezamination and decarboxylation 
of amino acids such as alanine (Huss, 1995). This 
suggests that ethanol could be used as an indicator 
of microbiological status of foodstuffs, as well as 
of their shelf-life. In the present study, the changes 
in ethanol content (Table 2) refl ected the changes 

in LAB counts (Fig. 3) at corresponding times of 
the storage at 4°C, in both the control and the ex-
perimental smoked fi shed fi llets. This could indi-
cate that ethanol content may be a useful indicator 
of the dynamics of LAB microfl ora in the product 
under given conditions. The association between 
ethanol content and LAB counts in vacuum pack-
aged cold-smoked fi sh products was also reported 
by Hansen et al. (1995). However, Gonzáles-Ro-
drígez et al. (2002) claim that no correlation ex-
ists between ethanol and LAB counts, on one 
hand, and sensory assessment of the product, on 
the  other.

Figure 3.  Lactobacilli (LAB) count in vacuum packaged trout fi llets during storage at 4°C
Slika 3.  Broj laktobacila (LAB) u vakuum pakovanim fi letima pastrmke u toku skladištenja na 4°C

Table 2.  Ethanol content (mg/kg; mean values) in vacuum packaged smoked trout fi llets stored at 4°C for 3 
weeks

Tabela 2.  Sadržaj etanola (mg/kg; srednje vrednosti) u vakuum pakovanim fi letima ribe pastrmke 
skladištenih na 4°C u toku tri nedelje

 group/grupa
Day of storage/dani skladištenja

0 7 14 21

control/kontrolna 3.91 4.84 6.32 4.74

experimental/eksperimentalna 4.5 5.61 7.65 5.6
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Sensory scoring of the smoked trout fi llets

Overall, mean scores of selected parameters of 
sensoriy properties of both control and experimental 
vacuum packaged smoked trout fi llets decreased over 
the 3-week storage period, and the fi nal scores were 
signifi cantly lower than the initial ones (Table 3). 
This was expected, and decrease of sensory quali-
ties of such products over their shelf life have been 
reported earlier (Goulas and Kontominas, 2005). In 
general, at any given evaluation time, no signifi cant 
differences in the total acceptability between the con-
trol and the experimental fi llets were observed. How-
ever, although non-signifi cant, somewhat higher to-
tal acceptability scores were noted with the control 
smoked fi llets produced from fresh (unfrozen) fi sh. 
Many consumers accentuate colour intensity as the 
main indicator of quality of smoked fi sh, as report-
ed for German and French consumers (Torrissen et 
al., 2000). In the present study, mean scores for the 
colour of control fi llets (days 0, 7, 14 and 21) were 
signifi cantly higher (p < 0.05 to p < 0.01) than those 
of the experimental fi llets Table 3). Similar results 
have been reported before (Cardinal et al., 2001), 
that smoked fi sh produced from pre-processing fro-
zen fi sh had less intense colour than in case when 
the fi sh was not frozen before processing. In con-
trast, some other authors (Leroi et al., 2001) have re-
ported no signifi cant colour variations in smoked fi sh 
(stored 3 weeks at 4 °C) attributable to pre-process-
ing fi sh freezing. It should be considered that some 
other factors could also affect the colour scoring of 
the smoked fi sh. For example, a positive correlation 
between fat content and colour intensity of smoked 
products has been reported (Røra et al., 1999). Mean 
scores for tenderness were signifi cantly higher in the 

control fi llets than in the experimental fi llets only at 
day 0 of the storage, but no signifi cant differences 
were observed on days 7, 14 and 21 (Table 3). It is 
likely that the initial difference in the tenderness was 
caused by the corresponding differences in the salt 
content in the products. Mollifying of fi sh is a con-
sequence of autolytic processes due to catepsin ac-
tivity, and increased salt content inhibits activity of 
catepsins, thus decreasing mollifying (Reddi et al., 
1972). On the other hand, some other authors (Cardi-
nal et al., 2001) have reported that smoked fi sh prod-
ucts obtained from frozen raw material were softer. 
Mean scores for salinity were signifi cantly higher 
(p < 0.01) in the experimental smoked fi llets than in 
the controls throughout the 3-week storage period at 
4°C (Table 3). The main reason for that was better 
penetration of salt in tissue cells altered by freezing, 
as indicated before. In some other studies, smoked 
fi sh products made from frozen fi sh also had more 
intense taste of salinity than the products made from 
fresh fi sh (Cardinal et al., 2001). The authors consid-
ered that freezing-altered tissue texture stimulated sa-
linity perception causing impression of the salt con-
tent being higher than actual.

