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Summary The effects of combination of freezing and the use of antioxidant technology on the quality of frozen sardine

fillets were investigated in terms of sensory, biochemical [thiobarbituric acid (TBA), total volatile basic

nitrogen (TVB-N), peroxide value (PV) and free fatty acids (FFA)] and microbiological analyses [total viable

count (TVC)]. Fish were filleted and divided into three groups. The first group was used as the control (C)

without rosemary extract, the second group was treated with 1% rosemary extracts for 2 min (R1) and the

third was treated with 2% rosemary extracts for 2 min (R2). All groups were frozen at )18 �C over the

storage period of 6 months. The results obtained from this study showed that the combination of antioxidant

and frozen storage resulted in significant reduction of bacterial growth and stabilised the biochemical

characteristics, especially for R2. However, the use of antioxidant at the level of 2% (R2) gave a bitter taste

according to sensory assessment whereas the panellists mostly preferred R1.
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Introduction

Fish is a good source of proteins, polyunsaturated fatty
acids (PUFA), vitamins and minerals for human con-
sumption (Venugopal & Shahidi, 1995). Fish contain
high contents of PUFA, among which eicosapentaenoic
acid and docosahexaenoic acid are the most abundant
(Ackman, 1989). PUFAs are known to be markedly
susceptible to peroxidation and to be readily incorpo-
rated into the mechanism of lipid peroxidation to yield
free radicals and lipid peroxy radicals (Hsieh & Kinsella,
1989; Porter et al., 1995).
Freezing is currently one of the most widespread

methods of conserving fish. During the freezing process
and frozen storage, fish muscle can undergo a number of
changes, such as denaturation and aggregation of the
myofibrillar proteins. This results in alteration of the
functional properties of muscle proteins, loss of water-
holding capacity and juiciness and unwanted changes in
texture, which produces a hard, dry and fibrous product.
This is especially important in some lean species (e.g.
gadoids) where greater changes in texture occur than in

fatty and semi-fatty fish (Barroso et al., 1998). In
addition, lipid oxidation is one of the major causes of
deterioration in the quality of fish and fish products
during frozen storage (Mackie, 1993; Verma et al.,
1995). Oxidative deterioration of lipids can directly
affect quality characteristics such as colour, flavour,
texture, nutritive value and safety (Wang, 2009). Freez-
ing and frozen storage have largely been employed to
retain the sensory and nutritional properties of fish
although enzymatic and non-enzymatic rancidity is
known to develop strongly under such conditions
(Harris & Tall, 1994; Erickson, 1997). During frozen
storage, enzymatic and non-enzymatic rancidity is
highly influence the shelf life of marine products due
to unsaturated lipid composition and the presence of
prooxidant molecules in the their muscles (Ackman,
1989; Aubourg et al., 2004).
Consumers demand for healthy and convenient

products with desirable quality attributes are great
challenges to the seafood industry. Complaints of off-
flavours are often in connection with frozen and stored
seafood products. To extend the shelf life of marine
products, considerable attention is currently being paid
to the use of natural antioxidants (Frankel, 1995;
Kamal-Eldin & Appelqvist, 1996; Richards et al.,
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1998). There is a preference for using natural antioxi-
dants, as synthetic antioxidants such as butylated
hydroxytoluene (BHT) and butylated hydroxyanisole
(BHA) are implicated in toxicological changes (Ito
et al., 1985; Malkinson et al., 1983). Fatty fish were
also susceptible to toughening on frozen storage which
could be minimised by antioxidants.
Corbo et al. (2009) also reviewed some alternative

