
200  Ital. J. Food Sci. n. 2, vol. 22 - 2010

short communication

- Key words: freshness, quality, refrigeration, seafood, spoilage -

CHANGES IN CYTOCHROME C OXIDASE (CCO) AND 
LACTATE DEHYDROGENASE (LDH) 

ENZYME ACTIVITY 
OF THE WHITE EPAXIAL MUSCLE TISSUE 

OF SEA BASS (Dicentrarchus labrax L.) AS 
shelf-life predictive indices DURING ICE-

STORAGE

C. NATHANAILIDES*, O. LOPEZ-ALBORS1, D. LENAS, 
F. ATHANASSOPOULOU2 and K. GRIGORAKIS3

Dept Aquaculture & Fisheries, Epirus Technological Educational Institute, Igoumenitsa, Greece
1Dept Anatomía y Anatomía Patológica Comparadas, 

University of Murcia, Veterinary Faculty, 30100 Murcia, Spain
2 Laboratory of Ichthyology & Aquatic Animal Health, University of Thessaly, 

Faculty of Veterinary Medicine, School of Health Sciences, 43100 Karditsa, Greece
3Institute of Aquaculture, Hellenic Centre for Marine Research (HCMR), Athens, Greece

*Corresponding author: cosmasfax@yahoo.com

Abstract

Fish freshness can be evaluated by sensory, physical and biochemical parameters. The purpose 
of the present work was to evaluate the potential utilisation of enzyme activity changes as indica-
tors of shelf life in ice-stored sea bass. Changes in the enzyme content and organoleptic score of 
ungutted ice-stored sea bass were monitored over a two-week period. Organoleptic score and ac-
tivity of CCO and LDH decreased gradually with a 50% reduction after 10 days of storage in ice. 
The results show that monitoring the activity of the mitochondrial and cytoplasmic enzymes of 
fish muscle can be used as an indicator of fish freshness.
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Introduction

Fish and seafood are highly perishable foods. 
Spoilage of chilled, fresh and minimally proc-
essed fish is a function of endogenous enzyme 
and bacterial activity (Gram and Huss, 1996; 
Shimada et al., 2000, Eie et al., 2007). Com-
pared to land animals (AGUIAR et al., 2009), 
fish flesh has a higher water content, a high 
free amino acid pool and contains less connec-
tive tissue (Buchtová et al., 2009, DUMAS et al., 
2010). These lead to rapid biochemical changes 
during cold-storage and shorten the shelf-life of 
fish (Huss, 1988). The development of unpleas-
ant odours of raw fish correlates well with bac-
terial spoilage and storage time (Pons-Sanchez-
Cascado et al., 2006).

The demand for sea bass in Europe con-
stitutes a significant element of the Europe-
an fish market; sea bass is widely cultivated in 
the Mediterranean Sea. Consumers of Europe-
an sea bass frequently buy this product fresh, 
within a few days of ice-cold storage. The shelf-
life of ice-stored fish varies according to sever-
al parameters and can be extended depending 
on the initial bacterial and lipid content, as well 
on the season, killing method and handling con-
ditions (Huss, 1988; Grigorakis et al., 2004; 
LAMBOOIJ et al., 2008). An initial autolytic en-
zymatic process, followed by bacterial spoilage 
in the later stages of shelf-life, are the post-mor-
tem changes that occur during ice-storage of 
sea bass (Kyrana and Lougovois, 2002; Papa-
dopoulos et al., 2003).

Several methods exist to assess fish quality. 
Sensory, microbial, chemical and physical post-
mortem changes of sea bass have been well re-
viewed (ALasalvaR et al., 2002; Kyrana and 
Lougovois, 2002; Koutsoumanis et al., 2002; 
Papadopoulos et al., 2003; Grigorakis et al., 
2004; Ozogul et al., 2005; Cakli et al., 2006; 
Howgate, 2006).

Recent developments of electronic devices 
such as the electronic nose systems offer new, 
rapid methodologies for assessing the quali-
ty of seafood. Using an electronic nose appara-
tus, Limbo et al. (2009) reported a significant 
reduction of sea bass freshness after 8 days in 
cold storage at 2°C.

In general, the release of proteolytic enzymes 
from muscle cell lysosomes occurs immediate-
ly after death (Huss, 1988). The decomposition 
of structural and enzymatic muscle proteins re-
sults in a progressive protein structural loss and 
degradation of metabolic enzymes. As a result, 
enzyme activity can influence the postharvest 
quality of seafood (Haard, 2000). During stor-
age, the rate of protein degradation is proportion-
al to the storage time (Bauchart et al., 2007). 
Thus, the level of protein decomposition during 
ice-storage should be related to the shelf-life of 
fish during ice-cold storage. This is a well-known 
phenomenon observed during storage of terres-

trial animal meat (Collins et al., 1991; Godik-
sen and Jessen, 2001). Among the various en-
dogenous enzymes, the roles and post-mortem 
activities of specific proteinases such as caplain 
and cathepsins have been studied in sea bass 
(Ladrat et al., 2003; Delbarre-Ladrat et al., 
2004; Chéret et al., 2006). However, there is a 
lack of data on the activity and changes in oth-
er endogenous enzymes that occur during ice-
storage of sea bass. Such information would be 
useful in providing new alternative indexes for 
evaluating sea bass freshness.

