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Abstract

The aim of the present work was to evaluate the effects of modified atmospheres packaging (MAP) on cobia (Rachycentron
canadum) fillets. The specimens used were filleted and packed in high-density ethylene-vinyl alcohol plastic bags and then
submitted to 3 treatments: A (control atmosphere air condition), B (vacuum atmosphere condition) and C (100% CO, atmosphere
condition), B (vacuum) and C (100% CO,). The packaged samples were maintained under cooling temperature of 2 + 1°C.
Samples were submitted to different analysis (TVB-N, pH, TBA, texture, color and microbiology) during the storage period (zero,
1, 7, 14, 21, 30 and 45 days). Samples stored under aerobic conditions (A) showed fast increase of TVB-N and an increase of
pH values. The TBA indexes remained below 3.5 mg kg™ for all treatments and the color patterns varied slightly while the texture
analyses varied from 2.05 to 6.61 N. From the results of the chemical and microbiological analyses, it can be concluded that
the treatments (B) and (C) presented satisfactory results for the storage test period. MAP treatment (C), different for the other
ones, presented discolored fillets with softer texture. Vacuum packing, proved as the best treatment, maintained the best stability
condition for chemical, microbiological and sensory characteristics throughout the experiment, extending the shelf life of cobia

fillets for 30 days.

Keywords: Cobia; Fillets; Modified atmosphere packaging; Shelf life;
Quality deterioration

Introduction

Cobia (Rachycentron canadum) is a relatively new species to marine
aquaculture. Due to its excellent characteristics as fillet quality, high
commercial prices and fast growth, this species has been considered to
be a noteworthy candidate for aquaculture [1], with great potential for
global production. Commercially, it has been cultivated in ponds, net
pens and recirculating systems, exhibiting great’s resistance to diseases
and flesh quality [2,3]. However, little is known about cobia processing.
Generally, seafood quality, that is a perishable product, is influenced
by the freshness of the product. Actually, it is known that fish shelf life
could be determined by the intensity of enzymatic reactions and the
number and species of microorganisms that occurs before the product
being consumed. Other determinants characteristics, which should
be evaluated at all stages of production, are the storage temperature,
temperature during capture, delayed cooling and temperature
retail. Combined methods have been used to improve the quality of
conventional products and develop new ones. They ensure the stability
and safety by providing better sensory and nutritional properties
to consumers [4]. Shelf life extension of packaged fish under MAP
conditions has been reported from 50 to 400 percent, but only the
period of moderate to low quality is often prolonged, not the initial
period of prime quality [5]. Usually the effect of MAP is conditioned
by the concentrations and amount of CO, and O, available in the gas
atmosphere, quality of raw materials, and the most importantly, storage
temperature [6]. The presence of CO, inhibits growth of the normal
spoilage flora in air (such as Pseudomonas and Shewanella putrefaciens)
promoting the growth of microorganisms tolerant to CO, (such
as Lactobacillus spp., Photobacterium phosphoreum, Brochothrix
thermosphacta) during the storage time. Usually only one species
is responsible for the main sensory spoilage, called specific spoilage
organisms (SSO). The numbers of SSO and the concentration of their
metabolites can be used as objective indices of spoilage in shelf life

