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Abstract Common sea bass ( Dicentrarchus labrax) of a
Greek cage-culture origin, sampled in December and July,
were stored in ice, and their sensory, microbiological and
chemical spoilage patterns were studied as well as their
seasonal differentiation. The sensory storage life was
determined at 15 days of ice storage. The microbial
population in the muscle reached levels of 105 at the
acceptability limit. The ATP breakdown pattern showed a
quick depletion of inosine-monophosphate (IMP) in the
first 8–9 days of ice storage and slower depletion there-
after. Inosine (INO) and hypoxanthine (Hx) were formed
at significant quantities. TVBN and TBA, as indicators of
protein breakdown and lipid oxidation, respectively,
showed low and delayed increase. A seasonal effect was
observed with summer fish showing higher rates of K-
value increase during early spoilage, while winter fish
showed higher K-values, microbial populations and
TVBN at late spoilage stages.
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Introduction

The common sea bass ( Dicentrarchus labrax) consists
together with the gilthead sea bream ( Sparus aurata), the
two most important economically cultured fish species in
the Mediterranean area. The total Mediterranean pro-
duction of sea bass in 2000 exceeded 50,000 tones [1].

Freshness is the attribute of major importance when
the quality of fish is assessed. The spoilage patterns of
fresh fish and shellfish have been extensively reviewed
[2,3]. The freshness and spoilage pattern of ice-stored
cultured gilthead sea bream have recently been inten-

sively investigated [4, 5, 6, 7, 8, 9, 10]. A recent study
also related gilthead bream spoilage pattern to the season
[11]. Attention has also been given to the common sea
bass in relation with its ice-storage qualities [12, 13, 14,
15, 16]. However, no study exists relating the spoilage
pattern of sea bass with the season of sampling. This
study is an attempt to determine whether there is a sea-
sonal impact in the spoilage pattern of ice-stored sea bass.

Material and methods

Commercial-size fish were collected in December and July from a
cage-culture unit in western Greece (Sea Farm Ionian, Ionian sea).
The average water temperature at the two sampling periods was 14
and 25 �C, respectively. All fish were fed with a commercial ex-
truded diet containing 45% protein, 15% fat, at a daily intake de-
fined by the feed manufacturer (Europa Marine, TROUVIT, Italy).
The standard ice-killing procedure was followed. Fish were stored
in ice (0 �C) and periodically analysed.

Whole fish weights, total lengths, and gonads weights were
measured. The gonadosomatic index was calculated as the gonad
weight percentage of the total body weight. The fat deposition was
also measured as total perivisceral and peritoneal fat (the fat
quantities concentrated in and around the peritoneal cavity, re-
spectively). Both of these deposit fat forms were manually removed
and weighed and expressed as their percentages to the total weight.
Somatometric indexes were measured in 20 fish. Ten of them were
subsequently manually filleted and fillets proximate composition
analyses took place according to AOAC (1984) [17].

Taste panel assessments took place in the fish sampled in De-
cember, for both raw whole fish and cooked fish fillets. Five trained
assessors were used for all sensory analyses. For freshness evalu-
ation of whole raw fish, a modified TFRU sensory assessment [16]
was used. Fish fillets were prepared after manually filleting and
microwave cooking for 3 min (in a covered plate). For the sensory
evaluation of cooked fillets, the Torry scoring scheme [18] was
used, modified for sea bass [16].

Microbiological analyses were conducted in triplicate by a
previously described methodology [11] and included total plate
count (TPC) and aerobial plate count (APC) in 1 g of white flesh
from the dorsal area.

K-values and ATP breakdown products were determined by an
HPLC methodology [19]. The instruments consisted of a Waters
717plus autosampler set at 10 �C injection temperature, a Waters
column C18 Hypersil (5 mm, 100 RP, 4�250 mm), a 484 Waters UV
detector set at a wavelength of 254 nm and Millennium32 Waters
Chromatography computing integrator (Waters, Milford MA 01757).
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The mobile phase was 0.04 M potassium dihydrogen orthophosphate
(KH2PO4), 0.06 M dipotassium hydrogen orthophosphate (K2HPO4),
and the flow rate 2 ml/min with an injection volume 5 ml. The
K-values were calculated according to Saito et al. (1959) [20].

Chemical indexes also included total volatile basic nitrogen
(TVBN) as an index for protein degradation, and TBA reactive
substances (TBArs) as lipid oxidation index. TVBN determination
took place in a Kjeltec unit by direct steam distillation over boric
acid, following the extraction procedure of the Israeli Standard
method (1976, IS 281) [21]. Titration took place with 0.05 N HCl.
The total volatile basic nitrogen content was expressed in mg/100 g
tissue. The TBARS were determined by a modification [22] of the
method of Vyncke [23]. The TVBN and TBA analyses in all fish
took place for dorsal white muscle.

