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ABSTRACT - The purpose of this study was to evaluate the physicochemical and microbiological stability of sausages
produced from mechanically separated fish meat (MSM) obtained from Nile tilapia filleting residues. Different heat treatments
(pasteurization or smoking) and packaging systems (conventional or vacuum) were used. The sausages were characterized for

chemical composition, weight loss, water activity, instrumental texture and sensorial analysis. Additionally, microbiological
analysis, instrumental color, pH, thiobarbituric acid reactive substances (TBARS) and total volatile base nitrogen (TVB-N)
were assessed during storage. No presence of Escherichia coli, Salmonella sp. or coagulase-positive Staphylococcus was

detected; however, the psychrotrophic count in pasteurized sausages exceeded the limits allowed for consumption. pH and

lipid oxidation speed (TBARS) values were reduced when vacuum packaging was used. Volatile nitrogenous bases remained

virtually constant during the storage period, and higher values were observed in smoked products. Pasteurized sausages remain

stable for 10 and 15 days in conventional and vacuum packages, respectively, and smoked sausages remain stable for 25 and

45 days in conventional and vacuum packages, respectively.
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Introduction

Aquaculture has been considered as the future source
of high quality proteins, due to its increased growth as a
productive activity and opportunity for income generation.
Therefore, the study of species must be prioritized for
improved animal performance and enhanced technologies,
which contribute to the development of the fish processing
industry (Bombardelli et al., 2005; Silva et al., 2009).

The national aquaculture is essentially based on the
production chain of tilapia and marine shrimp (Scorvo
Filho et al., 2010). One reason for Nile tilapia (Oreochromis
niloticus) cultivation is the high appreciation of consumers
for its meat, which is white, presenting a delicate flavor
and absence of spines, in a “Y” shape (Kubitza, 2000).
However, the processing of tilapia for the production of
fillets generates a high amount of residues (viscera, head,
skin, scales, carcass with attached meat, trimmings) that
varies from 65 to 70% of the total processed volume.
Nevertheless, resulting carcasses can be processed to
originate mechanically separated fish meat (MSM), which,
after a sequence of washes, can be used for the production
of surimi or directly utilized as an ingredient of processed
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products (Kubitza & Campos, 2006; Neiva, 2006; Biscalchin-
Grischek et al., 2003).

Other studies have used MSM originating from whole,
eviscerated tilapia or carcass in the production of goods
like sausages (Oliveira Filho et al., 2010b; Oliveira Filho
et al., 2012), nuggets (Kirschnik et al., 2007) mortadella
(Moreira et al., 2008), fishburgers (Marengoni et al., 2009;
Sary et al., 2009; Mello et al., 2012; Fogaca et al., 2013),
paté (Minozzo et al., 2008) and croquette (Bordignon et al.,
2010).

Embedded goods are industrialized products of animal
origin in high consumer demand. Following the trends of
red-meat and poultry processing industries, known to make
excellent use of raw materials by transforming them in a
variety of products, the Brazilian fish industry must innovate
and invest in the development of products that increase
fish consumption in the country and reduce the amount of
residues (Moreira et al., 2008; Parmigiani, 2010).

The purpose of this study was to elaborate sausages
from MSM obtained from tilapia carcasses using two types
of thermal processing - pasteurization and smoking -, and to
evaluate their physicochemical and sensorial characteristics
as well as oxidative, colorimetric and microbiological
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stability during storage at 5 °C when two packaging
systems, conventional and vacuum, were used.

Material and Methods

One hundred kilograms (100 kg) of Nile tilapia
carcasses (Oreochromis niloticus) were provided by
COPISCES (Cooperativa Agroindustrial de Piscicultura
Pisces), a Fish Agricultural Cooperative, located in Toledo-
PR, Brazil, in April 2010. In the processing unit, the tilapias
were eviscerated, beheaded and filleted, and the carcasses
resulting from this process were washed with chlorinated
water. The extraction of MSM was performed with a HT-500
pulper machine (High Tech®). Afterwards, 0.1% sodium
erythorbate and 0.5% sodium tripolyphosphate were added
to the MSM, which was then homogenized. The MSM
(13 kg) was packaged in polyethylene bags in portions of
around 500 g, frozen and transported to the Aquaculture
Research Laboratory at PUCPR, where it was stored at —18 °C
until further use (after approximately 20 days).

