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ABSTRACT

Consumers rate fish based on a number of parameters, the most important of which are the
consumption safety, nutritional characteristics, taste, smell, color, texture, convenience for
culinary processing and preservation. The shelf-life of fresh chilled fish can be extended
by vacuum or modified atmosphere packaging. During the past decade, mixtures of gases
with high concentrations of carbon dioxide and nitrogen have attracted the attention of re-
searchers, who have been investigating packaging of fish. The aim of this research was to
monitor changes of selected sensory parameters of common carp (Cyprinus carpio) steaks
packaged in modified atmosphere and vacuum during storage at 3+0.5°C and to determine
the shelf-life of the products. Sensory evaluation was conducted on 1,4, 7,9, 12 and 15 days
of storage. Different gas mixtures as well as vacuum packaging did not significantly affect
the changes in color and meat texture of carp steaks, and they remained characteristic until
the end of the experiment. The freshness and acceptability of fish was most influenced by
the average ratings of odor. The shelf-life of carp steaks packaged in the gas mixture consist-
ing of 60% CO, and 40% N, (MAP1) was 12 days, while samples packaged in a mixture of
gases with 40% CO, and 60% N, (MAP2) were acceptable for 9 days. The shelf-life of carp
steaks packaged in vacuum was 7 days. The gas mixture consisting of 60% CO, and 40% N,
proved to be the most suitable for packaging fresh carp steaks regarding the selected sensory
characteristics of odor, meat texture, meat color and overall acceptability.

1. Introduction

The fact that fresh fish is a very perishable food
(pH> 6.0; a,> 0.98) has influenced the producers to
focus on finding the optimal method for fish preser-
vation. In recent years, however, consumers world-
wide increasingly demand that they have fresh fish
at all times, since it is fresh fish that has the most
acceptable sensory attributes. This trend has led to
the development of the effective concept of modi-
fied atmosphere packaging (MAP), thus ensuring

a longer shelf-life of fish and preserving the basic
parameters of its freshness (Gimenéz et al., 2002).

Consumers rate fish based on a number of
parameters the most important of which are the con-
sumption safety, nutritional characteristics, taste,
smell, color, texture, convenience for culinary pro-
cessing and preservation.

Changes in fish meat begin at the moment fish
dies, or already at the time of the catch, and are the
result of the activities of their own enzymes, the
metabolism of microorganisms and the oxidation
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of lipids. Changes in the sensory characteristics of
the fish result from microbial development. The
decomposition of food ingredients and the growth
of microorganisms cause an unpleasant smell and
taste as well as the production of visible pigmented
or unpigmented colonies. The synthesis of polysac-
charide extracellular materials and diffuse pigments
results in sensory changes in the form of mucus for-
mation and discoloration (Gram & Huss, 1996). On
the other hand, chemical changes such as auto oxi-
dation or enzymatic hydrolysis of fats may cause
the rise of unpleasant smell and taste or, in the lat-
ter case, the activity of tissue enzymes may lead to
unacceptable softening of the fish meat.

The shelf-life of fresh chilled fish can be
extended by vacuum or modified atmosphere pack-
aging (MAP) (Pastoriza et al., 1996; Siverstvik et
al., 2002; Stamatis & Arkoudelos, 2007; Milijasevi¢
et al, 2010). The most commonly used gases in
modified atmosphere packaging technology are car-
bon dioxide (CO,), oxygen (O,) and nitrogen (N,)
(Martinez et al., 2006). During the past decade,
mixtures of gases with high concentrations of CO,
and N, have attracted the attention of researchers,
who have been investigating packaging of fish. The
shelf-life of fresh chilled fish is relatively short and
at temperatures of +2 + 2 °C, it is about 2 to 3 days.
It has been confirmed that packaging of fish in mod-
ified atmosphere significantly extends the shelf-life
of product (Masniyom et al., 2002; Stamatis & Ark-
oudelos, 2007; Provincial et al., 2010).