All analyses for spoilage indexes determination took place in at
least three individuals each time. Multiple comparisons of the
means were conducted by the use of one-way analysis of variance
(ANOVA), and the Tukey test [24]. In all cases, confidence levels
were set at 95%.

Results and discussion

The proximate composition and somatometric indexes of
cultured sea bass are presented in Table 1. The fat de-
position and the proximate analysis results are within the
values’ range detected in other studies for the same spe-
cies [13, 25, 14]. The gonadosomatic index for winter fish
was found to be about 1.4, indicating that fish of com-
mercial size do not reach maturity. Maturity has been

reported to be reached long after attaining marketable size
[26], and it has been related to gonadosomatic index of
>2% for male bass that consist the 70–90% of the total
aquacultured population in the Mediterranean region [27].

Sensory assessment took place up to the 15th day of ice
storage for both raw and cooked fish fillets. The Torry
sensory score decreased with storage. A Torry score of 4, at
day 15, indicates fish acceptability limit (Fig. 1). The best
fit for this reduction was given by the second-order poly-
nomial regression equation y=�0.0198x2–0.1033x+10.261
(r2=0.98). The TFRU sensory score for whole raw fish
increased with storage time linearly (r2=0.98) and a TFRU
score of ~30 corresponded to the limit of acceptability as
previously detected (Fig. 1). The Torry score, being almost
stable for fish stored up to the sixth day, indicates that
cooked fillet evaluation does not have sensitivity in de-
tecting early storage alterations, while sensory changes in
raw fish indicated them. Comparing the present sensory
results to other studies on the same fish species, the shelf
life has been found to be somewhat shorter than in previous
studies that ranged it from 16 [16] to 18 days [14].

The fillet was found to be sterile for at least up to the
sixth day for both winter and summer fish. The microbial
population development coincides with the cooked flesh
sensory reduction and therefore explains the second-order
polynomial best fit for Torry scheme organoleptic eval-
uation. The presence of off-odours and off-flavours in fish
muscle has been related to microbial development [3].
The limit beyond acceptability corresponds to a microbial
population of the order of 105 cfu/g of muscle found for
fish stored for 15 days in ice (Fig. 2). Aerobial spoilage
was found dominant (Fig. 2), and this comes to agreement
with other microbiological findings in Mediterranean fish
species where Pseudomonas sp. dominated [28, 29].

The K-value increased over the storage period (Fig. 3),
and a value of 60%, reached within 15 days for summer
fish and 13 days for winter fish, seems to be indicative for
the acceptability limit.

The ATP, ADP and AMP concentrations, were found in
very small and relatively fluctuating quantities during ice
storage, indicating the rapid breakdown of ATP after death,
and with ADP always present at highest concentrations of

Table 1 Somatometric characteristics (means from 20 fish) and
fillet proximate composition of cultured sea bass (means of 10 fish)
sampled in winter and in summer (AVG€SD). Different letters (a,
b) denote statistically significant difference of the parameter

Winter Summer

Total weight (g) 348.6€26.3b 236€79.3a
Total length (cm) 30.9€0.7 Not measured
GSI 1.40€0.35 Not measured
Peritoneal fat (% of total weight) 0.0a 0.61€0.53b
Perivisceral fat (% of total weight) 3.03€1.83a 6.16€2.10b
Moisture (%) 75.2€0.67 74.4€0.63
Fat (%) 4.54€1.17 3.90€0.70
Protein (%) 18.6€0.79 20.3€0.57
Ash (%) 1.27€0.05 1.3€0.03

Fig. 1 Sensory quality changes
of cultured sea bass sampled in
winter and stored in ice.
Changes of whole raw fish by
TFRU (grading 0–38) and
cooked fillet by Torry system
(grading 10–0). The r2 value of
linear regression is 0.98 for the
TFRU and the r2 value of sec-
ond-order polynomial regres-
sion is 0.99 for the Torry
scheme. Each point represents
the average sensory score of
five trained assessors

585



the three. Inosine mono-phosphate (IMP) was present at
high concentrations even from the beginning of storage life
(Figs. 4, 5). IMP levels decreased rapidly in the first 9 days
of ice storage, corresponding to a depletion from initial
9.21 mmol/g muscle to 3.06 mmol/g in winter fish and from
initial 7.47 to 1.4 mmol/g muscle in summer fish, respec-
tively. The depletion of IMP continued thereafter, but at a
slower rate (Figs. 4, 5). This initial IMP depletion in the
8–9 days of storage coincides with the initial organoleptic
quality reduction. Sea bass formed hypoxanthine (Hx) at a
relatively high rate, reaching a concentration of 2.24 mmol/g
and 0.98 mmol/g, for 13 and 15 days of ice storage in winter
and summer fish, respectively. Inosine (INO) was formed
and reached the concentration of 3.6 mmol/g for 13 days of
ice storage in winter fish and 2.4 mmol/g for 15 days of ice
storage in summer fish.