The ingredients used in the sausage formulations were:
tilapia fillets and MSM, fresh pork fat (Frigorifico Juliatto),
salt (Diana®), sugar (Unidao®), textured soy protein (Mais
Vita®), monosodium glutamate (Ajinomoto®), cassava starch
(Zaeli®), dehydrated onion (Kitano®), dehydrated garlic
(Kitano®), white and black pepper (Kitano®) and dehydrated
parsley (Kitano®). Subsequently, the sausages were
subjected to different thermal treatments: pasteurization by
steam cooking (treatment 1) and hot smoking (treatment 2).
Treatment 1 was performed with 9 kg of sausages (average
weight of 70 g each sausage), steam-pasteurized at 70 °C
for 30 minutes, followed by further baking at 85 °C for 40
minutes in an oven (Incomaf®™). Treatment 2 was performed
with 9 kg of sausages (average weight of 70 g each sausage)
pre-dried in an oven (Nova Etica®) at 50 °C for 40 minutes
(with air circulation) and hot-smoked in a small smoker
(Poly-Térmica®). The distance between the samples and
the sawdust was 1 meter, and the smoking process lasted 3
hours, at an average temperature of 100 °C. In both thermal
treatments, the inner temperature of the sausages exceeded
72 °C, for at least 15 seconds.

The smoke aroma powder (Duas Rodas®) was added
only in the formulation of sausages that were subjected to
the cooking process (Table 1).

The raw materials (MSM and tilapia fillets) were
thawed for 24 hours at 7 °C. The fillets were minced in
an electric grinder (Bermar® BM02). The MSM, the fillet
and the remaining ingredients were weighed and manually
homogenized in a plastic tray for 10 minutes. Subsequently,
the dough was embedded with a manual stuffer (EJ8, Jamar®)

in natural sheep casings previously treated with 4% acetic
acid solution for 20 minutes. The final product was manually
tied with cotton thread at every 15 cm.

After thermal treatments and subsequent cooling, the
pasteurized and smoked sausages were either vacuum- or
conventionally packaged in portions of 100 g. Vacuum-
packaging was performed in polyethylene bags with
an EVOH barrier layer (high barrier) using the packing
machine Selovac® 200B. Conventional packaging was
performed in polystyrene trays wrapped with a clear plastic
film (polyvinyl chloride (PVC) film). Pasteurized and
smoked sausages, conventionally and vacuum-packaged,
were stored at 5 °C in a B.O.D. incubator (ACB Labor®)
for a pre-determined period of time for each treatment. The
product characterization after production (time 0) included
physicochemical and sensorial analyses.

Centesimal composition analysis (moisture, protein,
lipids, ashes and carbohydrates) of raw material and
products (sausages) was performed according to analytical
methods described by the Association of Official Analytical
Chemistry (AOAC,2002). Moisture, through the gravimetric
method, at 105 °C; protein, through the Micro Kjeldahl
method; lipids, through the Soxhlet extraction method;
ash, through the incineration method, in a muffle furnace
at 550 °C; and carbohydrates, calculated by difference to
100%. pH was measured using the pH meter HOMIS®, with
an insertion electrode (model SC18) positioned inside the
sausages (AOAC, 2002). Weight loss during storage was
obtained as the difference (%) between the final weight
(after storage period) and the initial weight (time 0) (AOAC,
2002). The lipid oxidation analysis was performed through
the thiobarbituric acid reactive substances (TBARS) method,
according to Vyncke (1970), and total volatile base nitrogen
(TVB-N) was analyzed as reported by Howgate (1976), in