The aim of the present work was to monitor 
post-mortem changes in a cytoplasmic and a 
mitochondrial enzyme during ice-storage of sea 
bass. Lactate dehydrogenase (LDH) is located 
in the cytoplasm and catalyses the interconver-
sion of lactate and pyruvate. Muscle tissue is 
rich in this enzyme and its presence is related 
to the capacity for anaerobic glycolysis. Cyto-
chrome c oxidase (CCO) is a membrane-bound 
mitochondrial enzyme which catalyses the re-
duction of molecular oxygen to water in the last 
step of the mitochondrial respiratory chain. The 
post-mortem changes of these two basic meta-
bolic enzymes have been studied in ice- or fro-
zen-stored meat of terrestrial origin (Collins et 
al., 1991; Godiksen and Jessen, 2001) and fro-
zen fish (Damodaran Nambudiri and Gopaku-
mar, 1992), but not ice-stored fish.

Materials and methods

Fish samples

Maricultured sea bass of commercial size (av-
erage weight 364.06±19.07 g) were obtained from 
a commercial fish farm (Sagiada, NW Greece) 
in April 2008. Standard killing methodology by 
immersion in ice / water (at 2/1 ratio) was fol-
lowed, and ice-stored fish were transported to 
the laboratory within a day after killing. Fish 
were washed, and whole, ungutted samples were 
stored in insulated polystyrene boxes filled with 
ice in cold storage at 3°±1°C. Boxes had perfo-
rated bottoms to allow melting ice to drain. Sam-
ples of the epaxial muscle tissue were obtained 
for analysis (three fish per sampling day, on the 
1st, 3rd, 7th, 10th and 15th day of ice-storage).

Assay of enzymes

All enzyme assays were performed in dupli-
cate according to methods previously described 
(Tyler and Nathanailides, 1995; Nathanai-
lides et al., 2009). Duplication in analysis was 
chosen to ensure repeatability of the method for 
each fish. Each enzyme assay was performed 
on three fish on each sampling day. Homoge-
nates were prepared and the CCO activity was 
assayed at 20°C by monitoring the reduction of 
ferrocytochrome c absorbance at 550nm, in a 
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medium containing 0.075 M potassium phos-
phate buffer, pH 6.8 and 0.025 mM ferrocyto-
chrome c. The activity of the glycolytic enzyme 
lactate dehydrogenase (LDH) was assayed (by 
the rate of NADH oxidation at 340 nm when 
LDH catalyses the reversible oxidation of pyru-
vate to lactate) in a medium of 50 mM potas-
sium phosphate buffer (pH 7.0), containing 
0.15 mM NADH and 0.60 mM sodium pyruvate 
(omitted from the control). Enzyme activity is 
reported in units per mg protein. Protein con-
tent was estimated using the Folin-Lowry meth-
od (Lowry et al., 1951). All reagents were ob-
tained from Sigma-Aldrich (St Louis, MO, USA). 
The use of Triton X-100 in the homogenisation 
buffer together with the absence of high-speed 
centrifugation of the muscle homogenates en-
sured that the total CCO activity was assayed 
(Tyler and Nathanailides, 1995; Godiksen 
and Jessen, 2001).

Sensory evaluation of fish quality

A trained sensory panel of four persons eval-
uated the odour of raw fish. Organoleptic eval-
uation included gill and vent odours. These two 
characteristics were scored according to the 
modified TFRU scheme according to Alasal-
var et al. (2002) using a four-point scale (0= 
fresh, 3= spoiled).

Statistics

One Way Analysis of Variance (ANOVA), and 
Tuckey test were used to make multiple compar-
isons of the means for the enzyme studied and 
odour scores (Zar, 1984). In all cases, the confi-
dence level was 95%. A two-tailed Pearson corre-
lation was used to correlate the enzyme chang-
es with the respective values previously found 
(Grigorakis et al., 2004) K-values of ice-stored 
sea bass. The SPSS 10.0 software was used for 
the statistical analysis.

RESULTS AND CONCLUSIONS

During ice-storage, significant changes were 
observed in the lactate dehydrogenase (LDH) 
and cytochrome c oxidase (CCO) activities in 
the white epaxial muscle of sea bass (Figs. 1 
and 2, respectively). The LDH activity decreased 
significantly already after day 3 of ice-storage. 
On day 3, the average value was 767 µmoles 
min-1 mg protein-1, compared to an initial val-
ue of 858 µmoles min-1 mg protein-1 on day 1 of 
storage. The value continued to decrease until 
it reached a value of 503 µmoles min-1 mg pro-
tein-1 on the 10th day of ice-storage (Fig. 1). The 
CCO activity remained almost unchanged (no 
significant changes) until the 7th day of storage 
and decreased thereafter. Thus, the non-signif-
icant change from 6.86 to 5.57 µmoles min-1 mg 
protein-1 in the first seven days was followed by 
a rapid decrease to 2.61 µmoles min-1 mg pro-
tein-1 on the 15th day of storage (Fig. 2). The dif-
ferences in the loss of activity between the two 
enzymes may be the result of different post-mor-
tem conditions in the cytoplasm and inner-mi-
tochondrial membrane environment. Neverthe-
less, both enzymes exhibited an initial reduc-
tion after 3 (LDH) or 7 (CCO) days of storage in 
ice, this reduction was more marked after 10 
days of storage.

