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ABSTRACT

The objective of this study was to make a compaimiween the characteristics of salmoned troutniSaruta)
and salmon (Salmo salgin terms of coloration (CIE L*a*b*), proximate ogposition, pH and sensory attributes of
fresh and smoked fillets in order to obtain a pokesialternative for the substitution of importedinsan for
Brazilian salmoned trout as a commercial equivaliEemtretail sales. Results showed that no statstiifference
was found for most of the sensory attributes amayend for pH. Although the coloration of the fdlgresented a
statistical difference, the trout presented a morense coloration than the salmon, proving to thesrefore,
convenient to agroindustry.
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INTRODUCTION methods, especially in the fishing industry, and
works by the action of chemical products in the
The importance of fish is based on its contents oheat, especially phenols and aldehydes, which
high-biological-value proteins, high digestibility, prevent lipid oxidation and, together with organic
vitamins, especially A and D, and on the quality ofcids, are the main preventers of microbial
its lipid fraction, rich in unsaturated fatty acids anddevelopment. Only 2% of the world production is
low cholesterol contents (Sanches, 1989). Thesed with this objective (Burt, 1988; Ferreira,
typical reddish coloration of the Atlantic Salmon1987; Nunes, 1999). In agroindustry, smoking is
meat is mainly due to presence of astaxantingot only a conservation method, but also a flavor-,
(3,3-dihydroxy  B,p-carotene-4,4'-diene), and aroma- and coloration-improving method, which
canthaxanthine p(B-carotene-4,4'-diene), which are attributes seeked by consumers (Ferreira,
are carotenoids that are commonly used in th&987). The shelf life of smoked fish products
muscle pigmentation of salmons (Bjerkeng, 2000)depends on the process adopted. If hot smoked,
For the fishing industry to be sustainablydepending on the kind of packing and storage
developed, the resources have to be as widely ustgmperature, an average shelf life of 7 days is
as possible and not only traded as capture@chieved. The quality indicators of smoked fish
Processing will certainly provide a higherare shiny, no-salt surface, uniform and golden
production, less wasting, and, as smoking does neeloration and consistent texture. The degree of
require specialized labor, a low production costhanges in texture will depend on some variables,
(Andrade and Oliveira, 2000). especially the dehydration level occurred during
Smoking process is one of the oldest conservatidiie smoking process and the salt (Nunes, 1999).
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Cold smoked Atlantic salmon is a gastronomicd5°C for 30 minutes. At the end of the pre-drying
specialty in several countries, especially theperation, the fillets were kept on the same racks
United States, where fish smoking has long beenand put in the brick smoker.
tradition (Sigurgisladottir et al., 2001). The Smoking of the fishes was carried out for 6h. The
process includes salting and drying and théemperature inside the fillets was approximately
products typically have about 2 to 3.9% sal60°C; the maximum temperature in the smoking
(Huang et al.,, 2002). Salt may be added bghamber was 100°C. The smoke was produced by
injection, dry salting or brining, being the two lastthe burning of sawdust from several kinds of wood
processes most widely adopted by industnand the heat source used was vegetal coal
(Mgrkare et al., 2001; Espe et al., 2001). Smokingurchased from local shops. After smoking, the
can be performed by hot, cold and electrostatiproduct was packed in polyethylene trays and
methods (Nunes, 1999). Both hot and coldovered by PVC films with a sealing machine and
smoking are low cost processes, whose onlgonserved at 1+1°C for 7 days.
difference is the temperature in the smoking
chamber, which is over 55°C in cold smokingPhysical-chemical analyses
(Oetterer, 1999). Physical-chemical analyses of both the fresh fillets
Adding value to acquacultural products has beenand the smoked fillets were carried out in
frequent concern for fish producers which wadriplicates, in accordance with the AOAC, 1995.
started by trout producers, who smoke trouts as dvioisture was determined by a FANEM oven at
essential practice to sell these products td05°C + 1°C with the plates being weighed until
restaurants, where the European tradition of usingonstant weight was reached. The ash content was
smoked salmon as a fine entrée is followedietermined by the incineration of the organic
(Oetterer, 1994). matter in flame, with posterior calcination in a
The objective of this work was to use smokingmuffle at 550°C.
technique as a way of adding value to salmonet@he lipid content was determined by extraction
trout in order to find a possible alternative to thewith hexane, by Soxhlet's method and pH was
replacement of salmon by trout as a commercialetermined through a triturated sample at the ratio
alternative to retail sales, presenting it toof 1:1 (distiled water:fillet) and subsequent
consumers as a differentiated product angeading in a Digimed digital potentiometer. The
justifying it by the high prices of imported fished protein content was obtained through the
smoked salmon and by the fact that troutletermination of total nitrogen by Kjeldahl's
production is one of the most organized andnethod, and protein conversion, multiplying the
developed sectors of national acquaculture. obtained value by factor 6.25 (AOAC, 1995). The
color values determination was performed by a
Minolta CR300 colorimeter (Osaka, Japan), which
MATERIALS AND METHODS obtained the reading of parameters:’ L
(luminosity), a* (intensity of color red) and b
Frozen salmon Salmo salay fillets (700g) and (intensity of color yellow) (Hunt, 1977).
salmoned troutsSalmo truta (400g each) were
purchased in Piracicaba, SP, Brazil, and stored atSensory analysis
18°C in the stores (frozen at -25°C in industry)The sensory analysis was carried out in accordance
The fishes were hot smoked in a brick smoker awith Post et al. (1991). A hedonic 9-point scale