Table 1 - Formulation of sausages made from MSM of Nile tilapia
filleting residue

Treatment 1 Treatment 2

Ingredients
Amount (%) Amount (%)

Mechanically separated fish meat 64.08 64.45
Fillet 22.52 22.65
Pork fat 5.00 5.00
Salt 1.60 1.60
Sugar 0.30 0.30
Textured soy protein 2.00 2.00
Monosodium glutamate 0.50 0.50
Cassava starch 3.00 3.00
Dehydrated onion 0.16 0.16
Dehydrated garlic 0.16 0.16
White and black pepper 0.09 0.09
Dehydrated parsley 0.09 0.09
Smoke aroma powder 0.50 -

MSM - mechanically separated fish meat.
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a method that determines the concentration of ammonia,
trimethylamine and dimethylamine.

Sausages weresensory-evaluated throughtheacceptance
test for the attributes color, aroma, flavor, texture and general
acceptance, using the Nine Point Hedonic Scale. Tests of
purchase and consumption intention were also performed.
Sensorial tests were completed by 52 non-trained panelists
using the method described by Dutcosky (2011). In order
to evaluate weight loss, sausages were weighed before and
after the thermal process to which they were subjected, thus
obtaining the initial and final weight values, as well as the
percentage of weight loss. Water activity was determined
with the equipment Aqualab® CX-2 (Decagon Devices®)
at 20 °C. Sausage instrumental hardness analysis was
performed with a texturometer (TA-XT2i, Stable Micro
System®) previously calibrated with a standard weight of
5 kg. Samples were cut in slices of 1.5 cm (15 mm) and
compressed by an aluminum cylindrical probe (P/36 R).
The pre-test speed was 2.0 mm/s; the test speed, 1.0 mm/s,
and the post-test speed, 2.0 mm/s, and the distance from the
platform was 5.0 mm, in accordance with Bourne (2002).

Product physicochemical and microbiological stability
analysis was performed in samples collected at 0, 5, 10,
15, 20, 25, 30, 35, 40 and 45 days of storage. Instrumental
color was determined with the use of a portable colorimeter
(Chroma Meter CR-410, Konica Minolta®) operating
with light source C and using the color space: L*
(luminosity), a* (red - green intensity) and b* (yellow - blue
intensity), according to CIE (1986). The microbiological
development was evaluated through the total count of
psychotropic aerobic microorganisms and coagulase-positive
Staphylococcus by the spread plate method; detection of
Salmonella sp., and Escherichia coli count, by the Petrifilm®
method (Brasil, 2003).

The study was conducted in a completely randomized
design with four treatments (smoked sausages in conventional
packaging, pasteurized sausages in conventional packaging,
smoked sausages in vacuum packaging and pasteurized
sausages in vacuum packaging) and three replicates, in
a total of 4.5 kg each treatment. Data were analyzed by

ANOVA and means were compared by the Tukey test at a
5% probability level, during storage and among treatments
until day 25. From day 30 to the end of the storage
time, only vacuum-packaged sausages were evaluated.
A completely randomized design with two treatments
(smoked and pasteurized vacuum-packaged sausages) and
three replicates was used, and means were compared by the
ttest at a 5% probability level. All analyses were performed
using the statistical software Graph Pad Prism, version 3.0,
for Windows.

Results and Discussion

The centesimal composition demonstrated that the
values obtained from lipids in this study were higher when
compared with those found by other authors (Table 2). Oliveira
Filho et al. (2010b) verified the presence of 78.85%
moisture, 18.74% protein, 1.28% lipids and 1.05% ash for
tilapia fillets and 75.47% moisture, 12.76% protein, 10.54%
lipids and 1.14% ash for MSM from tilapia carcasses.
Averages of 79.83% moisture, 15.13% protein, 2.91%
lipids and 1.35% ash were found by Kirschnik & Macedo-
Viegas (2009) for MSM from tilapia carcasses. According
to Ogawa & Maia (1999), the lipid composition of fish
and its products depends on the species, age, gender, size
and processing method, among other factors.