determination [7]. At high concentrations of CO,, P. phosphoreum
was found as the main spoilage bacteria, both in MA packaged chilled
cod [8] as salmon [9]. The applicability of knowledge on specific
spoilage organisms is of vital importance for determining, predicting
and extending shelf life of the product, obtaining higher quality raw
material for a longer period. Modified atmosphere packaged foods
have become more available to meet consumer demand for fresh and
refrigerated foods with extended shelf lives, being extensively used
to fresh meat, poultry and fish products, among others [10,11]. The
principle of MAP is the replacement of packaged air with a different
fixed gas mixture. Carbon dioxide (CO,) is the most important gas used
in MAP since it has bacteriostatic and fungistatic properties [12]. His
presence changes the pH of the product acting as a barrier against some
spoilage bacteria. That way, storage under MAP conditions extends the
shelf life of the product, delaying the rate of spoilage. The success of
MAP depends of many factors, including good initial product quality,
good hygiene during slaughter, correct packing, packing equipments,
appropriate gas mixture, proportional rate of gas and product volume
(g/p), and the temperature during the entire process [13]. However, the
amount of CO, dissolved into the product and the storage temperature
are the most critical factors [14]. Although it is proven that the use of
MAP provides improvements in the preservation of fish, the unification
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of criteria becomes difficult when we takes into consideration the
difference between species, mixtures of gases and temperatures of
storage. Work using MAP in salmon fillets [15], slices [16] and steaks
[17] showed that sensory shelf life of the products were extended to 20,
18 and 22 days, respectively. Sivertsvik et al. [6] studied the evolution
of the storage conditions of salmon fillets in controlled cooling (4°C)
and MAP (CO,: N,; 60:40) conditions, found that the best performance
of sensory shelf life was 21 days. Sivertsvik et al. [18] also studied the
quality of cooling (< 1°C) during transport of gutted salmon (Salmo
salar) stored in plastic bags containing 50 and 100% of CO,, 60% of
CO, and 40% of O,, as well as conventional packaging (polystyrene)
material. The authors found that salmon packed in MAP showed better
sensory quality after 13 days of storage than conventionally packaged.
The experiments cited above were performed in different gas mixtures,
gp™ ratios and temperatures. Taking into account the excellent potential
of cobia to aquaculture and the high quality of their fillets, the present
work aims to develop a product of convenience, cobia minimally
processed, by the determination of your shelf life through monitoring
their chemical and physical properties, as well as the performance of
microbiological evaluations.

Material and Methods

Packaging and storage condition

Cobia specimens were obtained from a fish farm in Angra dos Reis
- RJ, southern Brazil. Fishes were killed by immersion in ice cold water
(hypothermia), gutted and packed in an insulated polystyrene ice box.
They were then delivered to the laboratory within 12 h after collection.
Once in the laboratory, the fishes were washed, cleaned, filleted (about
200g) and packaged in modified atmosphere using a packaging
machine (TECMAQ, model AP - 450). Fishes were packed with a film
of ethylene vinyl alcohol - EVOH (transmission rate for oxygen of
28.18 cm® m?day" at 23°C, 80% RH and 1 atm). The ratio between
the volume of gas and food weight used (g/p ratio) was 2:1 (v/w).
The compositions of the gas mixture used for packaging the products
were: A (control, atmosphere air condition), B (vacuum atmosphere
condition) and C (100% CO, atmosphere condition). All samples were
stored in a refrigerator at a constant temperature (2 + 1°C) for 45 days.
Analyses were performed immediately (time 0) on packaging and after
1, 7,14,21,30 and 45 days of storage.

Proximate composition

Moisture, ash, crude protein and fat contents were determined
according to the methods described by [19]. Moisture was determined
by the oven drying method at 110°C for 24 h. Total protein content was
determined by the Kjeldhal method. Total lipids were assessed by the
Soxhlet method.

Chemical analysis

Total Volatile Base Nitrogen (TVB-N) was determined by protein
precipitation using trichloroacetic acid (TCA, 7.5%) and evaluation
of the total volatile base nitrogen in the TCA extract using the Micro
Kjeldhal method, adapted by Jesus [20]. Thiobarbituric Acid Reactive
Substances (TBARS) was determined by the precipitation of proteins
associated with lipids and phospholipids. The spectrophotometer
reading was taken at 538 nm, using conversion factor to transform mg
of malondialdehyde to kg of food, according to adapted Tarladgis et al.
[21].

pH measurements was determined with the aid of a Digimed
digital potentiometer, using muscle homogenized in distilled water in a

proportion of 1:1, according to Analytical Norms of IAL [22]. The pH
meter was calibrated with buffer solutions (pH 4 and pH 7) at 20°C.

