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RESUMEN

Efecto de distintas condiciones de refrigeración 
sobre la alteración lipídica en músculo de jurel (Trachurus 
trachurus).

Se estudió el empleo de hielo conteniendo una mezcla 
de ácidos orgánicos naturales (cítrico, ascórbico, láctico) 
como método de refrigeración en jurel (Trachurus tra-
churus). Para ello, se aplicó hielo incluyendo dos concen-
traciones (0.005 y 0.020 %; p/v) de cada ácido (condicio-
nes P-1 y P-2, respectivamente). Se estudiaron los efectos 
producidos sobre el desarrollo de la alteración lipídica en el 
músculo de pescado conservado durante 13 días; asimis-
mo, se realizaron análisis químicos complementarios de 
calidad y de aceptación sensorial. Como resultado de la 
presencia de los ácidos, se observó un pequeño efecto in-
hibidor de la formación de peróxidos y de sustancias reac-
tivas con ácido tiobarbitúrico. Asimismo, las muestras co-
rrespondientes al tratamiento P-2 reflejaron un tiempo de 
vida útil mayor que las pertenecientes a las condiciones 
P-1 y control. La presencia de ácidos en el hielo no produjo 
diferencias en la degradación de nucleótidos ni en la for-
mación de ácidos grasos libres.

PALABRAS CLAVE: Ascórbico – Cítrico – Láctico – Lípi-
dos – Oxidación – Refrigeración – Trachurus trachurus.

SUMMARY

Effect of different icing conditions on lipid damage 
development in chilled horse mackerel (Trachurus 
trachurus) muscle.

This study was aimed at investigating the effect of 
including a mixture of natural organic acids (citric, ascorbic 
and lactic) in the icing medium employed during the chilled 
storage of horse mackerel (Trachurus trachurus). To this 
end, two aqueous solutions including 0.005% and 0.020% 
(w/v) of each acid (P-1 and P-2 conditions, respectively) were 
employed as icing systems. The effects on lipid damage 
development in fish muscle were monitored for up to a 13- 
day storage period; complementary chemical quality and 
sensory acceptance analyses were carried out. According 
to peroxide and thiobarbituric acid reactive substance 
assessment, a slight inhibitory effect was concluded as 
a result of the acid mixture present in the chilling medium. 
At the same time, P-2-treated fish showed a longer shelf 
life than their counterparts belonging to P-1 and control 
conditions. No effect of the acid presence in the icing system 

could be outlined on the nucleotide degradation or the free 
fatty acid formation. 

KEY-WORDS: Ascorbic – Chilling – Citric – Lactic – 
Lipids – Oxidation – Trachurus trachurus.

1. INTRODUCTION

Marine species deteriorate rapidly after death 
owing to the effect of a wide variety of biochemical 
and microbial degradation mechanisms (Whittle 
et al., 1990; Olafsdóttir et al., 1997). Marine lipids 
are known to be composed of highly unsaturated 
fatty acids that are prone to oxidation development, 
which leads to an important effect on fish quality loss 
(Aubourg, 1999; Chaouqy et al., 2008). Accordingly, 
the application of newer and more efficient 
refrigeration systems to the operations involved in 
fish handling and storage has drawn attention to 
enhancing the quality of commercial products. With 
this objective, a number of preservative strategies 
to be combined with flake ice chilling have been 
tested satisfactorily such as previous chemical and 
physical treatments (Toledo-Flores and Zall, 1992; 
Ashie et al, 1996) and packaging (Ozen and Floros, 
2001; Sivertsvik et al., 2002); other strategies have 
included the replacement of flake ice with slurry ice 
(Lago et al., 2010; Aubourg et al., 2010) or chilled 
sea water (Slattery and Forrest, 2006).