Smoked sausages presented the lowest percentage
of moisture due to water loss resulting from the smoking
process; high protein and lipid contents were found due to
the inverse relationship between moisture and lipid content
as well as moisture and protein (Ogawa & Maia, 1999;
Minozzo et al., 2004; Minozzo et al., 2008). There was no
difference in the protein, lipid and ash contents (P>0.05)
between treatments (pasteurized and smoked sausages).

The addition of condiments, mainly salt, was responsible
for a significant increase (P<0.05) in the ash content in
sausages compared with raw materials, corroborating
results observed by Souza et al. (2004). Other ingredients,
such as starch, accounted for an increase in the carbohydrate
content.

Table 2 - Centesimal composition of MSM, tilapia fillet, raw sausage, and smoked and pasteurized sausages made with MSM from tilapia

filleting residues (%)

Sample Moisture Protein Lipids Ash Carbohydrates
Mechanically separated fish meat 71.00 £0.5 11.96+0.5(41.24b) 15.37+0.3(53.00a) 1.22+0.1(4.21¢) 0.45£1.0(1.55)
Tilapia fillet 78.80+0.1 16.30+0.2(76.88a) 3.26+0.2(15.38d) 0.96+0.01(4.53c¢) 0.68+0.2(3.21)
Raw sausage 64.98+1.3 13.7340.3(39.21c) 14.87 +£0.4(42.46b) 2.91+0.1(8.31b) 3.51£1.5(10.02)
Pasteurized sausage 61.18+1.2 16.45+0.2(42.37b) 14.38 +£0.4(37.05¢) 3.44+0.04(8.86a) 4.55+0.6(11.72)
Smoked sausage 54.26+0.4 19.30+0.3(42.19b) 17.74 +£0.5(38.78bc) 3.97+0.1(8.69a) 4.73+0.8(10.34)

Values between parentheses were calculated on a dry basis (%).

All means from the same parameters located in the same columns, followed by lowercase letters, differ significantly according to the Tukey test (P<0.05).

MSM - mechanically separated fish meat.
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The sensory analysis of smoked and pasteurized
sausages revealed significant differences (P<0.05) on
attributes such as color and aroma. Smoked sausages
were better accepted, averaging 7.3 for color and 7.5 for
aroma, while pasteurized sausages averaged 6.3 and 6.9,
respectively (Figure 1).

When grouped, the averages of attributes added up 7.5
for smoked sausage and 7.1 for pasteurized sausage. Thus,
no significant difference (P>0.05) between either treatments
regarding flavor, texture and global acceptance was found
at a 5% level. Both values remained between points 7 and
8 of the Nine Point Hedonic Scale, corresponding to “like
moderately” and “like very much”, respectively. These
results showed that both products were well accepted by
panelists, although a higher appreciation for color and
aroma of smoked samples was observed, probably due to
an enhancement of these attributes caused by the smoking
process.

Moreira et al. (2008) obtained low acceptance with
tilapia mortadella containing vegetal fat compared with
the products formulated in this study, averaging 5.0 for
appearance, 5.3 for flavor, 5.4 for aroma, 4.9 for color and
4.8 for texture.

The analysis of consumption and purchase intention
revealed that 86.8% of 52 panelists would consume
smoked sausages and 79.2% would buy them. Regarding
pasteurized sausages, consumption intention was declared
by 83% of samplers and purchase intention, by 71.2%.
These results, for both products, demonstrate the interest from
possible consumers. In the study of Moreira et al. (2008),

75 752 75 7.7a
Sa . Sa

8 7.3a 7.4a 7.3a 7.52
6.9b

6.3b

Hedonic Scale (points)

Color Aroma Flavor Texture General
Acceptance

O Smoked Sausage M Pasteurized sausage

MSM - mechanically separated fish meat.

