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Background. During ice storage of fish a series of biochemical changes occur at a relatively rapid pace. The
changes involve both nitrogen compounds and the lipid fraction. Lipid damage, through hydrolysis and oxidation
reactions, can lead to important losses in nutritive value and quality during chilled storage. Oxidised lipids are a
source of free radical compounds and highly reactive peroxides. The aim of this study was to assess the quality of
two economically valuable species of Baltic fish, especially the quality of lipids, during storage in ice.

Materials and methods. The analysis involved two Baltic fish: cod, Gadus morhua Linnaeus, 1758—a lean fish
(about 1% of fat in flesh) and flounder, Platichthys flesus (Linnaeus, 1758)—an average-fat fish (about 4% of
fat in flesh). Descriptive testing was used for quality determination of fish and the chemical changes of nitrogen
compounds (TVB-N)(Total volatile bases nitrogen) and lipids (PV—peroxide value and AsV—anisidine value)
were analysed. Changes of FA (fatty acids) were based on the qualitative interpretation of chromatograms.
Results. In cod, peroxide value reached after 10 days a value of 45.47 mg O* - 100 g! of lipids. In flounder
peroxide value reached the maximum of 26.98 mg O* - 100 g ! after 12 days. The initial anisidine values did not
differ significantly and remained at a similar level during storage. It was found that the most significant changes
involved loss of EPA. After fifteen days flounder lost approximately 6.81 mg of EPA - g™! of fat (about 10% of
initial amount), whereas cod about 9 mg EPA - g'! of fat (about 26.5% of initial amount). The observed loss of
DHA was much lower, in particular in flounder.

Conclusion. Different dynamics of oxidative changes were observed. In cod primary oxidation products increased
linearly but in flounder such dynamic growth occurred after 12 days of storage still being almost twice as low as
that of cod. No significant differences were observed in the secondary oxidation products between the fish. The
level of PUFA and especially the level of EPA and DHA decreased. The loss of PUFA were higher in the lipid
fraction of cod than flounder and were respectively about 2 pp and about 0.4 pp for each day of storage. Moreover,
the dynamics of loss of EPA was greater than DHA.
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INTRODUCTION

Fish, due to their specific chemical composition
and the characteristics of their environment require
particularly strict storage conditions. To ensure their best
possible quality, captured fish are gutted and cooled in ice.
The purpose of such a treatment is to keep their tissues
fresh for the longest possible time and to preserve their
high nutritional value (Simopoulos 1997). Iced storage

is an important preservation method to maintain the
quality of fish during handling and storage. However, it
could not completely inhibit biochemical reaction and
bacteriological activity, which result in affecting odour,
flavour, colour, texture, and nutritional values of fish (Gao
et al. 2014). Maintaining high quality and safety of stored
fish material is a challenge for both the fishermen and the
producers. Most often several days pass between catching
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fish and their landing. During ice storage of fish a series of
biochemical changes occur at a relatively rapid pace. The
changes involve both nitrogen compounds (Huidobro et
al. 2001) and the lipid fraction (Widjaja et al. 2009, Sae-
leaw and Benjakul 2014). Among different mechanisms
responsible for fish deterioration during storage on ice,
lipid damage, through hydrolysis and oxidation reactions
of the lipid fraction, can lead to important losses in
nutritive value and quality during chilled storage (Simat
et al. 2015). While changes of nitrogen compounds are
accompanied by formation of compounds emitting intense
unpleasant odour, in the case of changes in lipid quality,
for lean fish in particular, such compounds are formed at
a much later stage (Harris and Tall 1994). Lipid oxidation
is associated with the development of undesirable odour,
especially fishy odour, in fish stored for an extended
period of time (Magsood and Benjakul 2011b, Farvin et
al. 2012). Therefore, it is critical to monitor the freshness
of the raw material not only by evaluating the quantity
of volatile nitrogen compounds (TVB-N) (Gill 1990), but
also by assessing the quality of lipids (Gao et al. 2014).
The EU regulations (Anonymous 2004) specify that
food business operators are to carry out specific checks
in order to prevent fishery products, which are unfit for
human consumption, from being placed on the market.
Those checks also include the total volatile base nitrogen
(TVB-N) limits, which are not to be exceeded. Another
EU regulation (Anonymous 2008) defines acceptable
levels of TVB-N for various families of fish and provides a
straightforward answer whether the product is acceptable
or not. It is necessary to set levels of TVB-N that are not
to be exceeded in the case of certain species categories and
to specify the analysis methods to be used. The analysis
methods that are scientifically recognised for checking
TVB-N should continue to be used as a matter of routine,
but a reference method should be specified for use where
there is doubt regarding the results or in the event of
dispute (Anonymous 2005).