Among previous chemical treatments for chilling 
storage, natural low molecular weight organic acids 
and their sodium salts have shown to represent 
a good choice because of their easy availability, 
low commercial cost and wide range of permitted 
concentrations for their use in both European and 
American administrations (Madrid et al., 1994; 
Giese, 1996). Thus, ascorbic and citric acids (AA 
and CA, respectively) are widely known for their 
role as chelators, acidulants in biological systems 
and synergists of primary antioxidants, so that a 
profitable effect on fish fillets (Badii and Howell, 
2002; Kilinc et al., 2009; Pourashouri et al., 2009) 
and whole fish (Aubourg et al., 2004) has been 
observed. Further, lactic acid (LA) has been reported 
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to be effective in suppressing Gram-negative 
bacteria, which are known to be the most important 
fish spoiler group; thus, LA pre-treatment has shown 
to be effective in preserving and extending shelf life 
in fish fillets (Kim et al., 1995; Metin et al., 2001; 
Erkan, 2003), coated fish (Gogus et al., 2006) and 
fish slices (Sallam, 2007).

Small pelagic fish species can constitute food 
products of great economic importance in many 
European countries (FAO, 2007a). Some of these 
species are captured in high proportions when their 
demand is relatively low, so that a large portion of 
their catches is underutilized and transformed into 
fish meal for animals. One such abundant medium-
fat species in the Northeast Atlantic is horse 
mackerel (Trachurus trachurus) (FAO, 2007b). Great 
efforts have been made to enhance its shelf life in 
the frozen state as whole (Simeonidou et al., 1997; 
Aubourg and Ugliano, 2002; Lugasi et al., 2007), 
fillet (Simeonidou et al., 1997; Aubourg et al., 2004) 
or restructured (Sánchez-Alonso et al., 2007; Pazos 
et al., 2008; Eymard et al., 2010) fish products. 
Concerning the horse mackerel chilled storage 
under traditional flake ice conditions, an important 
quality loss has been observed relating to microbial, 
physical, chemical and sensory properties (Smith et 
al., 1980; Mendes, 1999; Aubourg, 2001; Shigemura 
et al., 2003). Therefore, alternative chilling methods 
have been attempted such as refrigerated sea water 
(Smith et al., 1980), liquid ice (Piñeiro et al., 2004) 
and previous irradiation (Mendes et al., 2005) to 
inhibit this quality loss.

The present work focuses on the search for 
appropriate technological treatments that may 
lengthen the shelf-life of whole horse mackerel 
traded as a chilled product. To this end, ice 
including different quantities of CA, AA and LA, 
was tested as a chilling system. The effects on 
lipid damage development in fish muscle were 
monitored for up to 13 days of chilled storage; 
complementary chemical quality and sensory 
acceptance analyses were also carried out. 

2. MATERIALS AND METHODS

2.1. Icing systems

Aqueous solutions including two concentration 
values (0.050% and 0.020%, w/v) of each natural 
organic acid (CA, AA and LA) were prepared, 
packed in polythene bags and kept frozen at 220°C 
until use. Traditional ice was prepared starting from 
water only that was packed and kept frozen in the 
same way as the ones including the organic acid 
mixtures. Before addition to individual fishes, the 
different ices were ground to obtain common flakes.

2.2. Raw fish, processing and sampling

Fresh horse mackerel (117 individuals) were 
caught near the Galician Atlantic coast (north western 
Spain) in Autumn 2010 and transported on ice to 

the laboratory. The length and weight of the fish 
specimens were included in the following ranges: 25-
30 cm and 200-250 g, respectively.

Upon arrival at the laboratory, nine individual 
fishes were separated and considered as starting 
raw fish (day 0). Three different groups (three 
individuals per group) were analyzed independently 
(n 5 3). The remaining fish were divided into three 
batches (36 individuals in each batch). The first 
batch was placed in boxes and directly surrounded 
by ice prepared with the aqueous solution 
including 0.005% of each acid (preserved fish; P-1 
condition). The second batch was placed in boxes 
and surrounded by ice prepared with the aqueous 
solution including 0.020% of each acid (preserved 
fish; P-2 condition). The remaining batch was 
placed in boxes and surrounded by traditional ice 
prepared with water only (control fish; C condition). 
In all batches, a 1:1 fish-to-ice ratio was employed. 
All batches were placed in a refrigerated room 
(4°C). Boxes were allowed to drain and the ice 
was renewed when needed. Fish samples were 
taken for analysis on days 4, 7, 11 and 13. At each 
sampling point, nine individuals from each batch 
were taken for analysis, being classified into three 
groups (three individuals in each group) and were 
studied independently (n53).