Figure 1 - Average scores attributed to sausages made with MSM
from tilapia filleting residues in the acceptance test.

53% of the samplers confirmed purchase intention of a
tilapia mortadella with vegetal fat.

With regard to weight loss, averages of 12%+1.0 were
found in the treatment 1 with the pasteurization method,
while sausages subjected to hot smoking lost, on average,
24.5%+0.8 of weight. This difference was significant
(P<0.05), since hot smoked sausages lost twice the amount
of weight when compared with steam-pasteurized samples.
Santos et al. (2007) observed a weight loss of 13.32% in
smoked fillets, when compared with the same samples
in natura. According to Sigurgisladottir et al. (2000),
losses resulting from fish smoking can vary from 10 to
25%, depending on the type of material in natura, the
characteristics of the final product, and the parameters used
in the process, such as time and temperature.

The averages obtained from water activity (Aw) were
0.97+0.002 for smoked sausages and 0.98+0.002 for
pasteurized sausages. The first treatment presented a slightly
lower but significantly different average (P<0.05), due to
the reduced moisture content resulting from the process of
hot smoking. Similar values were found by Oliveira Filho
et al. (2010b) in tilapia sausages: the average water activity
in their products was 0.98.

Regarding instrumental texture, a significant difference
(P<0.05) in hardness was detected among the products. The
average for smoked sausages was 16.796.0 g+2.1 whereas
pasteurized sausages averaged 12.026.0 g+0.6. A possible
explanation lies in the fact that the lower moisture content
observed in smoked sausages provided higher values
of hardness when compared with pasteurized sausages.
However, there were no differences for sensory texture
between smoked and pasteurized sausages (P>0.05).
Oliveira Filho et al. (2010b) obtained similar values for
tilapia fillet sausages (13.1960 g). However, when the
authors added tilapia MSM in the formulations, the hardness
of the sausages decreased significantly, reaching 881.0 g
with the addition of 100% MSM, and thus presenting a
lower value when compared with the products formulated
in this study.

During storage, luminosity values (L*) remained
virtually constant regardless of the type of packaging
used (Figure 2). However, smoked sausages presented
significantly lower values (P<0.05) (around 55.0+2.3)
when compared with pasteurized sausages (66.0+2.6). A
similar result was observed by Choubert et al. (1992) with
smoked rainbow trout fillets, for which the authors reported
lower luminosity values due to the deposition of chemical
compounds produced by the pyrolysis of wood.

The intensity of the red color (a*) did not differ
significantly (P>0.05) between pasteurized and smoked

R. Bras. Zootec., v.42, n.12, p.835-843, 2013
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sausages, presenting initial values of 6.16+0.2 for both
treatments. This parameter remained constant during
the storage period of smoked sausages, regardless of the
packaging system used. However, pasteurized sausages
showed significant differences (P<0.05) between packaging
systems: a decrease in values of a* for products packed in
the conventional system was observed when compared with
vacuum-packaged products (Figure 3).

The loss of intensity of red color may occur due to
partial permeability of oxygen in conventional packaging.
According to Olivo (2006), the incidence of oxygen during
storage boosts the oxidation of lipids and pigments, causing
changes in the color of the product. In the present study, the
red color of the smoked sausages remained stable probably
due to the smoking process, which gives color to the
product, in addition to the antioxidant effect of the smoke.

The intensity of yellow color (b*) was similar between
both treatments, with initial values around 13.0 (Figure 4).
A significant increase (P<0.05) was observed on day 25 of
storage of smoked sausages in conventional packaging.

Smoked sausages stored in vacuum-packaging did not
present significant difference (P>0.05) between b* values,
despite showing a tendency to increase the intensity of the
yellow color. Pasteurized sausages presented a significant
difference (P<0.05) in b* values over the days of storage,
but demonstrated a tendency to remain stable. Oliveira
Filho et al. (2010b) detected similar results in sausages
made with 80% MSM from tilapia. The authors reported b*
values around 12.0.