described by Oetterer (1999). was used and the following attributes were used:
aroma, color, flavor and appearance. Sixteen
Smoking Process panelists were recruited who, despite of being

The fillets were defrosted for 24h at 1+1°C, anduntrained, were habitual smoked fish eaters and
then submitted to the finishing process. After thatiepresented possible consumers of the product.
they were immersed in a NaCl 25% (w/v) solutionThe samples were presented in coded containers
at a ratio of 1:2, fish and brine, respectively, for aovered in PVC film

period of 30 minutes. After brining, the fishes

were rinsed in running water in order to removeStatistical Analysis

salt, drained and then placed on elevated racks aftie results were submitted to variance analysis
put into the drier with forced air circulation atthrough the SANEST program (Zonta et al., 1986).
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The averages were compared by Tukey's tesvalues (6.46), which were slightly above the ones
adopting the significance level of 5%. found in this research.

Table 1 shows the values of L*, a* and b* for the

smoked trout and salmon. There was a significant
RESULTS AND DISCUSSION difference between the two species for all the

observed parameters. Although the fresh salmon
The pH values found for fresh and smoked troupresented a stronger orangish hue when compared
were 6.26 and 6.45, respectively. The averag® the trout, after the smoking the situation was
values found for fresh and smoked salmon wer#versed, trout presented a more intense coloration
6.23 and 6.38, respectively. The Industrial andvhen compared to the salmon. Previous studies
Sanitary Inspection Regulations for Animalwith smoked salmon showed that the coloration
Products RIISPOA (BRASIL, 2001) sets 6.5 as thavas directly related to pigments received in their
maximum pH value for the internal part of freshdiet (Sheehan et al., 1998), with the lipid content
fish and the values found in this study were withirin the fish (Rora et al., 1998) and the parameters
the established limits. applied during smoking (Cardinal et al., 2001).
In studies carried out by Hultmann et al. (2003), &valuation ~and correlating the  sensory
pH of 6.4 was found for frestrout fillets, which ~ characteristics of smoked salmon purchased in
was similar to the present results. Buguefio et aEuropean markets with the physical-chemical and
(2003) analyzed the physical-chemical alterationglicrobiological parameters, Cardinal et al. (2004),
of salmon fillets stored under vacuum andfound values between 45.4 to 61.8, 13.4*to 34.2,
modified atmosphere and obtained the initiarnd 16.9 to 33.7, respectively for parametersal
values of 6.16 for the smoked fillets. Gonzalezand b. These results were similar to the ones
Fandos et al. (2004) studied the quality of troutound in this work.
fillets and obtained the nearly neutral initial pH

Table 1- Coloration (L*, a*, b*) of smoked trout and saimfillets*.