Physical analysis

Fillet color was measured with a Tristimulous colorimeter method
(CR-400 Chroma Meter, Konica Minolta Instrument Systems) with
circular measurement area of 8 mm. The colorimeter was calibrated
using a white standard plate (L=100). The L*, a*, b* and C values were
measured in three distinct position of the fillet. Three readings were
carried out at each position. Texture analysis of cobia fillets was carried
out using a texture analyzer Model TA-XT?2 plus (Stable Micro Systems,
Surrey, UK) calibrated for cutting speed (2 mm s?), speed of return
(5 mm s™) and sensitivity (0.250 N). Samples were removed in form
of parallelepipeds of 2 cm?, following the orientation of muscle fibers
as Sigurgisladottir et al. [23], and submitted to a cutting/shearing test
using Warner-Bratzler shear force (kgf), which indicated the total
energy (work) required to shear (toughness). Results were transformed
and expressed as newton unit.

Microbiological analysis

Samples (25 g) were taken aseptically from the fish fillet, transferred
aseptically to a stomacher bag (Seward Medical, London, UK)
containing 225 mL of sterile peptone water (0.1%) and homogenized
with a stomacher (Lab Blender 400, Seward Medical) for 60 s at room
temperature. Serial dilutions were prepared in sterile peptone water
(0.1%) and the surface was plated in duplicate on a standard plate count
Agar (Acumedia Manufacturers, Inc., Lansing, MI) for the enumeration
of microorganisms (aerobic mesophilic and psychrotrophic). Plates
for mesophilic counts were stored at 35°C for 48 h, while plates for
psychrotrophic counts were stored at 5°C for 10 days. Tenfold serial
dilutions were prepared using sterile peptone solution (0.1%) for
further spread on agar plate to detected typical colonies by biochemical
characterization, identification, and plate count (Staphylococcus spp.
and Escherichia coli) using the most probable number per gram [24].
Salmonella was investigated according to standard methods [25].

Statistical analysis

Data for physical and physicochemical analyses are expressed as
mean + SD (n=3). Differences among treatments were assessed by two
way analysis of variance (ANOVA) followed by the Tukey's test using
Statistic 7.0 software. In all cases, the significance level adopted was 5%
(a=0.05).

Results and Discussion

Proximate composition in cobia used in this experiment and their
standard deviations was 76.85 = 1.26% moisture, 0.96 + 0.02% ash,
16.85 + 1.6% total proteins and 3.48 + 0.32% total fat. It is known that
variations in the chemical composition of marine fishes is closely
related to nutrition, living area, fish size, catching season, seasonal and
sexual variations as well as other environmental conditions [26]. These
variations, might lead to changes in attributes, including taste, odor,
texture, color and surface appearance, which control the acceptability
of fish as food [27]. The Official Regulations on Industrial Sanitation
and Inspection of Animal Products - RIISPOA [28] established the
maximum pH limit for the internal part of fresh fish as 6.5. According
to Papadopoulos et al. [29], the pH value of live fish muscle is close to
7.0. However, post mortem pH may vary from 6.0 to 7.1 depending on
species, fishing season and other factors [30]. In the present study, the
initial pH for Cobia stored during 45 days was 6.4 for all treatments
(Figure 1). In atmosphere control (A) condition, was observed an
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Figure 1: pH of cobia stored during 45 days in different atmospheres. Where:
A (Control); B (vacuum); C (100% CO,).

