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1. Introduction

The fact that fresh fish is a highly perisha-
ble food item (pH > 6.0; water activity > 0.98) has 
influenced producers to focus on finding the opti-
mal method of fish preservation. However, in recent 
years, consumers around the world have increasing-
ly demanded that fresh fish be available at all times, 

as it has the most desirable sensory characteristics 
(Babic Milijasevic et al., 2023; Esteves et al., 2021). 
This trend has led to the development of an efficient 
modified atmosphere packaging (MAP) concept, 
which ensures a longer shelf life and preserves key 
freshness parameters (Gimenez et al., 2002).

Gas mixtures with high concentrations of 
CO₂ and N₂ have attracted the most attention from 
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researchers dealing with fish packaging issues over 
the past decade (Zhang et al., 2021). However, the 
impact of modified atmosphere packaging on the 
shelf life of fresh fish and the most suitable gas mix-
ture depends on the type of fish being packaged, fat 
content, initial microbial contamination, handling 
after catch, the volume ratio of gas to product in the 
package, and most importantly, the packaging meth-
od and storage conditions (Sivertsvik et al., 2002; 
Bøknæs et al., 2000). In some cases, MAP can neg-
atively affect the quality of packaged fish due to the 
dissolution of CO₂ in the fish meat, leading to the 
formation of carbonic acid (Babić Milijašević et al., 
2018). At lower pH values, the water-binding capac-
ity of the fish meat decreases, causing the release 
of meat juice in the package, which serves as an 
ideal medium for the growth of spoilage microor-
ganisms (Sivertsvik et al., 2002; Goulas and Kon-
tominas, 2007). For these reasons, it is essential to 
determine the optimal gas ratio in the mixture based 
on the characteristics of the packaged product and 
the packaging system.

The level of total volatile basic nitrogen (TVB-
N) is considered a chemical indicator of fish fresh-
ness. TVB-N consists of compounds responsible for 
the unpleasant odour and taste of fish meat, includ-
ing ammonia, dimethylamine (DMA), trimethyl-
amine (TMA), amines formed through the decar-
boxylation of amino acids, as well as other nitrogen 
compounds that become volatile in their alkaline 
form (Debevere and Boskou, 1996; Ruiz-Capillas 
and Moral, 2005). Ammonia is produced by bac-
terial deamination of proteins, peptides, and amino 
acids, as well as the autolytic degradation of aden-
osine monophosphate (AMP). Dimethylamine and 
trimethylamine result from the breakdown of tri-
methylamine oxide (TMAO), a compound that plays 
a significant role in osmoregulation and whose pres-
ence has been confirmed in all marine and many 
freshwater fish species. Due to the activity of endog-
enous fish enzymes, TMAO is degraded, leading 
to the formation of DMA and formaldehyde (Huss, 
1995).

The aim of this study was to examine the 
impact of modified atmosphere packaging and vacu-
um packaging on changes in the TVB-N in the meat 
of perch (Stizostedion lucioperca) and common sil-
ver carp (Hypophthalmichthys molitrix), and to 
determine the most suitable gas mixtures for pack-
aging these two freshwater fish species.

2. Materials and methods 

The perch (Stizostedion lucioperca) used in 
the experiment were raised under identical condi-
tions and originated from a semi-intensive farming 
pond. For the study, 40 one-year-old perch with a 
mean weight of 320 g were selected. The fish were 
transported alive from the farm to the processing 
facility, where they were placed in a reception tank 
and then stunned using electric current. Slaughter-
ing and evisceration were performed using an auto-
matic device, while carcasses were washed manual-
ly under running water.

The silver carp (Hypophthalmichthys moli-
trix) came from a fish farm where a semi-intensive 
farming method was applied. For the study, 10 two-
year-old silver carp with a mean weight of 2.5 kg 
were used. The silver carp were transported alive 
to the processing facility, where they were stunned, 
slaughtered, and descaled.

Fish carcasses were then cut into 4 cm thick fil-
lets, with each carcass yielding 6 fillets. Three sample 
groups were formed, each consisting of 18 cleaned 
perch or silver carp fillets. The first two groups were 
packed using MAP with different gas ratios: 70% 
CO₂ + 30% N₂ (Group I) and 50% CO₂ + 50% N₂ 
(Group II), while the third, control group was vacu-
um-packed. The samples were packaged using a Var-
iovac machine (Variovac Primus, Zarrentin, Germa-
ny). The packaging material was OPA/EVOH/PE 
film (oriented polyamide/ethylene vinyl alcohol/pol-
yethylene, Dynopack, Polimoon, Kristiansand, Nor-
way) with low gas permeability (O₂ permeability: 
3.2 cm³/m²/day at 23 °C; N₂: 1 cm³/m²/day at 23 °C; 
CO₂: 14 cm³/m²/day at 23 °C; and water vapor: 15 
cm³/m²/day at 38 °C). The gas-to-sample ratio in the 
packaging was 2:1. Throughout the study, all pack-
ages of fish were stored under identical conditions 
at 3 °C. Determination of TVB-N was performed on 
days 1, 4, 7, 9 and 14 of storage.