The panellists reported a significant reduction 
in the organoleptic quality of odour in ice-stored 
sea bass. On the 15th day of ice-storage, the fish 
exhibited deterioration in odour and the smell 
was characterized as “unpleasant” to “unaccept-
able” by the panellists. The odour changes ob-
served during ice storage are presented in Fig. 3.

There was a very good correlation between 
the LDH and CCO activities and the K-values, 
according to Grigorakis et al. (2004). The re-
spective two-tailed Pearson correlations for LDH 
and CCO were -0.977 (p<0.001) and -0.846 
(p<0.001), respectively.

Similar to the present results, the LDH activi-

Fig. 1 - Changes of LDH activity (µmoles min-1 mg protein-1) 
of white epaxial muscle tissue of sea bass during ice-cold 
storage. Best-fit curve is third order polynomial, with regres-
sion value 0.97. Different letters (a,b,c,d) denote statistically 
significant changes of activity over storage time.

Fig. 2 - Changes of CCO activity (µmoles min-1 mg protein-1) 
of white epaxial muscle tissue of sea bass during ice-cold 
storage. Best-fit curve is third order polynomial, with regres-
sion value 0.93. Different letters (a,b,c) denote statistically 
significant changes of activity over storage time.
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ty decreased in frozen-stored fish muscle in five 
fish species (Damodaran Nambudiri and Gopa-
kumar, 1992); these results indicate that this 
enzyme is suitable for evaluating freshness in 
ice-stored or frozen-stored fish. The LDH activ-
ity was significantly reduced even after the 3rd 
day of ice storage, and this indicates that the re-
spective enzyme can be a very good freshness in-
dicator for sea bass. The correlation of LDH ac-
tivity with initial quality changes, and its suit-
ability as a freshness index has been previous-
ly proposed for frozen mullet, pearlspot milkfish 
and tilapia (Damodaran Nambudiri and Gopa-
kumar, 1992).

On the other hand, CCO activity seems to be 
a more suitable spoilage indicator, because it 
indicates the degree of spoilage rather than the 
freshness stage of the fish. It remains rather 
stable during the first seven days of ice-storage 
and then decreases significantly. Both enzymes 
can be useful indexes for assessing the shelf-life 
of ice-stored sea bass. This is confirmed by the 
strong negative correlation of both enzymes with 
the K-value and organoleptic scores.

The spoilage rate during ice-storage of sea 
bass varies according to the initial handling and 
storage conditions and the killing method used 
(Ozogul et al., 2005; Cakli et al., 2006). In the 
present work, after 10 days of storage, sea bass 
received lower organoleptic scores due to the 
development of unpleasant odours and after 15 
days the fish were characterized by strong un-
pleasant odours (Fig. 3); this period also coin-
cides with the acceptability limit provided in the 
literature (Kyrana and Lougovois, 2002; Tali-
adourou et al., 2003; Grigorakis et al., 2004; 
Paleologos et al., 2004; Castro et al., 2006). 
These researchers reported the initial develop-
ment of an off-flavour and moderate sensory 
scores after 9 days in ice-storage. The results 
did not vary between gutted and ungutted ice-
cold stored sea bass (Özogul et al., 2005; Poli 
et al., 2006). In agreement with the aforemen-
tioned literature, the present results also indi-
cate that unpleasant odours develop within 10 

Fig. 3 - Organoleptic changes in sea bass during ice storage, 
evaluated by a four-member panel, as represented by the 
sum of the average gill (0= fresh, 3= spoiled) and vent (0= 
fresh, 3= spoiled) odour scores (total odour score).

Fig. 4 - Changes (%) in the activity of CCO and LDH, total 
odour scores and K value (K-value data obtained from GRIG-
ORAKIS et al., 2004) of white epaxial muscle tissue of sea 
bass during ice-cold storage.

days. This is a critical period for the quality of 
ice-stored sea bass, and can be characterized 
as the high quality shelf-life of the fish, since 
significant quality reduction occurs thereafter. 
A 50% reduction in CCO and LDH activity, co-
incides with the previously reported (Grigor-
akis et al., 2004) 50% increase in the respective 
K value in ice-stored sea bass (Fig. 4).

The results of the present work show that pro-
teolytic activity in the white muscle of sea bass 
flesh during ice-cold storage coincides with a 
reduction of muscle CCO and LDH contents. 
In conclusion, the monitoring of CCO and LDH 
activities during ice-cold storage provides re-
liable indexes of the shelf-life of this product. 
The changes in these two enzymes indicate that 
LDH may be a useful index of freshness, since 
it exhibited alterations even at the early stages 
of ice-storage, while CCO appears to be more 
suitable for determining the degree of spoilage, 
since the levels changed significantly in the lat-
er stage of shelf-life.
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