increase during the first (1 day) and last day (45 day) of storage, when
compared with the time of packaging (0 day) (Figure 1). These increases
may be due to an accumulation of alkaline compounds, such as
ammonia, derived mainly from microbial action [31]. Oppositely, in
vacuum (B) and MAP (C) conditions, the pH dropped from the time of
packaging (0 days) for all sampling times, remained stable throughout
the storage period (Figure 1). However, MAP treatment was significantly
lower and more stable when compared with the other two treatments.
These results may be related to lower psychrotrophic bacteria counts
found in this treatment, probably due to the antimicrobial action of the
CO2 in fish muscle. Arkoudelos et al. [32] analyzing quality attributes
of eel (Anguilla anguilla) stored under air and MAP conditions, showed
no statistically significant differences on the pH values for eel during
the entire period of storage. According to the authors, pH examination
could not be useful for monitoring eel quality changes. Poli et al. [33]
found initial pH values of 6.4 in fillets of sea bass (Dicentrarchus labrax),
very similar to the values found in the present study. Torrieri et al. [34]
verified in Dicentrarchus labrax bass a pH of 6.6; once packed in
modified atmosphere, the pH decreases to 6.5-6.3, depending on the
storage atmosphere composition. Only samples packed with air as
initial gas composition exhibited an increase on pH, which can be
attributed to a consequent accumulation of basic substances in the bass
muscles. Similar results were reported by Pastoriza et al. [35] and Ruiz-
Capillas and Moral [36], supporting the results observed in the present
work. Stamatis and Arkoudelos [37] also found similar results to the
present study for pH values in Sardina pilchardus fillets under control,
MAP and vacuum packaging at 3°C. The pH of MAP and vacuum
samples were lower throughout the storage period and static around an
initial value of 6.26. For MAP stored fish it is well known that carbon
dioxide can be absorbed into fish surface muscle, acidifying it via
carbonic acid formation. According to Sikorski et al. [38] pH stability
under these conditions may be explained by the buffer effect of the fish
muscle This effect is attributed to the presence of soluble proteins,
amino acids, trimethylamine and low molecular weight substances
which may mask pH changes such as the slow increase in pH at the
beginning of the degradation and faster towards the end process. This
increase, commonly observed in spoiled products, may in part explain
the significant differences found towards the end of storage. The TVB-N
values of cobia stored during 45 days increased significantly during
storage period (Figure 2). However, the increased was higher for
atmosphere control condition (A) when compared with (B) and (C)
treatments, which had values below the limit established by Brazilian
legislation (30 mg 100 g*). Statistical analysis of TVB-N data showed
significant differences (P<0.05) between cobia stored in air (A), vacuum
(B) and MAP (C), after 14 days of storage. However, no significant
differences (P>0.05) were observed between TVB-N values of cobia in
(B) and (C) condition during the storage period (45 days). Similar
results were reported by Ozogul et al. [39] evaluating sardine (Sardina

pilchardus) packaging in modified atmosphere and vacuum. At the
beginning of storage, the TVB-N value was 4.9 mg 100 g for all cobia
fillets stored conditions. The release of total volatile bases increased up
to 30 mg 100 g* for fillets stored in air (A), 17.3 mg 100 g** for vacuum
(B) and 16 mg 100 g for MAP (C) after 30 days of storage. Fraser and
Sumar [40] indicated that bacterial catabolism of amino acids in fish
muscle results in an accumulation of ammonia and others volatile
bases. Fernandez et al. [41] studying Salmo salar under MAP condition,
founded no significant differences in TVB-N values during the storage
period. The values were also lower than those indicated by technical
standards (30 mg N 100 mg'). When the total viable counts reached
106 cfu g, the TVB-N content was found to be approximately 29 mg
100 g’ for air (A) conditions. The fast increase of TVB-N at higher
microbial numbers indicates substantial deterioration of the fish. MAP
(C) condition showed the lowest values of TVB-N. According to
Lampila [42] this result could be explained by two factors: the inhibiting
effect of CO, on microbial growth, and the change in flora composition
when fish is stored in enriched CO, atmospheres. Ruiz-Capillas and
Moral [36] also observed that TVB-N levels in Merluccius merluccius
stored in CO, atmospheres increased more slowly than in air. The
control (air condition) had the highest TVB-N values throughout the
storage period exceeding the acceptability limits of 30 mg 100 g of
muscle! after 25 days of storage, while the samples packaged in different
atmospheres does not exceed this limit throughout the storage period.
In accordance with these results, Ruiz-Capillas and Moral [36] founded
that all Merluccius merluccius packaged in MAP condition do not
exceeding the acceptability limits of 30 mg 100 g of muscle during the
storage period (35 days). According to Stamatis and Arkoudelos [37]
the TVB-N concentrations of Sardina pilchardus and others fishes
contain little carbohydrate in muscle tissues (<0.5%, w/w) that explain
the small amounts of lactate produced post mortem. The Figure 3
shows TBA values of cobia stored during 45 days in different conditions
(A, B and C). The values remained in the recommended limits (1.5 mg
of malonaldehyde Kg of muscle™) [43,44] during 14 days of storage for
control condition (A) and 30 days of storage for (B) and (C) conditions,
(p>0.05). The TBA results for control (A) indicate that after 14th day of
storage rancidity can be detected (TBA greater than 1.6 mg MA kg™).
Generally, lipids of fresh fish stored in ice or under refrigeration, rarely
show any tendency towards oxidative rancidity. However, when this fish
is stored for long periods of time in atmospheres control with high O,
levels, rancidity could be a problem. The TBA values observed for the
vacuum packing treatment (B) were lower at the end of the storage
period when compared to the values obtained for the other two
treatments (A and C) (Figure 3). This result can probably be explained
by the lack of gas in (B) treatment that slows the process of oxidation of