There has been little research on the changes in lipid
quality that particularly focuses on lean fish, such as cod,
or fish with an average fat content, such as flounder. The
majority of the available literature involves research
on storage of fat fish, such as trout (Kotakowska et al.
2006b), sardine (Losada et al. 2004), halibut (Guillerm-
Regost et al. 2006), pompano (Gao et al. 2014), or silver
carp (Shi et al. 2014). Development of fishy odour in sea
bass and red tilapia muscle was primarily associated with
lipid oxidation (Thiansilakul at al. 2010). In addition,
lipid oxidation induced by lipoxygenase was responsible
for a strong fishy odour in silver carp mince (Fu et al.
2009). Moreover, fishy odour in protein hydrolysate
caused by lipid oxidation was reported by Yarnpakdee
et al. (2012). The processes of hydrolysis and oxidation
of lipids are hard to detect with senses, particularly in
case of lean fish. These processes are nonetheless a
major threat to the quality and safety of raw fish material.
Oxidised lipids are a source of free radical compounds
and highly reactive peroxides. They can also interact
with other components of raw material, such as proteins,

causing their denaturation, deterioration of the tissue and
the consequent loss of nutritional value (Verma et al.
1995, Kotakowska 2010).

The cod, Gadus morhua Linnaeus, 1758, is one of eco-
nomically important species of Poland and is also target-
ed by fisheries fleets of other Baltic countries. The other
species, the flounder, Platichthys flesus (Linnaeus, 1758),
is either purposely captured in the frames of the fishing
quotas allocated by ICES or comes as a bycatch of the cod
fishery. In 2017, the ICES Baltic Sea quotas for flounder
were 41 196 t, while for cod 27 911 t (Anonymous 2016b,
2016c¢), although the European Commission has proposed
26 515 t (Anonymous 2016d). Cod due to its attractive
white colour of flesh, delicacy, and high nutritional val-
ue, are often used to produce ready-to-eat products and
other high quality fish products, which are well suited for
human consumption. Flounder is characterized by white,
medium fat, and very delicate flesh. It is quite neutral in
flavour, so is ideal for baking, cooking, stewing or grilling,
and even smoking.

MATERIALS AND METHODS

Materials. Analyses were carried out on raw flesh tissue
of two species of Baltic fish: cod and flounder. These fish
were caught in April and May, respectively on the fishing
grounds of the south-western Baltic Sea. After the capture,
the fish were gutted and iced in PVC boxes with perforated
bottom. Additional portion of ice was placed on top of
each batch. The containers were kept at 2 £ 0.5°C. The
ratio of fish to ice was 1 = 1. The gutted fish were placed
the gut cavity down. The storage temperature was checked
daily and additional ice was added every few days. The
fish for assays were randomly selected starting from the
day of the assumed death (about 12 h after capture) which
was defined as day 1, as well as after 3, 5,7, 10, 12, and 15
days of storage. Each time five gutted fish were selected
and two fish of each treatment were subjected to sensory
evaluation, while chemical assays were performed on
three fish. The fish were filleted and ground with their skin
by means of an electric meat grinder with a 2 mm diameter
cutting plate.

Analytical techniques. Descriptive testing was used for
quality determination and shelf life studies applying a
structured scaling method. Structured scaling gives the
panellist an actual scale showing five degrees of intensity:
0 = fresh seaweed-like smell, 1 = odourless, 2 = slight
fishy odour, 3 = significant fishy odour, 4 = strong fishy
odour, 5 = totally off odour. A 5-point scale was used as
described sensory changes, and an overall impression of
odour, was evaluated in an integrated way. Descriptors
was carefully selected on the basis of FAO 29 (Huss 1988),
and panellists trained following ISO 5496 (Anonymous
2006). Odour tests were conducted on raw samples using
five trained assessors. Prior to the evaluation, the panellists
were trained three times a week. Each panellist received a
different but identically treated pack to sniff. All samples
were kept on ice until evaluation. The packs (one portion)
were opened and sniffed immediately. The scores of the
five assessors were averaged.
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TVB-N (Total volatile bases nitrogen) was determined
by Conway and Byrne (1933) method according to
the Commission Regulation (EC) No 2074/2005 of 5
December 2005 (Anonymous 2005).