2.3. Lipid damage analysis

Lipids were extracted from the fish white 
muscle according to the Bligh and Dyer (1959) 
method, employing a single-phase solubilization 
of the lipids using a chloroform-methanol (1:1) 
mixture. Quantification results were expressed as 
g lipid/ 100 g muscle. 

The peroxide value (PV) was determined in 
the lipid extract by peroxide reduction with ferric 
thiocyanate, according to the Chapman and McKay 
(1949) method. results were expressed as meq 
active oxygen/ kg lipids.

The thiobarbituric acid index (TBA-i) was 
determined according to Vyncke (1970). This method 
is based on the reaction between a trichloracetic acid 
extract of the fish muscle and thiobarbituric acid. The 
content of thiobarbituric acid reactive substances 
(TBArS) was spectrophotometrically measured 
at 532 nm and the results were expressed as mg 
malondialdehyde/ kg muscle.

The formation of fluorescent compounds was 
determined by measurements at 393/463 nm and 
327/415 nm as described by Aubourg et al. (2004). 
The relative fluorescence (rF) was calculated as 
follows: rF 5 F/Fst, where F is the fluorescence 
measured at each excitation/ emission maximum, 
and Fst is the fluorescence intensity of a quinine 
sulphate solution (1 µg/mL in 0.05 M H2SO4) at the 
corresponding wavelength. The fluorescence ratio 
(Fr) was calculated as the ratio between the two 
rF values: Fr 5 rF393/463 nm / rF327/415 nm. The Fr 
value was determined in the lipid fraction resulting 
from the fish muscle extraction (Bligh and Dyer, 
1959).
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The free fatty acid (FFA) content was determined 
in the lipid extract of the fish muscle according to the 
Lowry and Tinsley (1976) method based on a complex 
formation with cupric acetate-pyridine followed by 
spectrophotometric (715 nm) assessment. results 
were expressed as g FFA/kg muscle.

2.4.  Quality loss analysis by non-lipid chemical 
indexes 

Nucleotide degradation analysis was carried out 
starting from 6% perchloric acid extracts from the 
fish muscle according to previous research (ryder, 
1985). The analysis was performed using HPLC, with 
a Beckman device provided with the programmable 
solvent module 126, and the scanning detector module 
167 connected to the System Gold software, version 
8.1 (Beckman Coulter, London, UK). Separations 
were achieved on a reverse-phase Spherisorb ODS-
2 C18 250 x 4.60 mm column (Waters, Milford, MA, 
USA), with an internal particle diameter of 5 µm. 
Standard curves for adenosine 5’-triphosphate (ATP) 
and each compound involved in its degradation 
pathway, adenosine 5’-diphosphate (ADP), adenosine 
5’-monophosphate (AMP), inosine 5’-monophosphate 
(IMP), inosine (INO) and hypoxanthine (Hx), were 
constructed in the 0-1 mM range. results obtained for 
each degradation compound were calculated as mmol/ 
kg muscle. The K value was calculated according to 
the following concentration ratio:

K value (%) 5 100  (INO1Hx) /
(ATP1ADP1AMP1IMP1INO1Hx)

The evolution of pH values in fish muscle 
throughout storage time was determined by means 
of a 6-mm diameter insertion electrode (Crison, 
Barcelona, Spain).

2.5. Sensory analysis

A sensory analysis was conducted by a sensory 
panel consisting of five experienced judges, according 
to guidelines concerning fresh and refrigerated fish 
(Council regulations, 1989). Panellists have been 
involved in sensory analysis of different kinds of fish 
foods for the last 10 years. Previous to the present 
experiment, a special training session was conducted 
on chilled horse mackerel.

Four categories were ranked: highest quality (E), 
good quality (A), fair quality (B) and unacceptable 
quality (C). Sensory assessment of the fish included 
the following parameters: eyes, gills, external odor, 
flesh odor (raw and cooked fish) and taste (cooked 
fish). At each sampling time, the fish muscle 
portions were presented to panellists in individual 
trays and were scored individually. The panel 
members shared samples tested.

2.6. Statistical analysis

Data corresponding to the three icing batches 
were subjected to one-way analysis of variance 

to assess significant (p<0.05) differences among 
batches. The Statsoft (Statistica, version 6.0, 
2001) software was used to explore the statistical 
significance of the results obtained, including 
multivariate contrasts and multiple comparisons 
by the Scheffe, Tukey and Kruskal-Wallis tests. A 
confidence interval at the 95% level was used in 
all cases.