Figure 2: Total volatile basic nitrogen (TVBN) (mg 100 g') of cobia fillets stored
during 45 days in different atmospheres. Where: A (Control); B (vacuum); C
(100% CO,).
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Figure 3: Thiobarbituric acid (TBA) (mg of malonaldehyde 100 g') of cobia
fillets stored during 45 days in different atmospheres. Where: A (Control); B
(vacuum); C (100% CO,).

polyunsaturated fatty acids in this treatment. Treatment (C), kept in
atmosphere with high CO2 concentrations (100%), had TBA levels of
1.75 mg MA/kg, after 30 days of storage. Studying hake (Merluccius
merluccius) Ruiz-Capillas and Moral [36] observed greater TBA
amounts for richer CO, atmospheres conditions, probably due to a
synergistic action between CO, and O,, which facilitate polyunsaturated
fatty acid autooxidation. Soccol et al. [45] also observed similar
behavior in modified atmospheres. Bacteria of the genus Salmonella
spp. does not occur originally in fish, just when is introduced during
handling or contact with contaminated water. The original habitat of
this genus of bacteria is the intestinal tract of humans and warm
blooded animals and their presence indicates a possible fecal
contamination. Fish caught in clean waters are generally exempt from
this type of bacteria. Their presence is due to the contact with infected
fish, poorly cleaned surfaces and cross contamination [46,47]. In the
present work, the presence of Salmonella ssp. was not detected in any
samples, indicating good hygiene and product safety.

Although Brazilian legislation does not establish reference values
for the presence of Escherichia coli in fish, quantitative knowledge of
this microorganism is an important indicator of sanitary quality and
fitness for human consumption of fish. Escherichia coli counts found in
cobia fillets packaged in different atmospheres were below to 0.3 NMP
g or > 102 CFU g of sample for all treatments (A, B and C), showing
that the fillets studied had good production and manipulation practices
according the standards established by ICMSF which maintain the
maximum value of 103 NMP g for fresh fish refrigerated at 4°C or frozen
at -18°C. The growth curves of aerobic mesophilic microorganisms of
cobia fillets packaged in different modified atmospheres is shown in
Figure 4. We can observe that the count of mesophilic microorganisms
increased with the time of storage in all treatments with a significant
difference between the first and last day of analysis in all treatments. A
significant difference between treatment (A) and (C) was also observed
after 30 days of storage, showing that the use of different gases were
effective to reduce microbial growth. Similarly, Cortez-Vega et al.
[48] studying beef and raw chicken breast demonstrated the effective
using of different gases to control microorganism’s growth. Regarding
the aerobic psychrotrophic microorganisms growth, no limits were
establish in Brazilian legislation, however it is also known that high
counts of this kind of microorganisms contribute to the reduction of
the product lifetime. The ICMSF establishes counts less than 106-107
cfu g as safe standards for consumption [49]. In order to increase the
shelf life of commercial products, the initial microbiological counts
must be reduced using strict hygienic conditions in the industry. In
addition, to reduce the microbial growth rate, the storage temperature
should be maintained at 1.5°C instead of 0°C. In the present work, the
growth curve of aerobic psychrotrophic microorganisms (Figure 5)