Lipids were extracted from raw tissue with a
chloroform—methanol mixture (1 + 1 v/v) according to
Bligh and Dyer (1959), and extraction was performed
twice. The lipid content was determined gravimetrically, by
evaporating a defined amount of extract. Peroxide values
(PV) of lipids were determined using the thiocyanate
technique (Pietrzyk 1958) based on the oxidation of ferrous
salt by hydroperoxides and the reaction of ferric salts
with potassium isothiocyanate. The red ferric complexes
formed were determined spectrophotometrically. The
results are expressed as mg active oxygen - 100 g! lipids.
Anisidine value (AsV) were determined according to
ISO standard (Anonymous 2016a). The obtained PV and
AsV were approximated with curves that most accurately
represented the empirical data. For each curve, a chi-
squared (v?) value was given, which represented the curve
fitting to the empirical values.

Fatty acids analysis. Fatty acid methyl esters (FAMEs)
were obtained from the tissue by alkaline hydrolysis of
extract of lipids with 0.5 M mol - dm™ mol - L' sodium
methylate (CH,ONa). Details of the analysis have
been described in an earlier study (Domiszewski and
Bienkiewicz 2010). Next, the FAMEs were separated
using a gas chromatography apparatus, coupled with a
mass spectrometer (Agillent Technologies 7890A) and
equipped with a split/splitless type injector. Conditions
of FAMEs separation were as follows: column
SPTM 2560, catalogue No. 24056; carrier gas (helium)
at a constant flow rate of 1.2 cm?®- min™!; split 1 + 50;
injector temperature: 220°C; detector temperature:
220°C; programmed furnace temperature: 140°C (5 min)
increased to 240°C at a rate of 4°C - min™'; analysis time:
45 min. The qualitative interpretation of chromatograms
was based on the comparison of retention times and mass
spectra of the particular FAMEs of the sample with those
of analogous FAME standards by Sigma company (Lipid
Standard). As an internal standard, nonadecanoic acid
methyl ester was used.

Statistical analysis. Numbers presented in tables are
the mean values of triplicate analysis. The statistical
analysis was based on the one-way analysis of variance,
homogeneous groups were formed according to the
Duncan test for P = 0.05. The data were statistically
analysed using STATISTICA (data analysis software
system) 2010 version by StatSoft Inc.

RESULTS

Sensory analysis. Initially, both fish received the highest
possible score during the sensory analysis. As the storage
progressed, the differences in the assessed quality between
the fish started to become apparent (Fig. 1). Before day 5 of
storage, these differences were statistically insignificant,
and the rates of odour degradation were very similar. Only
as late as between day 7 and 15 a significant change in
the dynamics of odour degradation was observed. After

10 days of storage, the neutral odour score for flounder
was 3.75, whereas for cod it was lower than 1.75—a result
below the acceptance level.
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Fig. 1. The results of the odour sensory evaluation of
flounder and cod stored in ice for 15 days

TVB-N changes. The changes in the sensory evaluation
outcomes correlated with the changes in nitrogen
compounds expressed as TVB-N. Table 1 shows the
changes in TVB-N during storage. Initially the TVB-N
values of cod flesh were lower than in flounder flesh till
day 7 day of storage. Since day 10, TVB-N values of
flounder samples were lower (P < 0.05) and the amounts
of TVB-N at day 10 of storage were 13.48 mg - 100 g
and 16.48 mg - 100 g!, respectively. This value was not
higher than 30 mg -100 g' for flounder and 40 mg - 100 g
for cod during the storage time.

Qualitative changes in lipids. Table 1 shows fat content
in the flesh of two species under comparison. The content
of fat was evaluated simultaneously with other parameters
for the period of storage in ice. The compared species
differed substantially in terms of fat content.

Figure 2 shows the changes in primary products of
lipid oxidation expressed as peroxide value. In the case of
cod, peroxide value reach, after 10 days, a value of 45.47
mg O* - 100 g of lipids. However, for flounder, after day
12 of storage, peroxide value reached the maximum of
26.98 mg O* - 100 g! on day 10, while still being almost
twice as low as that of cod.