Comparing our results to those on the same species and
storage conditions [16], we found a slightly different IMP
depletion pattern, with the former study showing a steady
IMP decrease over time for the 22 days of ice storage. Also,
present results do not confirm the low Hx formation at the
end of the 22-day storage period mentioned in the former
reference. This ATP breakdown pattern also differs from
the pattern of the other broad-cultured Mediterranean spe-
cies—the gilthead bream that showed a higher preservation
of IMP and lower INO and Hx formation levels [11].

Both TVBN and TBArs levels showed a very small
increase during ice storage (Table 2). The TVBN levels at
the acceptability limit have been found approximately
19–20 mg/100 g tissue. TBArs levels remained low
throughout the storage period, a fact that is correlated
with the relatively low muscle fat content (3.9% in
summer fish and 4.5% in winter fish). The TVBN in-
crease in advanced spoilage fish as well as the low ran-

Fig. 2 Total (TPC) and Aero-
bial (APC) Plate count in ice
stored sea bass sampled in
winter and in summer. The r2

values for linear regression are
0.96 for TPC and APC in both
seasons

Fig. 3 Seasonal K-values per-
centage alterations of cultured
sea bass during ice storage.
Best-fit curves are second order
(winter) and third order poly-
nomial (summer) with regres-
sion values 0.99 for both sea-
sons

Fig. 4 ATP breakdown products (mmol/g tissue) in cultured sea
bass sampled in winter (December), and their changes during
storage on ice. Data are expressed as mean values
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cidity indicated by low TBA-values agrees with previ-
ously found results on the same species [13,14].

The sampling season was found to have some effects
on spoilage pattern of sea bass in the present study.
Summer fish were found to keep slightly better than fish
sampled in December. This was confirmed from the
higher microbial population (Fig. 2), K-values (Fig. 3)
and TVBN in winter fish at later spoilage stages. Fur-
thermore, winter fish showed a higher hypoxanthine
concentration and a slower IMP decomposition rate than
fish sampled in summer (Figs. 4, 5).

A seasonal difference in spoilage pattern has previ-
ously been observed for gilthead bream [11]. Better
preservation of summer fish in the present study confirms
the findings for gilthead bream. However, differences also
occur in this seasonal effect for the two species. Thus,
muscle microbial population differences were more pro-
found between summer- and winter-sampled gilthead sea
bream of the former study than those presently found for
sea bass. In the present study, on the other hand, TVBN
was found to have significantly higher values in winter-
sampled sea bass, contrary to gilthead sea bream where no

seasonal effect was observed. Also, seasonal differences
of Hx concentration were higher in sea bass than those
found for gilthead sea bream.

In summer fish, the higher K-values at early spoilage
stages, but lower in the later stages (after the 10th day of
ice storage) confirm the assumption made of higher au-
tolytic activity and slower bacterial development in
summer fish. [11].
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Fig. 5 ATP breakdown products (mmol/g tissue) in cultured sea
bass sampled in summer (July), and their changes during storage on
ice. Data are expressed as mean values

Table 2 TVBN and TBA alterations of ice-stored sea bass. Data
are expressed as means €SD. Different letters (a, b, c) denote
statistically significant changes of the parameter over storage time

Stor-
age
time
(day)

TVBN TBA

mg/100 g muscle mmol/kg tissue

Winter Summer Winter Summer

0 16.26€1.11a 13.19€1.21a 0.25€0.03a 0.36€0.51a
2 17.18€0.38a 0.26€0.07a
4 14.72€2.75a 0.10€0.07a
6 17.24€0.46a 1.03€0.02a
9 18.19€0.51a 18.48€2.19b 1.35€0.17a 1.18€0.84a

11 - 17.89€1.38b - 0.99€0.29a
13 20.34€0.26b 1.65€0.32ab
15 18.90€1.12b 1.48€0.03b
17 21.12€0.41bc 1.64€0.18b
22 22.12€0.62c 2.60€0.24b
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