Regarding the microbiological analysis, no presence
of Salmonella sp., coagulase-positive Staphylococcus or
Escherichia coli was detected in stored sausages. Thus, all
products elaborated in this study were in accordance with
the Brazilian Legislation (Brasil, 2001).

The count of psychrotrophic aerobic microorganisms
was very low in the treatment of smoked sausages,
regardless of the packaging system or storage period (Table 3).
Pasteurized sausages in both conventional and vacuum-
packaging, however, presented high counts (>7.0 log cfu/g

==& - Smoked s. Conventional
packaging

* 60 === -~ Pasteurized s. Conventional
packaging

—— Smoked s. Vacuum packaging

—>— Pasteurized s. Vacuum
45 T T T T packaging
0 5 10 15 20 25 30 35 40 45
Storage days

MSM - mechanically separated fish meat.

Figure 2 - Luminosity (L*) of sausages made with MSM from
filleting residues during storage at 5 °C.
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T T T 1
15 20 25 30 35 40 45
Storage days

MSM - mechanically separated fish meat.

Figure 3 - Red-green color intensity (a*) of sausages made with
MSM from tilapia filleting residue during storage at 5 °C.
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—>— Pasteurized s. Vacuum
10 T T T T T 1 packaging
0o 5 10 15 20 25 30 35 40 45

Storage days

MSM - mechanically separated fish meat.

Figure 4 - Yellow-blue color intensity (b*) of sausages made with
MSM from tilapia filleting residues during storage at 5 °C.

Table 3 - Colony Forming Unit values (log cfu/g of sample) of psychrotrophic aerobic microorganisms in sausages made with MSM from

tilapia filleting residue, during storage at 5 °C

Storage days

Treatment

0 5 10 15 20 25 35 40 45
SC la <1b <1b <1b <1b <lb nd nd nd
PC 2.48e 5.74d 6.40c 7b 7.95a 8a nd nd nd
SV 1b <lc <lc <lc <lc <lc 2.18a <lc <lc
PV of 3.3e 5.6d 6.95¢ 7.6b 7.98ab 8.18a 8.3a 8.4a

MSM - mechanically separated fish meat; SC - smoked sausage in conventional packaging; PC - pasteurized sausage in conventional packaging; SV - smoked sausage in vacuum

packaging; PV - pasteurized sausage in vacuum packaging.
nd - not determined.

All means from the same parameters located in the same rows, followed by lowercase letters, differ significantly according to the Tukey test (P<0.05).
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of sample) of psychrotrophic microorganisms on storage
days 15 and 20, respectively.

The results demonstrated that the hot smoking
method was an effective thermal process in the control
of microorganisms, contributing to the microbiological
stability of smoked sausages over the storage period.

Although there is no limit for the count of
psychrotrophic aerobic microorganisms in the Brazilian
Legislation, pasteurized sausages with a count equal
or superior to 7.0 log cfu/g are not recommended for
consumption, since the degree of freshness and hygienic-
sanitary quality can be considered critical (ICMSF, 1986).
Piccolo (2010) verified that mixed sausages, made with red
meat and MSM from silver catfish filleting residues cooked
at 72 °C and vacuum-packaged presented counts superior to
7.0 log cfu/g of psychrotrophic acrobic microorganisms on
storage day 42 at 5 °C. Oliveira Filho et al. (2010a) observed
7.78 log cfu/g psychrotrophic aerobic bacteria in sausages
formulated with the addition of 80% MSM from tilapia
filleting residues after 40 days of storage at 0 °C, cooked at
72 °C for 1h20min. The authors did not detect the presence
of Salmonella sp. or coagulase-positive Staphylococcus in
sausages at days 5 and 40 of storage.