Figure 3 shows the changes in secondary products of
lipid oxidation expressed as anisidine value. No significant
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differences were observed in the amounts of these products
between the compared species during their storage in ice.
The initial anisidine values did not differ significantly and
amounted to 1.55 for cod and 1.12 for flounder. These
values remained at a similar level for the first 7 days of
storage. After day 7, AsV dramatically increased, reaching
on day 15, the values14.01 and 10.79 for flounder and
cod, respectively.

Changes in fatty acid composition. A comparison of
the content of fatty acids (Table 2 and 3) of the analysed
species revealed that cod lipids contained twice as
much polyunsaturated fatty acids (PUFA) than flounder
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Fig. 2. Changes in peroxide value (PV) in cod and flounder
during storage in ice for 15 days (n =5)

lipids. Significant differences were also observed in
the amount and percentage of the particularly valuable
and nutritionally essential fatty acids: eicosapentaenoic
(EPA) and docosahexaenoic (DHA). The amounts of these
acids for cod were respectively 33.54 and 83.32 mg - g! of
fat, whereas for flounder these numbers were reversed: the
amount of EPA was 67.54 mg - g*!' of fat, and for DHA it
was 42.77 mg - g”! of fat.

It was found that for flounder the loss of
SFA, MUFA, and PUFA were very similar (5.6%, 4%, and
5.9%, respectively) during the storage time but for cod
the losses depended on the group of fatty acids. In case
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Fig. 3. Changes in anisidine value (AsV) in cod and
flounder during storage in ice for 15 days (n =5)

Table 1
Changes in lipid, water, and total volatile bases nitrogen (TVB-N) in cod and flounder during storage in ice for 15 days (n = 5)
Flounder Cod
Day of storage Water TVB-N Fat Water TVB-N Fat
(%] [mg - 100 g'] [7o] [%] [mg- 100 g"] [%]
1 73.44+£0.08* 4.11+0.11* 429+0.11° 77.44+0.11* 3424031 1.17 £0.05*
3 73.14 +0.09* 5.88+£0.26 % 4.28 +£0.07* 77.15+0.12* 5.12+£0.48 % 1.14+0.07*
5 72.64 +£0.10° 7.81 £0.47 4 4.55+0.02° 7743 £0.13* 5.124+0.49 % 1.14 £ 0.08°
7 72.08 £ 0.10° 10.54 £ 0.27 9 4.65+0.21° 76.42 + 0.83% 9.86+0.33 * 1.28 £0.11°
10 71.94 +£0.51® 13.48 £1.94 A 5.02 £ 0.08° 75.01 £ 0.94° 16.48 £2.52 4B 1.67+£0.18°
12 70.98 +0.32° 16.82+£0.95 % 4.92 +£0.09° 75,21 +£0.95*  29.95+1.06 1.27 £0.39*
15 70.64 + 0.63° 27.55+£0.76 & 5.02 +£0.23° 73.01 + 1.06¢ 38.88 £2.07 ® 1.29 +0.30?
Table 2
Changes in fatty acid composition in flounder during 15-day storage in ice (n = 3)
Fatty acid content [mg acid - g of lipid]
Fatty acid
Day 1 Day 3 Day 5 Day 7 Day 10 Day 12 Day 15
SFA 296.67 £ 11.14 290.82 + 11.96 290.77 + 12.04 289.65 +21.08 289.40 += 31.22 280.63 +£22.48 280.01 £ 13.52
MUFA 446.18 £11.92 437.22 + 11.55 436.82 + 11.15 436.23 £21.06 436.03 +22.63 429.85 + 14.06 428.12 + 15.09
PUFA 179.25+£ 11.77 175.81 £ 11.91 17498 +1.85 174.72+11.19 171.78 £ 11.78 170.85 + 12.51 168.74 £ 22.96
EPA 67.94+0.11* 66.60+0.09° 6649 +0.25 66.34+0.16° 64.57+0.14° 62.81+0.22¢ 61.05+0.88¢
DHA 42.77+£0.19° 41.92+£0.06® 41.52+0.43> 41.76+0.09* 41.41+0.04> 40.06+0.43° 40.71 £0.36°
Total fatty acids 922.11 903.86 902.57 900.61 897.23 881.33 876.87