3. RESULTS AND DISCUSSION

3.1. Lipid oxidation development

The lipid contents of fish white muscle ranged 
from 1.0 and 2.5%. The differences observed may 
be attributed to fish-to-fish variation and not to 
icing conditions or storage time. The value range 
obtained corresponds to a medium-fat fish species 
and agrees with previous research on the same fish 
species (Aubourg, 2001; Losada et al., 2005).

Lipid oxidation development was assessed by 
means of the peroxide (primary oxidation), TBArS 
(secondary oxidation) and fluorescent compound 
(Fr value; tertiary oxidation) formation.

The peroxide development showed a great 
increase in fish corresponding to control conditions 
in the 11-13-day period (Table 1); however, during 
such a period, PV remained under 7.0, a score 
for fish corresponding to both preserving icing 
conditions (P-1 and P-2). As a result, an inhibitory 
effect on peroxide formation could be concluded 
for the presence of the acid mixture in the icing 
system, while no effect of the acid content could be 
outlined.

TBArS formation led to fewer differences than in 
the case of the PV assessment (Table 1). However, 
some inhibitory effect (p<0.05) could be concluded for 
the P-2 icing condition (days 4 and 13) and for the P-1 
condition (day 13) as a result of the acid presence in 
the icing system. As for the PV analysis, an increasing 
TBArS content was observed with time in all types of 
processed fish.

Interaction compound formation between oxidized 
lipids and nucleophilic compounds (namely, protein-
like molecules; tertiary lipid oxidation) was assessed 
according to the fluorescence ratio (Table 2). This 
analysis showed some differences at earlier stages of 
the study (day 4 for P-2 condition and day 7 for P-1 
condition) when compared to control fish; however, 
no differences (p0.05) could be found in the latest 
stages of the study (11-13-day period), when a higher 
effect on tertiary lipid oxidation compound would be 
expected to be present as a result of a higher primary 
and secondary lipid oxidation development (Table 1).

3.2. Lipid hydrolysis development

With regards to lipid hydrolysis development, no 
differences (p0.05) in FFA formation could be 
concluded as a result of the icing condition employed 
(Table 2). Indeed, their formation was found relatively 
low throughout the whole experiment when compared 
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3.3.  Quality loss assessment by non-lipid 
chemical indexes

During post-mortem fish storage, muscle 
nucleotides are known to degrade in a series of 
stages as a result of endogenous biochemical 
changes; the level of major adenine nucleotides 
and their related compounds have been used 
extensively as an index of freshness (K value 
assessment) of fish muscle (Howgate, 2006). In the 
present research (Table 3), fish corresponding to 
all kinds of icing conditions showed a progressive K 
value increase with chilling time, in agreement with 
previous research where this fish species was stored 
under traditional icing conditions (Losada et al., 
2005). However, no differences (p0.05) as a result 
of the icing system employed could be observed 
in the actual study. It is concluded that, under the 
present conditions, the presence of the organic 

to previous research related to horse mackerel chilled 
storage under traditional flake ice conditions (Aubourg, 
2001; Losada et al., 2005). However, as a result 
of endogenous enzyme activity, an important lipid 
hydrolysis development has already been detected in 
horse mackerel muscle during frozen storage (Aubourg 
and Ugliano, 2002; Lugasi et al., 2007).

The formation of FFA itself does not lead to 
nutritional losses. However, FFA presence has 
shown an important role in fish muscle texture 
changes (Sikorski and Kolakowska, 1994) and 
lipid oxidation enhancement (Mackie, 1993) and as 
being strongly related with off-odor development 
(refsgaard et al., 2000). Additionally, FFA have 
shown to develop a bigger oxidation rate than higher 
molecular-weight lipid classes such as triglycerides 
and phospholipids as a result of providing a lower 
steric hindrance to the initial development of the 
oxidation mechanism (Labuza, 1971).