The aims of this research were to monitor
changes of selected sensory parameters of common
carp (Cyprinus carpio) steaks packaged in modified
atmosphere and vacuum during storage at 3+0.5°C
and to determine the shelf-life of the products.

2. Materials and methods
2.1. Sampling

Common carp (Cyprinus carpio) of average
body weight 2.50+0.30 kg were obtained from a fish-
pond where a semi-intensive rearing system was
used. Fish were transported live to the fish slaughter-
ing and processing facility, where they were stunned,
slaughtered and scaled, and carcasses were cut into
steaks 2 cm thick and 220 g average weight. Three
sample groups of carp steaks were formed. One
group of steaks were vacuum packaged and were
used as the control. The other two sample groups
were packaged in modified atmospheres with differ-

ent gas ratios: MAP1: 60% CO,+40% N, and MAP2:
40% CO,+60% N,. The machine used for packag-
ing was Variovac (Variovac Primus, Zarrentin, Ger-
many), and the material used for packaging was foil
OPA/EVOH/PE (oriented polyamide/ethylene vinyl
alcohol/polyethylene, Dynopack, Polimoon, Kris-
tiansand, Norway) with low gas permeability (degree
of permeability for O, — 3.2 cm*/m?/day at 23°C,
for N, — 1 em’/m?day at 23°C, for CO, — 14 cm?/
m?/day at 23°C and for steam 15 g/m*/day at 38°C).
The ratio of gas:fish steaks in the packages was 2:1.
All fish steaks were stored in the same conditions at
3°C+0.5°C and on days 1, 4, 7, 9, 12 and 15 of stor-
age, sensory testing was performed.

2.2. Sensory evaluation

The sensory evaluation was performed by six
trained panelists. Prior the sensory evaluation, sam-
ples were taken out from the refrigerator and remained
at room temperature for 15 min. For each day of
examination, each assessor was provided with portion
of carp steaks. The samples were evaluated for over-
all acceptability, with regard to odor, meat color, and
meat texture using a 1-7 intensity score scale, with 7
corresponding to the most liked sample, and 1 corre-
sponding to the least liked sample. The product was
defined as unacceptable when a score of less than 3
points was recorded by at least of 50% of the panelists.

2.3. Statistical analysis

The mean values and standard deviations were
calculated by using column statistics with the pro-
cessing of 6 values for each analyzed group. Signifi-
cant differences between groups were calculated using
one-way ANOVA analysis by Tukey’s comparative
test in the program Microsoft Office Excel (2016).
Differences were evaluated as significant at p<0.05.

3. Results and discussion

The results of the sensory evaluation of carp
steaks are presented in Table 1.

At the beginning of the storage period, meat
color, texture, odor and overall acceptability were
evaluated with very high scores in all groups of
carp steaks. Average scores of color acceptability
decreased during the experiment and this was most
pronounced in samples packaged in vacuum. Never-
theless, the color of fish meat was acceptable during
the entire storage period in all groups of samples.
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Table 1. Sensory evaluation of carp steaks packaged under different conditions during the storage period.
MAPI1: 60% CO,+40% N, and MAP2: 40% CO,+60% N,

Sensory Packaging Storage time (days)
parameter conditions 1 4 7 9 12 15
MAPI1 7.0+0.0? 7.0+0.0? 6.8+0.4° 5.1+0.28 3.6+0.4% 1.3+0.4
Odor MAP2 7.0£0.0*  7.0+0.0°  6.6+0.5*  3.7+0.5° 1.2+0.3° ne
Vacuum 7.0£0.00 6.5£0.5>  4.7+0.6° 1,0+0.0¢ ne ne
MAPI1 7.0+0.0° 6.9+£0.2° 6.1+0.4° 5.3+£0.6°  4.6+£0.4* 3.8+0.3
Meat texture MAP2 7.0£0.0° 7.0+£0.0° 6.3+0.4* 5.2+0.8* 3.7+0.5° ne
Vacuum 7.0+0.0°  6.8£0.4*  5.0£0.3*  3.5+0.5° ne ne
MAPI 7.0+0.0? 6.8+0.42 6.4+0.5° 5.8+0.3% 5.2+0.42 4.5+0.4
Meat color MAP2 7.0£0.00  6.7+0.5*  6.5£0.4*  5.9+0.5*  5.0+0.3* ne
Vacuum 6.8+0.4*  6.9+£0.2*°  4.840.2°  4.6+0.6° ne ne
MAPI1 7.0+0.0° 7.0+0.0? 6.5£0.5*  4.840.4*  4.1+0.22 1.2+0.3
Overall MAP2 7.040.0°  7.040.0°  62+0.4° 4605  22+0.4° ne
acceptability
Vacuum 7.0£0.0*  6.2+0.4>  4.5+0.3>  1.5+0.4° ne ne