SFA = saturated fatty acids, MUFA = monounsaturated fatty acids, PUFA = polyunsaturated fatty acids, EPA = eicosapentaenoic acid,
DHA = docosahexaenoic acid; Superscript values represented by the same lower-case letters in row are not significantly different from each
other with P < 0.05; superscript values represented by the same low-case letters in column are not significantly different from each other
with P < 0.05; superscript values represented by the same capital letters in rows (for the same parameter between fish) are not significantly
different from each other with P <0.05.
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of SFA the loss was about 6% of initial amount of this
group of fatty acids. Slightly higher loss was found for
MUFA, amounting to 9%, and the biggest loss was found
for PUFA (about 26%) (Table 2 and 3). Furthermore,
for both flounder and cod, the most significant changes
involved loss of EPA during storage. Flounder, after
15 days of storage in ice, lost approximately 6.81 mg
of this acid, whereas for cod the EPA loss amounted to
about 9 mg. The observed loss of DHA was much lower,
in particular in case of flounder. This loss in case of cod
was more noticeable, but still much lower than the loss of
EPA, with the amount being twice as low (Table 2 and 3).

DISCUSSION

The main objective of this study was to analyse the
changes in lipid quality of lean fish and fish with average
fat content, caught in the same body of water and during
the same fishing period, and stored in ice for 15 after
gibbing. It was demonstrated in the presently reported
study that if fish such as cod or flounder are stored in ice,
their lipid oxidation level substantially rises throughout
the period of storage in ice, whereas the level of valuable
nutritional fatty acids EPA and DHA decreases. Different
dynamics of oxidative changes were observed for flounder
and for cod. Moreover, differences were found between
the compared species in the dynamics of change in the
amount of EPA and DHA—the loss of EPA was greater
than DHA during the storage of the fish in ice.
Sensory analysis. The sensory quality (odour) of the
analysed fish varied depending on the time of storage in
ice. The garlic- and sour smell of the fish were the reason
of the difference in sensory quality. Cod, on day 12 of
storage, revealed noticeable fishy and ammonia smell—
an indicator of advanced decomposition of nucleotides
(Tanimoto et al. 1999) and decomposition of nitrogen
compounds, in particular reduction of TMAO (Antoine
et al. 2002). Such changes are typical for active marine
fish such as cod (Wheaton and Lawson 1985). The change
in flounder smell was noticeable to a much lesser extent.
After 12 days of storage, a fishy smell was noticeable, with
no ammonia odour. This may be linked to a significantly
lower activity of endogenous enzymes of flounder, whose
activity, as a benthic fish, is much lower compared to cod
(Fik 1972).

There was a relation between the sensory and the
nitrogen compounds expressed as TVB-N. This index is
commonly used to assess the quality of fresh fish (Sikorski
2004, Howgate 2010, Garcia-Sato et al. 2013), and frozen
fish (Sikorski 2004) as well as fish products (Kotakowski
et al. 2004). The TVB-N and TMA-N are produced by
bacterial spoilage and endogenous enzymes. The amount
of TVB-N in fresh fish is about 10 mg - 100 g! (Metin et
al. 2001, Koral et al. 2009) and during cold storage can
increase several times in relation to the amount in fresh
material (Koral et al. 2009). According to EU regulations
(Anonymous 2008), the maximum concentration of
volatile basic nitrogen (TVB-N) in fish products should
not exceed 35 mg - 100 g™! of tissue. Between 10 and 15 mg
of TMA-N - 100 g' of fish product is generally accepted
to be the upper limit of its suitability for consumption by
people (Huss 1988).

Transformations of nitrogen compounds and
nucleotides significantly affect sensory acceptability of
raw fish and determine its usefulness. However, during
cold storage, apart from the transformations of nitrogen
compounds and nucleotides, also lipids undergo qualitative
change that affects the final quality of the fish. An analysis
of this phenomenon is the main objective of this study.
Qualitative changes in lipids. There was a statistically
insignificant increase in the extractability of fat from
muscle tissue versus storage time. It was closely correlated
with the loss of water. It was assumed that the different
fat content and completely different living environments
of the compared species significantly contributed to the
dynamics and type of changes in lipid quality.