Table 1
Peroxide value (PV) and thiobarbituric acid index (TBA-i) assessment* in chilled horse  

mackerel kept under different icing conditions**

Chilling 
Time 

(days)

Peroxide Value
(meq active oxygen/ kg lipids)

Thiobarbituric Acid Index
(mg malondialdehyde/ kg muscle)

C P-1 P-2 C P-1 P-2

4
2.46

(0.78)
2.72

(1.07)
2.36

(1.11)
0.62 b
(0.10)

0.64 b
(0.13)

0.30 a
(0.16)

7
4.61

(1.94)
3.95

(1.86)
4.35

(1.01)
0.65

(0.10)
0.72

(0.23)
0.59

(0.13)

11
10.63 b
(1.92)

6.38 ab
(2.61)

6.70 a
(1.61)

1.08
(0.08)

0.99
(0.17)

0.98
(0.11)

13
14.07 b
(2.35)

6.67 a
(1.88)

6.87 a
(2.32)

1.61 b
(0.12)

1.37 a
(0.10)

1.22 a
(0.14)

* Mean values of three independent determinations (n 5 3); standard deviations are indicated in brackets.
Starting fish values: 1.340.52 (PV) and 0.300.04 (TBA-i). For each parameter and for each chilling time, mean values followed by 
different letters (a, b) indicate significant (p0.05) differences as a result of the icing condition.

** Abbreviations of icing conditions: P-1 (ice including 0.005% of each organic acid), P-2 (ice including 0.020% of each organic acid) and 
C (ice prepared from water only; control).

Table 2
Fluorescence ratio (FR) and free fatty acid (FFA) assessment* in chilled horse  

mackerel kept under different icing conditions**

Chilling Time  
(days)

Fluorescence Ratio
Free Fatty Acid 
(g/ kg muscle)

C P-1 P-2 C P-1 P-2

4
1.86 b
(0.15)

1.35 ab
(0.53)

0.92 a
(0.05)

0.14
(0.03)

0.16
(0.03)

0.14
(0.04)

7
2.01 b
(0.11)

1.58 a
(0.37)

1.99 ab
(0.27)

0.20
(0.05)

0.21
(0.07)

0.21
(0.02)

11
2.64

(0.54)
2.19

(0.41)
2.39

(0.57)
0.26

(0.03)
0.28

(0.02)
0.27

(0.05)

13
2.96

(0.28)
3.37

(0.35)
2.87

(0.44)
0.33

(0.01)
0.32

(0.04)
0.32

(0.04)

* Mean values of three independent determinations (n 5 3); standard deviations are indicated in brackets.
Starting fish values: 0.920.08 (Fr) and 0.110.05 (FFA). For each parameter and for each chilling time, mean values followed by 
different letters (a, b) indicate significant (p0.05) differences as a result of the icing condition.

** Abbreviations of icing conditions as expressed in Table 1.
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acid mixture has no effect on the muscle nucleotide 
degradation. On the contrary, previous research has 
shown a great influence of storage temperature on 
the K value when comparing traditional flake ice and 
slurry ice conditions (Piñeiro et al., 2004; Losada et 
al., 2005; Lago et al., 2010).

The pH value showed, with some exceptions, 
a progressive increase with chilling time in all fish 
batches (Table 3), according to previous research 
(Mendes, 1999; rodríguez et al., 2005). Such 
increase would suggest a more intense growth of 
alkalinizing bacteria, leading to a higher accumulation 
of ammonia compounds. However, no differences 
(p0.05) as a result of the icing conditions employed 
could be observed. In spite of the fact that pH value 
is considered a dependable spoilage index, its 
assessment in the present research was not suitable 
for showing quality differences among the different 
kinds of fish samples under study.

3.4. Sensory analysis

Sensory acceptance results can be shown in 
Table 4. In all cases, a progressive quality decrease 

was detected by the panel with chilling time for 
all kinds of fish samples. Control fish and fish 
corresponding to P-1 condition have led to a shelf 
life time of 7 days, according to previous research 
related to horse mackerel kept under traditional flake 
ice conditions (Simeonidou et al., 1997; Aubourg, 
2001). However, individuals corresponding to 
the highest acid content condition (P-2) were still 
acceptable at day 11. As a result, a preserving effect 
of this kind of icing medium is concluded for the 
sensory attributes, so that a longer shelf life time is 
attained. For all kinds of fish samples, features that 
limited the acceptability of horse mackerel were eye 
appearance, external and flesh (both in raw and 
cooked conditions) odors and gill appearance.