Parameter** Smoked salmoned trout Smoked salmon
L 69.742.72 a 47.3+258b
a 26.7+1.36 a 11.5+0.44 b
b 30.2+3.16 a 18.8+2.69 b

(*) average of 3 repetitions
(**) averages followed by distinct letters differ at the Sgmificance level

Table 2 - Humidity, protein, lipids and ash for fresh ttr@nd salmorfaverages*)

Variables ** (g/100g) Treatments
Trout | Salmon
Moisture 69.31+0.77 A 68.01+0.26 A
Proteins 18.12+0.37 A 17.48+0.27 B
Lipids 10.43+0.11 B 11.48+0.26 A
Ash 0.88+0.19 B 1.08+£0.09 A

(*) average of 3 repetitions
(**) averages followed by distinct letters differ at the Significance level

Studies with smoked salmon had a significantn studies on the stability of astaxantine and
reduction in the color parameters (L*, a* and b*)canthaxanthine in fresh and smoked salmon during
when compared to fresh fillets. The values fofrozen-storage, the values found for & and b at

smoked salmon were 41.0, 9.5 and 8.4, ford.  the beginning of the storage period were 36.3, 6.73
and b, respectively, which were slightly lower e 8.97, respectively for smoked fillets of salmon
than the ones found in the present work for théed with astaxantine, which were lower than the
same species (Rora et al., 1998). ones found in this study (Sheehan et al., 1998).
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Table 2 presents the moisture, protein, lipids angrotein and lipids, respectively, which were close
ash values for the fresh trout and salmon filletsto the ones found in the present study. In studies
which showed that a significant 5% difference wasvith salmon, Gonzalez-Fandos et al. (2004)
not achieved only for humidity, with 68.01 andobtained values of 6.55g/100g for the lipid
69.31 for salmon and trout, respectively. fraction, and 16.04g/100g for the protein fraction.
Lipids and ash values were significantly higher inThese values were lower than the ones found in
salmon than in salmoned trout, whereas the protethis work.

levels were significantly higher in trouts than inResults expressed in Table 3 showed that the
salmon; These results are in accordance withalues of moisture for smoked trout were
Frank (1992). significantly higher than in the salmon submitted
In studies with salt diffusion in pre-rigor salmonto the same treatment. For protein fraction, no
fillets, for smoking, Rora et al. (2003) obtained thesignificant difference was found for the treatments,
values of 63.5, 19.01 and 14.1% for moistureand the values.

Table 3 - Moisture, protein, lipids and ash for trout eamdoked salmon (averages*)

' . Treatments

Variables* (g/100g) Trout | Saimon
Moisture 64,83+0,31 A 63,65+0,12 B
Proteins 22,08+ 1,33A 20,62+ 2,20A
Lipids 10,21+ 0,04 B 12,11+ 0,25A
Ash 1,83£0,03 B 2,45x£0,23 A

(*) average of 3 repetitions
(**) averages followed by distinct letters differ at the Sgm#icance level

Smoked and fresh trout presented significanthgsmoking was the adopted process, lipid and ash
lower values than that of the salmon for asltontents were higher.

(Tables 2 and 3), which presented initially lowerAs the comparison of the results of tables 2 and 3
ash content for this fish. The studied fish specieshowed in smoking, exudation cause the loss of
presented greater ash content for the smokdibids and moisture with a consequent relative
product than for the fresh produdhis was due to increase in the protein fraction. This was also
loss of humidity during the smoking process, a®bserved for the smoked trouts, which presented
well as were to the salt incorporated in the briningn estimated 20% increase of protein when
process in the ash fraction. Rasmussen et alompared to fresh trout. Cardinal et al. (2004)
(2001) in a study with salmoned trout, foundevaluated and correlated the  sensory
values of 72 and 19.4% of moisture and protein focharacteristics of smoked salmon obtained in
the fresh matter, which were in accordance witlEuropean markets to physical-chemical and
the contents found in this (69.31 and 18.12%microbiological parameters and achieved values of
respectively). Leroi et al. (1998) found 57% ofmoisture (62.99/100g) and lipids (10.49/100g)
moisture, 16% of lipids, 4.6% of ash in cold-which were very close to the ones found in this
smoked salmon. It was observed that when coldwork.

Table 4 - Average values(*) of variables aroma, flavodpec@nd general for smoked trout e salmon.

Variables (**)
Treat.
Aroma | Flavor | Color General
Trout 531b 6.50 a 781 a 6.75a
Salmon 8.00 a 7.37 a 6.87 a 6.69 a

(*) average of 16 panelists
(**) averages followed by distinct letters differ at the S¢n#ficance level
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