Different growth rates of peroxide value were observed
(Fig. 2). For cod, peroxide value increased linearly with
storage time. However, for flounder, such dynamic growth
occurred as late as after day 12 of storage. Similar studies
were conducted for cod by Aubourg and Medina (1999)
who assessed the effects of freeze-storage at two different
temperatures on the changes in lipid quality. These authors
found a strong correlation between time and temperature
of storage, and growth rate of primary products of lipid
oxidation in cod flesh. Significantly greater growth rate of
primary oxidation products in comparison with flounder
may be a result of different composition of lipids of these
two species. For cod, a lean fish, the dominant faction are

Table 3
Changes in fatty acid composition in cod during 15-day storage in ice (n = 3)
Fatty acid content [mg acid - g™! of lipid]
Fatty acid
Day 1 Day 3 Day 5 Day 7 Day 10 Day 12 Day 15
SFA 225.88 £ 11.05 222.08 £ 11.19 221.04 £21.15 213.25+21.77 212.74+11.14 212.43 £21.12 212.05+26.17
MUFA 375.23 +£22.36 373.54 +31.14 371.36 £ 31.63 366.83 £21.94 360.74 + 11.98 358.09 +31.01 341.26 +36.19
PUFA 330.59 £ 10.23 330.41 £21.14 325.96 +21.27 319.74 £ 12.19 301.95 +21.17 276.45 £ 28.19 243.12 +8.84
EPA 33.54+0.69° 31.49+1.01> 29.46+0.36° 28.47+0.72¢ 2748+0.13¢ 2596+1.02" 24.66+0.58"
DHA 83.32+£1.09* 81.23+1.14* 80.12+0.85° 79.57+0.09° 7841+0.74¢ 7826+1.33¢ 76.11+1.03¢
Total fatty acids 931.72 926.04 918.36 899.84 875.43 846.88 796.43

SFA = saturated fatty acids, MUFA = monounsaturated fatty acids, PUFA = polyunsaturated fatty acids, EPA = eicosapentaenoic acid,
DHA = docosahexaenoic acid; superscript values represented by the same lower-case letters in row are not significantly different from each
other with P <0.05.
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phospholipids, whose composition includes a large amount
of polyunsaturated fatty acids, which causes such lipids
to undergo oxidation processes earlier than others and at
the greatest rate (Kotakowska 2010). On the other hand,
flounder flesh contains more fat, its lipids are composed
mainly of acylglycerols that are first hydrolysed and then
undergo oxidation. This is also confirmed by the analyses
carried out within this study, which revealed faster increase
of acid value for flounder than for cod (Fig. 4).
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Fig. 4. Changes in acid value (AV) in cod and flounder
during storage in ice for 15 days (n =5)

Tissue enzymes such as lipoxygenase and lipase may
be another factors contributing to the rapid increase in the
amount of oxidation products and free fatty acids, for fresh
fish, not subjected to thermal treatment, these enzymes are
not inactivated and may have a substantial impact on the
changes in lipid quality (Wang et al. 1991). Lipoxygenase
may play a special role in the lipid oxidation process—it
is a catalyst for oxidation of free or esterified fatty acids
(Baysal and Demirdéven 2007, Kotakowska and Bartosz
2010). Pro-oxidants present in muscle tissue and the parts
of viscera remaining after gibbing, which were washed
out by the melting ice might be other factors affecting the
oxidation potential of the compared fish species. In this
case myoglobin might be the main pro-oxidant (Undeland
et al. 2004, Neira et al. 2011). It plays an important role
in oxidation of muscle lipids, especially in the presence
of peroxides and hydroperoxides, in which case it can
be converted to ferryl myoglobin, thus being the main
source of haematin and free ion iron. These compounds
may not only trigger but also accelerate the process of
lipid oxidation (Min and Ahn 2005). Significant impact of
bleeding ice-stored fish on the process of lipid oxidation
was demonstrated in a study by Magsood and Benjakul
(2011a), who conducted research on bled and un-bled
Asian seabass stored 15 days in ice.

Anisidine value indicates the number of secondary lipid
oxidation products (aldehydes, ketones) formed mainly as
a result of degradation of peroxides (Aidos et al. 2002,
Kamal-Eldin and Pokorny 2005). Therefore, it is possible
that in the case of storing fish in ice for a relatively short
period and at a temperature of approximately 2°C, the
secondary oxidation can be for all intents and purposes
ignored. This period is too short and the temperature
too low for significant degradation of primary oxidation
products and accumulation of aldehydes, in particular