Regarding the pH values, the sausages remained
below the maximum established limit for fish meat,
which corresponds to 6.8 according to the Regulation for
Industrial and Sanitary Inspection of Animal Products
(RIISPOA) (Brasil, 1952). Although smoked sausages
presented significantly different oscillations during the
storage period (P<0.05), the pH averages remained around
6.0 (Figure 5). Fluctuations during this period do not
cause significant variations in degradation processes, but
must correlate with the biochemical, microbiological and
sensory analyses (Cruz Casallas et al., 2012). From day
25 on, pasteurized, vacuum-packaged sausages presented
a significant decrease in the pH value (P<0.05), averaging
5.5 at day 45.

6.5 ===4-- Smoked s. Conventional
packaging
E 6 == -®--- Pasteurized s. Conventional
packaging
—&— Smoked s. Vacuum packaging
555

—>— Pasteurized s. Vacuum
5 4 . . . . . packaging
0 5 10 15 20 25 30 35 40 45
Storage days

MSM - mechanically separated fish meat.

Figure 5 - pH of sausages made with MSM from tilapia filleting
residues during storage at 5 °C.

The decrease observed in pH values during refrigerated
storage may be associated with acidification of the
medium caused by lactic acid bacteria. These bacteria are
psychrotrophic and generally found in embedded, vacuum-
packed products stored under refrigeration (Silva et al.,
2007). When comparing both treatments under the group
that was vacuum-packaged, the decrease in pH values was
higher in pasteurized sausages probably due to the lower
efficiency of the pasteurization method in microbiological
control when compared with smoking. The same pH
reduction during storage was observed by Oliveira Filho
et al. (2010a) in sausages made of MSM from tilapia, with a
pH of 6.48 on day 5 and a pH of 6.27 on day 40 of storage.

Values for weight loss during storage of sausages in
conventional packaging were significantly higher (P<0.05)
when compared with sausages stored in vacuum packages.
On the 25th day of storage, the weight losses of smoked
and pasteurized sausages in conventional packaging were
5.0%=+0.2 and 4.2%+0.8, respectively. At the end of storage,
the weight losses for smoked and pasteurized sausages in
vacuum packages were 1.0%+0.4 and 2.5%+1.9, respectively
(Figure 06).

This was probably caused by the high permeability of
PVC films, which enables water evaporation. Conversely,
in vacuum-packaged sausages, the rate of oxygen and water
vapor permeability is much lower, making this packaging
system more efficient for weight control. However, the
presence of a small amount of liquid exudate was observed
in pasteurized, vacuum-packaged sausages. Similarly,
Cardoso (2008) observed small losses by exudate (maximum
of 1.8%) in vacuum-packaged fish sausages stored at 2 °C
for 55 days.

Alterationsin TBARS valuesareassociated with changes
in the flavor and aroma of the product. Many compounds
are formed during this process, e.g. hydroperoxides,
which can, in turn, originate other compounds responsible
for the appearance of a rancid odor and flavor in fish

==-4--- Smoked s. Conventional
packaging

== -B--- Pasteurized s. Conventional
packaging

—— Smoked s. Vacuum packaging

Weight loss (%)

—>— Pasteurized s. Vacuum
packaging

0 5 10 15 20 25 30 35 40 45
Storage days

MSM - mechanically separated fish meat.

Figure 6 - Weight loss of sausages made with MSM from tilapia
filleting residues during storage at 5 °C.
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oils (Yerlikaya et al., 2005). Sausages presented initial
values of 1.35+0.1 mg of malonaldehyde/kg. However,
lipid oxidation values tended to increase until day 10 of
storage. Vacuum-packaged sausages presented lower speed
of oxidation over time, and the values tended to decrease
from day 35 (Figure 7).

Thiobarbituric acid reactive substances (TBARS)
values can decrease over the storage period due to reactions
between malonaldehyde and proteins, turning these protein
molecules into insoluble components. Consequently,
secondary compounds resulting from lipid oxidation cannot
be detected by the usual methods and TBARS values are
relatively low (Ledward, 1981).