showed a growth during the storage time. Treatment (A) showed an
increase of approximately 68% between the first and last day of storage
while treatment (C) showed 40.75% growth over the same period. Many
microorganisms of aerobic spoilage have their growth inhibited by the
presence of small quantities of CO, (20%), increasing the product shelf
life with the increasing CO, concentrations [50]. In the present study,
it was observed that the use of CO, with other gases increased the life
span of cobia fillets over the control sample. The growth curve for
Staphylococcus spp. in cobia fillets stored under refrigeration conditions
during 30 days (Figure 6) showed an increase in Staphylococcus ssp.
microorganisms for all treatments (A, B and C) over the entire period
with no significant difference between the treatments after 30 days of
storage. The results showed that the Staphylococcus ssp. count was not
significantly (p>0.05) affected by the treatments or the storage period,
with values above 103 CFU g* after 30 days of storage. The Compendium
of Norms and Standards for Food [51] established a maximum of 103
Staphylococcus coagulase (+) g of fishas standards for fresh refrigerated
fish. Values of color (L*, a*, b*) and texture of cobia fillets stored under
refrigeration are reported in Table 1. The results demonstrated a decrease
in lightness (L *) during the storage days. The decrease of L* leads to
change in the fillets color, whereas values near to zero indicate darker

Figure 4: Growth curve of aerobic mesophilic microorganisms of cobia fillets
packaged in different atmospheres. Where: A (Control); B (vacuum); C (100%
CO,).

Figure 5: Growth curve of psychrotrophic microorganisms of cobia fillets
packaged in different atmospheres. Where: A (Control); B (vacuum); C (100%
CO,).

Figure 6: Growth curve of Staphylococcus spp. microorganisms of cobia fillets
packaged in different atmospheres. Where: A (Control); B (vacuum); C (100%
CO,).
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) Color
Time (days) Treatments Texture
L* a* b*
A 66.85 + 1.0328¢ 0.73 +£0.12%® 1.46 + 0.242¢ 6.61 % 1.2%A
0 B 66.85 + 1.03* 0.73 £ 0.123%8 1.46 + 0.242° 6.61+ 1.2%A
Cc 66.85 + 1.03 0.73 £ 0.123%8 1.46 + 0.24°° 6.61 % 1.2%
A 66.23 + 0.7125¢ 0.61+£0.10°® 1.57 £ 0.15%¢ 6.61+ 1.2%4
1 B 66.15 + 0.66>* 0.73 £ 0.2120A8 1.42 + 0.06°¢ 6.61 % 1.2%A
Cc 66.10 + 1.20°* 1.01 +£0.08* 1.56 + 0.2120 6.61 + 1.2%A
A 65.63 + 0.6226¢ 0.61+0.21%® 2.62 + 0.1928¢ 419+ 0.7
7 B 66.32 + 0.29** 0.52 £0.19%® 2.17 £ 0.83%6¢ 5.08 + 1.37%A
Cc 62.91 + 0.97°%8 -0.51 £ 0.07°¢ 1.72 + 0.2220 4.09 + 1.3%
A 72.44 +0.51A 1.35+ 0.09 3.56 +0.42%® 3.45+0.258
14 B 65.74 + 0.14% -0.73 £ 0.21<¢ 2.29 + 0.12¢/8¢ 5.01 £ 0.45%A
Cc 60.38 + 0.46°¢ 0.03 £ 0.01°BC 6.56 + 0.272¢ 3.27 £0.23"®
A 67.86 + 1.43%® 1.04 + 0.338 3.34 £ 0.92°8C 3.01 £0.1458
21 B 65.45 + 0.51%* 0.77 £ 0.323%8 2.61+0.318 4.96 + 0.27207
o] 58.84 + 0.37°C0 -1.33 £ 0.16%° 6.87 +0.332¢ 3.19 £ 0.2
A 65.36 + 2.2328¢ 1.01 £ 0.378 6.64 + 1.29% 2.77 £ 0.12°8
30 B 65.36 + 0.322A 1.15+0.14>* 2.88 £ 0.17%8 4.58 +0.134
Cc 58.53 + 0.36°°P -3.52 + 0.67°F 7.92 £ 0.56%® 2.92 +0.7°%8
A 63.35+ 1.97¢ 1.41 +£0.07%A 6.96 + 0.75 2.05 +0.08%®
45 B 62.65 + 0.78* -0.19 + 0.05® 3.28+£0.16* 3.93 £0.25%
Cc 57.44 + 0.11°° -2.28 £ 0.13°¢ 9.61 £ 0.36% 2.58 + 0.35%8