The total volatile basic nitrogen (TVB-N) was 
determined using the EU reference method, as spec-
ified in Commission Regulation (EC) (2005).

For statistical analysis (mean value, variation 
measures, variance analysis, and t-test), the Micro-
soft Office Excel 2016 software package was used. 

3. Results and discussion

The mean TVB-N levels in perch packed in 
the modified atmospheres and in vacuum packaging 
are presented in Figure 1. Based on the displayed  
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results, it can be observed that on day 1, the 
mean TVB-N content in all three groups of perch 
(8.00±0.32, 9.40±0.46, and 8.70±0.31 mg N/100 
g) did not differ significantly (p > 0.05). The mean 
TVB-N content in group I (14.55±0.60 mg N/100 g) 
and group II (13.15±0.98 mg N/100 g) after seven 
days of storage showed a statistically significant dif-
ference (p < 0.001) compared to the mean TVB-N 
content in group III (16.46±1.00 mg N/100 g). No 
statistically significant difference (p > 0.05) was 
found between TVB-N levels in groups I and II on 
day 7. On day 14, a statistically significant differ-
ence (p < 0.001) was established between the mean 
TVB-N levels in group I (17.00±0.93 mg N/100 g), 
group II (25.00±0.81 mg N/100 g), and group III 
(36.18±2.65 mg N/100 g).

The mean TVB-N levels in silver carp fillets 
packed in the modified atmosphere and vacuum 
packaging are presented in Figure 2.

On day 1, no statistically significant differ-
ence (p > 0.05) was found between the mean TVB-N 
(16.15±0.84, 15.45±0.78, and 15.05±0.27 mg N/100 
g) in silver carp fillets. On day 7, the mean TVB-N 
value in group I (19.01±0.78 mg N/100 g) was the 
lowest and showed a statistically significant differ-
ence (p < 0.05) compared to group III (24.90±1.74 
mg N/100 g). The difference between TVB-N lev-
els in group II (20.86±0.75 mg N/100 g) compared 
to group III was also statistically significant at p < 
0.001. No statistically significant difference (p > 
0.05) was found between the mean TVB-N levels in 
groups I and II on day 7. On day 14, the lowest mean 

Figure 1. Mean TVB-N levels in perch packaged in modified atmosphere (MAP) and 
vacuum (control).

Figure 2. Mean TVB-N levels in silver carp packaged in modified atmosphere (MAP) 
and vacuum (control).
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TVB-N level was found in silver carp from group I 
(20.64±1.48 mg N/100 g), whereas the highest was 
observed in group III (34.10±1.75 mg N/100 g). 
The mean TVB-N level in group II on day 14 was 
26.74±0.31 mg N/100 g. The differences between 
the mean TVB-N levels in all three groups of sil-
ver carp fillets on day 14 were statistically signifi-
cant (p < 0.001).

Arahisar et al. (2004) found that the initial 
TVB-N level in trout fillets was 12 mg N/100 g, while 
Ježek and Buhtova (2010) reported an initial TVB-N 
of 16.25±0.79 mg N/100 g in carp fillets. The differ-
ences in TVB-N levels in the fish compared to those 
measured in our study could be attributed to varia-
tions in the non-protein nitrogen content of fish meat, 
which depends on diet, time of catch, fish size, and 
microbiological quality (Connell, 1990).

The observed differences in TVB-N levels 
between our MAP test groups can be explained by 
the higher percentage of CO₂ in the gas mixture used 
to pack group I. The primary role of CO2 in MAP 
packaging technology is to inhibit microbial growth, 
especially spoilage bacteria, which produce volatile 
nitrogen compounds through their metabolic activity.

There is no established limit for TVB-N in 
perch meat in the literature, but we consider 25 mg 
N/100 g as a critical threshold. In our study, TVB-
N levels in MAP-packed perch (groups I and II) 

remained below this threshold throughout the stor-
age period, whereas in vacuum-packed perch (group 
III), the mean TVB-N reached 36.18±2.65 mg 
N/100 g on day 14, significantly exceeding the rec-
ommended limit for perch freshness. 

Milijašević et al. (2010) examined the inhibito-
ry effect of CO₂ on TVB-N content in carp (Cypri-
nus carpio) fillets, confirming that the lowest TVB-
N level was recorded in carp fillets packed in a 
modified atmosphere containing 100% CO2. Simi-
larly, Ježek and Buhtova (2010) found lower TVB-
N in carp (Cyprinus carpio) fillets packed in MAP 
(69% N₂ + 25% CO₂ + 5% O₂ + 1% CO) compared 
to fillets stored under refrigeration at 2 °C. These 
authors recommend a maximum acceptable TVB-N 
limit of 20 mg N/100 g in carp meat.

In our study, TVB-N values in MAP-packed 
silver carp fillets (groups I and II) reached this rec-
ommended limit on day 14, while in vacuum-packed 
fish (group III), the limit was reached on day 7.

4. Conclusion

Based on the obtained results, it can be con-
cluded that, in terms of the selected chemical param-
eter, TVB-N, the most suitable gas mixture for pack-
aging fresh perch and silver carp fillets was the 
mixture containing 70% CO2 and 30% N2.
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