malonic aldehyde. This problem is more noticeable and
emphasised in case of thermal treatment, especially if
heat is applied to muscle tissue. A study by Domiszewski
(2012, 2013) carried out on herring and Baltic sprat,
and by Regulska-Ilow and Ilow (2002), carried out on
herring, showed that applying such forms of treatment
as boiling, frying or grilling results in a decrease in the
amount of primary oxidation products and an increase in
the amount of secondary oxidation products. TBA index
(thiobarbituric acid index) is another indicator of formation
of malonic aldehyde, also as a result of thermal treatment.
An increase in TBA index was observed in a study by
Tokur (2007), who analysed trout flesh, by Turhan et
al. (2011) for anchovy, and by Domiszewski (2013) for
fragmented muscle tissue of heated and cold-stored Baltic
herring. It should be noted that this issue is far more
pronounced for oily fish (Chaijan et al. 2005) and fish oils
(Aidos et al. 2002) than for lean fish (cod) and fish with a
mean fat content (flounder).

Changes in fatty acid composition. This different fatty
acid composition for the analysed species of fish caught
in the same body of water and during the same fishing
period can be attributed to extremely different living
environment, availability of food, competition for food, as
well as the differences related to the annual development
cycle of fish (lipid metabolism) (Kotakowska et al. 2006a).

When comparing the quantitative changes in the
fatty acid during the storage of the fish in ice, the authors
focused exclusively on the analysis of changes in EPA and
DHA, acids that are commonly regarded as the most labile
and susceptible to oxidation (Kotakowska et al. 2006b,
Kotakowska 2010, Domiszewski 2013). It was shown that
the level of SFA, MUFA, and PUFA and especially the level
of valuable nutritional fatty acids EPA and DHA decreases
during storage cod or flounder in ice. Greater reduction
of these groups of fatty acids were in lipid fraction of cod
than flounder. In flounder the loss of SFA, MUFA, and
PUFA were very similar (about 5%) during the storage
time but in cod the losses depended on the group of fatty
acids and the biggest loss was found in PUFA (about 26%).
The loss of PUFA were higher in the lipid fraction of cod
than flounder and were respectively about 2 percentage
points and about 0.4 percentage point for each day of
storage in ice. Very similar results were obtained by Sae-
leaw and Benjakul (2014) except for SFA changes. Authors
demonstrated similar changes of MUFA and PUFA during
storage of sea bass in ice. MUFA and PUFA decreased
during storage time, while SFA increased.

Furthermore it was found that, for both flounder
and cod, the most significant changes involved loss of
EPA during storage. It can be concluded that the differences
in the amount of loss between these acids during storage
in ice are reflected in the dynamics of oxidative changes
and the formation of lipid oxidation products, as shown in
Fig. 2. The relation between the loss of the total EPA and
DHA and the increase in fish lipid oxidation was observed,
among others, by littrepotch et al. (2006), based on an
analysis of cooked and fridge-stored sardine. Additionally,
Domiszewski (2013) proved the existence such relation
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with regard to heating the tissue of Baltic herring and sprat.
A study conducted by Kotakowska et al. (2006a) on whole
and eviscerated trout stored in ice for 15 days showed a
significant change in the percentage of these acids in
the overall amount of fatty acids. The greatest losses of
these acids were observed on day 7 and 14 of storage.
Additionally, Sohn and Ohshima (2010) demonstrated that
EPA and DHA losses occur in case of tuna stored in ice.
The losses of these acids were significantly higher in dark
muscles than in white. The above allows to indirectly prove
that myoglobin affects lipid oxidation and, consequently,
that there is a correlation between the oxidation level and
the loss of these fatty acids.

An important conclusion for the issue of iced storage of
fish is the importance of evaluation of their lipids quality.
This also includes lean fish, because of rapid increase in
oxidation products, and the consequent lowering of the
nutritional value of such fish. The scarcity of the related
research can be attributed to the lack of legal regulations
on the quality (oxidation level) of fish and fish-oil lipids.
During iced storage, the flesh lipid oxidation level of
such fish as cod or flounder substantially rises, whereas
the level of PUFA and especially the level of valuable
nutritional fatty acids EPA and DHA decreases. Moreover,
the loss of EPA was greater than DHA during the storage
of the fish in ice. Furthermore different dynamics of
oxidative changes were observed for these fish. For cod,
peroxide value increased linearly with storage time, but
for flounder, such dynamic growth occurred as late as
after day 12 of storage. However no significant differences
were observed in the amounts of anisidine value between
the compared species during their storage in ice.

Nevertheless, as shown by the work of the European
Parliament within the FAO/WHO, a regulation defining
quality parameters for fish oils is being drafted and should
be published in the near future.
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