Where: A (Control); B (vacuum); C (100% CO2). Means followed by the same letter in the column and capital letter in the line did not differ by Tukey Test (P<0.05)
Table 1: Color values (L*), Chroma a*, Chroma b* and texture values (N) of cobia fillets using different packaging stored under refrigeration.

fillets. In the present work, the use of CO, was not effective for reducing
browning of cobia fillets. However, different results were found by
Cortez-Vega et al. [49] that demonstrated the efficacy of CO, compared
to the control sample in delaying browning raw chicken breast fillets.
Poli et al. [33] also found higher brightness values at the beginning and
in the end of the storage period in European sea bass fillets in relation to
the control samples. Analysis of Chroma a* (Table 1) indicate a decrease
in values of all treatments during the storage days. This decrease in the
red color of samples indicates a trend to darken (tendency to green).
In 45 days of analysis, no significant difference was observed between
treatments (B) and (C). These results is in agreement with Cortez-Vega
et al. [49] who also observed a decrease in the values of Chroma a*
in raw chicken breast fillets. Regarding Chroma b* values (Table 1),
was observed an increase in all treatments. However, MAP treatment
(C, 100% CO,) showed the higher value of Chroma b* compared to
the control sample (A), demonstrating that this gas was not effective
in maintaining cobia fillets color. This increase shows a tendency to
darker color (tendency to yellow) and a possible degradation of cobia
fillets. The texture analyses (Table 1) showed a decreasing during the
storage days for all treatments. The control treatment (A) showed the
higher reduction in texture (68.98%), followed by (C) (60.96%) and
(B) (40.54%) after 45 days of storage under refrigeration. According
to Dhananjayan et al. [52], the decrease in cutting force is related to
microbial deterioration during the storage period when nutrient uptake
by bacteria occurs and the fibers break down more easily at lower shear
strength. Fernandez et al. [41] studied the combined effect of modified
atmosphere packaging with additives, estimated that the shelf life for
salmon (Salmo salar) was 27 days considering the texture of fillets as
parameter. The authors showed that this type of treatment was efficient
to maintaining the texture for longer time. However, in the present
work, vacuum packaging (B) showed lower decrease of texture during
the evaluated period. The decrease of texture found in this study for
treatment (A) in relation to (B) and (C) are according to data reported
by Cortez-Vega et al. [49], who also found differences between the first

and last day of storage for the control and the treatment of 100% CO,.
The same authors founded lower decrease in raw chicken breast fillets
texture over other treatments.

Conclusions

From the results of the chemical and microbiological analyses, it
can be concluded that the treatments (B) and (C) presented satisfactory
results for the storage test period. MAP treatment (C), different for the
other ones, presented discolored fillets with softer texture. The presence
of Salmonella and Escherichia coli was not detected during the storage
period. Vacuum packing, proved as the best treatment, maintained
the best stability condition for chemical, microbiological and sensory
characteristics throughout the experiment, extending the shelf life of
cobia fillets for 30 days.
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