According to sensory analysis results, the 
P-2 condition has shown a stronger preservative 
effect than in the case of analyzing the chemical 
quality indexes, including the lipid indexes. Since 
organic acids applied in the present research have 
been reported to have antimicrobial properties in 
addition to antioxidant ones (Erkan, 2003; Kilinc et 
al., 2009), an antimicrobial effect would have been 
likely to occur by employment of this condition, 
leading to a remarkable sensory quality retention.

Table 3
K value and pH assessment* in chilled horse mackerel kept under different icing conditions**

Chilling 
Time (days)

K Value pH

C P-1 P-2 C P-1 P-2

4
14.00
(0.99)

15.24
(0.56)

15.00
(1.20)

6.61
(0.11)

6.49
(0.10)

6.57
(0.01)

7
21.57
(1.66)

23.09
(0.79)

20.95
(3.20)

6.48
(0.09)

6.50
(0.10)

6.46
(0.03)

11
37.41
(2.44)

40.94
(2.22)

39.21
(1.30)

6.96
(0.13)

6.88
(0.05)

6.86
(0.24)

13
44.66
(1.66)

43.81
(1.22)

43.03
(0.97)

7.12
(0.02)

7.15
(0.07)

7.07
(0.08)

*  Mean values of three independent determinations (n 5 3); standard deviations are indicated in brackets. Starting fish values: 
7.380.57 (K value) and 6.370.10 (pH). No significant differences (p0.05) could be observed as a result of the icing condition.

** Abbreviations of icing conditions as expressed in Table 1.

Table 4
Evolution of sensory acceptance* in chilled horse mackerel kept under 

different icing conditions**

Chilling Time
(days)

Icing Condition

C P-1 P-2

4 A b A b E a

7 B b A a A a

11 C b C b B a

13 C C C

* Quality categories: E (excellent), A (good), B (fair) and C (unacceptable). Starting fish was category 
E. For each chilling time, mean values followed by different superscript letters (a, b) indicate significant 
(p0.05) differences as a result of the icing condition.
** Abbreviations of icing conditions as expressed in Table 1.
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4. FINAL REMARKS

Assurance of both high acceptability and nutritional 
values of chilled seafood is currently an important 
challenge for fish traders and food technologists, so 
that commercial requirements are always related to 
the search for valuable and practical technologies 
that may provide enhancing possibilities of quality 
retention.

In the present research, icing systems including 
a mixture of natural organic acids were tested and 
applied during horse mackerel chilling storage. 
According to lipid oxidation (peroxide and TBArS 
formation) assessment, a slight inhibitory effect 
(p0.05) was concluded as a result of the presence 
of the acid mixture. However, no effect (p0.05) of the 
acid presence in the icing system could be outlined on 
the nucleotide degradation and the FFA formation. In 
addition, no differences could be concluded between 
P-1 and P-2 treatments, when analyzing the results 
obtained on chemical quality indexes.

P-2-treated fish showed a longer shelf life time 
than their counterparts belonging to P-1 and control 
conditions. According to the sensory analysis results, 
P-2 condition has shown a stronger preservative effect 
than in the case of analyzing the chemical quality 
indexes. Since organic acids applied in the present 
research have been reported to have antimicrobial 
properties in addition to antioxidant ones (Erkan, 
2003; Kilinc et al., 2009), an antimicrobial effect would 
have been likely to occur under this condition, so that 
a remarkable sensory quality retention was attained. 
In this sense, the surface wash caused by the 
melting of the ice during storage and the subsequent 
antioxidant and antimicrobial effects of such acids on 
the fish skin can be invoked as the main reasons for 
the lower damage development found in the acid-
treated horse mackerel muscle. 

Similar results had been reported before for 
other preservation methods such as liquid ice 
(Piñeiro et al., 2004; Aubourg et al., 2010), where 
ice melting led to the release of salt that exerted a 
preserving effect on fish and in experiences where 
a washing step including a preserving aqueous 
solution is applied before further refrigeration or 
frozen storage of the fish material (richards et al., 
1998; Erkan, 2003).
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