Conclusions

As far as general microfl ora (TVC and LAB) 
is concerned, cold smoked, vacuum-packaged trout 
fi llets produced from pre-processing frozen fi sh had 
superior microbiological characteristics compared to 
those produced from pre-processing unfrozen fi sh. 
Freezing-alterations of the fi sh tissues enabled bet-
ter penetration of salt leading to higher salt-in-wa-
ter content and lower water activity which, in turn, 

Table 3.  Evaluation scores of selected sensory properties of smoked trout
Tabela 3.  Rezultati evaluacije odabranih organoleptičkih osobina dimljene pastrmke

Colour/Boja Tenderness/
Nežnost, Mekoća

Sensation of smell and taste to 
smoke/Osećaj mirisa i ukusa 

na dim
Salinity/Slanost Total acceptability/Ukupna

prihvatljivost

days of 
storage/dani
skladištenja

Control group/
kontrolna grupa

Experimental 
group/

eksperimentalna 
grupa

Control group/
kontrolna grupa

Experimental 
group/

eksperimentalna
grupa

Control group/
kontrolna grupa

Experimental 
group/

eksperimentalna
grupa

Control group/
kontrolna grupa

Experimental 
group/

eksperimentalna
grupa

Control group/
kontrolna

grupa

Experimental 
group/

eksperimentalna
grupa

0 4.36a ± 0.40 4.04b ± 0.29 4.23a ± 0.42 4.61b ± 0.49 4.49 ± 0.47 4.43 ± 0.35 4.00x ± 0.29 4.86y ± 0.38 4.57 ± 0.48 4.27 ± 0.40

7 4.23x ± 0.25 4.46y ± 0.11 4.39 ± 0.42 4.61 ± 0.35 4.68 ± 0.32 4.36 ± 0.50 3.93x ± 0.19 4.71y ± 0.49 4.50 ± 0.48 4.32 ± 0.42

14 4.43x ± 0.18 4.19y ± 0.23 4.37 ± 0.40 4.14 ± 0.29 4.36 ± 0.23 4.21 ± 0.26 4.07x ± 0.19 4.43y ± 0.19 4.29x ± 0.24 3.99y ± 0.31

21 4.04a ± 0.24 3.62b ± 0.55 4.02 ± 0.26 3.80 ± 0.49 4.01 ± 0.26 3.82 ± 0.26 3.61x ± 0.20 4.21y ± 0.27 4.01 ± 0.25 3.77 ± 0.31

Note: Students’ t-test – Means with different superscript between control and experimental group are signifi cantly different 
(a, b – p < 0.05; x, y – p < 0.01)/Napomena: Studentov t-test – srednje vrednosti koje su označene različitim slovima, između kolona i 
eksperimantalnih grupa, su signifi kanto različite (a, b – p < 0,05; x, y – p < 0,01)
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contributed to the extended shelf life of the prod-
uct. At the same time, pre-processing freezing had 
no signifi cant detrimental effect on the total sensory 
acceptability of the smoked vacuum-packaged trout 
fi llets, neither initially or after 3-week cold-storage. 

Overall, the results of the present study demonstrat-
ed that pre-processing freezing of trout is suitable 
and, in times of large catches, even recommendable 
step in smoked trout production, at least for small-
er processors.
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Uticaj prethodne obrade pastrmke zamrzavanjem na 
karakteristike fi leta dimljene pastrmke

Pavlićević Nataša, Đorđević Vesna, Dimitrijević Mirjana , Karabasil Neđeljko, Baltić Ž. Milan, 
Bošković Marija, Petrović Jelena

S a ž e t a k: U situaciji kada su kapaciteti za proizvodnju i dalji tretman dimljene ribe nedovoljni potrebno je da se sveža riba 
tokom sezone izlova zamrzne i da se preradi kasnije, kada se sezona završi. To je bio razlog zašto je za cilj naših istraživanja postavlje-
no da se ispitaju efekti zamrzavanja na određene parametre kvaliteta dimljene ribe. Za eksperiment, pastrmke su bile podeljene u dve 
grupe: kontrolna grupa, koju je sačinjavala sveža riba i eksperimentalna grupa, koju je sačinjavala smrznuta riba. Tokom procesa pro-
izvodnje ispitan je ukupan broj bakterija, a na kraju procesa, u konačnom proizvodu (vakuum-pakovana hladno dimljena pastrmka), 
određeni su hemijski parametri. U toku skladištenja proizvoda na +4°C tokom 21 dan, u redovnim intervalima su izvršena mikrobiološ-
ka, fi zičko-hemijska i senzorna ispitivanja. Generalno, rezultati ovih istraživanja su pokazali da je prethodna obrada pastrmke zamrza-
vanjem pogodna i, u vreme velikih izlova, čak i preporučljiv korak u proizvodnji dimljene pastrmke, bar što se tiče manjih proizvođača.

Ključne reči: hladno dimljenje, skladištenje, kvalitet.
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