Legend: Same lowercase letters in a column indicate no significant differences (p>0.05)

ne: not evaluated

Numerous studies in the European Union showed
that the color of food products, specially fish, is a
main parameter that influences consumer decisions
to buy a particular type of food (Espe et al., 2004).

In our research, textural changes were detect-
ed in common carp muscle during the storage and
was most evidenced in samples packaged in vacu-
um. Although the average texture scores were lower
over time, at the end of the experiment, texture was
rated as acceptable in all groups.

During the entire storage period, the aver-
age scores of the odor of carp steaks decreased in
all experimental groups. Our results showed that
odor changes were most pronounced in the vacuum
packaged fish. The carp steaks packaged in a mod-
ified atmosphere consisting of 60% CO, and 40%
N, received high odor scores, and they had an effect
on high ratings of overall acceptability, consider-
ing that odor is the most significant sensory attrib-
ute in the evaluation of freshness and acceptability
of fish as food. The odor of carp steaks packaged
in MAP1 was evaluated as unacceptable on day 15
of the experiment, while in samples packaged in
MAP2, odor was judged as unacceptable on day 12.
The odor of vacuum packaged samples was evaluat-
ed as unacceptable on day 9.

The results of numerous studies indicate that
samples of fish packaged in various gas mixtures
have always shown higher sensory estimates of
overall acceptability and, hence, a longer shelf-life
in comparison with the fish stored primarily in the
air, but also vacuum packaged fish. The results of
the present study showed that the highest average
rates of overall acceptability, which also proved to
be significantly higher (p< 0.05), were established
for carp steaks packaged in an atmosphere consist-
ing of 60% CO, and 40% N,. Carp steaks with some-
what smaller average ratings of overall acceptability
were packaged in a mixture of gases with 40% CO,
and 60% N,; the lowest average ratings of overall
acceptability were those of vacuum packaged sam-
ples. Statistically significantly higher sensory rat-
ings during storage were established by Masniyom
et al., 2002 for samples of sea bass fillets packaged
in various mixtures of gases in relation to fish stored
in air. Similar results were obtained by Goulas and
Kontominas, 2007, who examined modified atmos-
phere packaged and vacuum packaged mackerel.
Such results can also be a confirmation of Murcie et
al., 2003, who found that food packaged in a modi-
fied atmosphere retains a better appearance in com-
parison with vacuum packaged food.
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4. Conclusion

Different gas mixtures as well as vacuum pack-
aging did not significantly affect the changes in
meat color and meat texture of carp steaks, and they
remained characteristic until the end of the exper-
iment. The freshness and acceptability of fish was
most influenced by the average ratings of odor, so
based on the results of the present study, it can be
concluded that the shelf-life of carp steaks packaged

in the gas mixture consisting of 60% CO, and 40%
N, (MAP1) was 12 days, while samples packaged
in a mixture of gases with 40% CO, and 60% N,
(MAP2) were acceptable for 9 days. The shelf-life
of carp steaks packaged in vacuum was 7 days.

The gas mixture consisting of 60% CO, and
40% N, proved to be the most suitable for packag-
ing fresh carp steaks regarding the selected sensory
characteristics of meat color, meat texture, odor and
overall acceptability.
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