Yerlikaya et al. (2005) studied alterations in the quality
of anchovy patties in conventional packaging stored at 4 °C
for 6 days, observing higher TBARS values (10.61 to
27.21 mg of malonaldehyde/kg) when compared with this
study. Bilgin et al. (2008) detected significant differences
in TBARS values of smoked, vacuum-packaged sea bream
fillets during 60 days of storage, with an initial value of
1.02 mg and final value of 2.5 mg malonaldehyde/kg,
with oscillations over the period. Silva et al. (2008) also
observed a wide fluctuation of TBARS values during
the six weeks of storage of smoked Blue catfish fillets
(Ictalurus furcatus).

Although the Brazilian Legislation does not cite TBARS
limit values for fish products, the maximum averages found
in this study are similar to values cited by Balogun et al.
(1984) and Al-Kahtani et al. (1996), who considered values
below 3.32 mg and 3 mg malonaldehyde/kg of sample,
respectively, acceptable.

The thermal treatments used in this study significantly
affected (P<0.05) the total volatile base nitrogen (TVB-N)
values, and smoked sausages presented higher averages
(Figure 8).

Bilgin et al. (2008) also noticed that the smoking
process significantly increased (P<0.05) TVB-N values
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Figure 7 - Thiobarbituric acid reactive substances (TBARS) of
sausages made with MSM from tilapia filleting residue
during storage at 5 °C.
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Figure 8 - Total volatile base nitrogen (TVB-N) of sausages
made with MSM from tilapia filleting residues
during storage at 5 °C.

when compared with fish in natura. Sea bream fillets
in natura presented 14.28 mg TVB-N/100 g, while hot
smoked fillets achieved 16.30 mg TVB-N/100 g and cold
smoked fillets presented values of 19.80 mg TVB-N/100 g.
Goulas & Kontominas (2005) observed that TVB-N values
of mackerel fillets almost doubled after the hot smoking
process. Values of 11.28 mg (TVB-N/100 g) for in natura
fillets and 20.94 mg (TVB-N/100 g) for smoked fillets
were found.

Although there was a significant difference (P<0.05)
between values over the storage period, they tended to
stabilize. Similar results were observed by Travagin et al.
(2009) in TVB-N quantification in tilapia fillets in natura
conventionally and vacuum-packaged, during storage at
0 °C for 21 days: the authors did not detect any statistical
difference between treatments. Fillets in conventional
packaging presented values varying from 8.07 to 10.98 mg of
TVB-N/100 g during the storage period, whereas vacuum-
packaged fillets exhibited values between 7.43 mg and
9.67 mg of TVB-N/100 g. However, Yerlikaya et al. (2005)
found a progressive increase in total volatile base nitrogen
in conventional packaged anchovy patties stored at 4 °C
for 6 days. Similar results were reported by Bilgin et al.
(2008) in sea bream fillet samples treated by hot smoking,
vacuum-packaged and stored at 4 °C.

The Brazilian law (BRASIL, 1997) establishes a limit
of 30 mg TVB-N/100 g for fresh fish. In this study, smoked
sausages presented TVB-N values above the limit, which
may be due to the smoking process. According to Fuentes
et al. (2011), processed or semi-processed fish may
present variations in TVB-N values, since the processing
method can affect the TVB-N content in the final product.
Therefore, high levels of TVB-N can be caused by the
smoking process and not necessarily due to the product
degradation.
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Conclusions

Mechanically separated fish meat (MSM) from Nile
tilapia carcasses can be used in the formulation of fish
sausages with good acceptance and high purchase and
consumption intention. The smoking process, coupled
to the use of vacuum packaging, can provide physical,
chemical and microbiological stability to fish sausages.
Sensory evaluation during storage time is recommended to
confirm shelf life of the sausages as the values of TVB-N
are influenced by smoking process.
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