approaches for food stabilisation and shelf life prolong-
ing, based on the use of natural compounds (essential
oils, lysozyme, lactoferrin and lactoperoxidase system,
fatty acids and chitosan) and non-thermal techniques.
(high hydrostatic and homogenisation pressures, pulsed
electric fields, high power ultrasound and irradiation).
The treatment of a-tocopherol-rosemary mixture
(0.05 + 0.02%) had the strongest antioxidant activity
among the antioxidants tested in sardine oil model
system and frozen-crushed fish meat. In sardine oil, it
delayed the onset of oxidation with 5 days and its
antioxidant activity was comparable to that of BHA
(Wada & Fang, 2007). The formation of cholesterol
oxide products (COPs) in frozen horse mackerel
(Trachurus trachurus) fillets treated with plant antioxi-
dant was studied. As a result of pre-freezing antioxidant
treatment, COPs formation was reduced (P < 0.05) in
comparison with the control samples (Lebovics et al.,
1999). The effects of pre-treatment of rosemary extract
on the quality of sardine have been reported by several
authors (Akhtar et al., 1998; Gimenez et al., 2004, 2005;
Kenar, 2009; Ozogul et al., 2009, 2010). However, the
effects of pre-treatment of rosemary extract on the
quality of frozen sardine (P. aurita) have not been
reported so far. In our previous research, the effects of
rosemary extract at different levels on the quality of
vacuum packed sardine in terms of sensory, biochemical
and microbiological analyses were investigated. Thus,
the aim of this study is to investigate the effect of pre-
treatment with different levels of rosemary extract in
combination with freezing process on the quality of
sardine.

Materials and methods

Rosemary extract and preparation of fish

Rosemary (Rosmarinus officinalis) used in this project
was a dried extract and presented by Frey-Lau Com-
pany (Henstedt-Ulzburg, Germany). Rosemary extract
was applied to the fish as described by Akhtar et al.
(1998).
Sardinella aurita (26.97 ± 1.49 g and 14.13 ±

0.31 cm) were caught by seine net in Mersin Bay,
Turkey. The duration of time between harvesting and
arrival of the fish at the laboratory was less than 1.5 h,
where they were always kept in ice during transporta-
tion. Upon arrival, the whole fish were washed under

running tap water, headed, gutted, cleaned, rewashed
and divided into three groups. The extract was dissolved
in distilled water. The first group was used as the control
(C) without rosemary extract, the second group was
treated with 1% rosemary extracts (10 g L)1) for 2 min
(R1) and the third was treated with 2% rosemary
extracts (20 g L)1) for 2 min (R2). Thirty fillets per litre
were used. All groups were stored at )18 �C.

Sensory assessment

Sensory analysis of sardine treated with rosemary
extract (appearance, odour, flavour and texture) was
assessed according to the method of Paulus et al. (1979).
A scale from 9 to 1 was used to evaluate sardine treated
with rosemary extract. A score of 9 represents ‘very
good quality’, a score of 7–8, ‘good quality’, a score of
5–6 ‘acceptable’, while a score of 1–4 was regarded as
‘bad or unacceptable’. To prepare the cooked fish
sample, fish from each groups were grilled at 350 �C
for 2 min. The grilled samples were served hot to six
panellists. Panellists were familiarised with the onset and
degree of spoilage of sardine by monthly examination of
frozen sardine fillets and trained to recognise the odours
that developed with storage. Panellists with poor sensi-
tivity were removed.

Chemical assessment

The total volatile basic nitrogen (TVB-N) content of
sardine was determined according to the method of
Antonocopoulus (1973) and expressed as mg TVB-N per
100 g muscle. The value of thiobarbituric acid (TBA)
was determined according to Tarladgis et al. (1960) in
fish fillets to evaluate the oxidation stability during
storage period and the results expressed as TBA value,
miligrams of malondialdehyde per kg flesh. Free fatty
acid analysis (FFA), expressed as percent of oleic acid
was determined by AOAS (1994). Peroxide value (PV)
expressed in miliequivalents of peroxide oxygen per
kilogram of fat was determined according to AOAS
(1994). The pH of fish fillets was determined using a pH
meter (315i, Germany). The sample was homogenised in
distilled water in the ratio 1:10 (w ⁄v).

Microbiological assessment

Triplicate samples were taken to estimate total viable
counts (TVC) from each of three different groups. Fish
muscle (10 g) was mixed with 90 mL of Ringer
solution and then stomached for 3 min. Further
decimal dilutions were made, and then 0.1 mL of each
dilution was pipetted onto the surface of plate count
agar (Fluka 70152, Steinheim, Switzerland) plates in
triplicate. They were then incubated for 2 days at
30 �C.
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Statistical analysis

A completely randomised design was used. The data
were subjected to anova and Duncan’s multiple range
tests. A spss statistical package (v. 8.0) adapted to a
personal computer.

Results and discussion

Sensory assessment

Table 1 shows the results of the sensory assessment of
cooked fish fillets. The sensory score for flavour of the
cooked fillets decreased with storage time for all groups.
There were no significant differences in colour, odour
and firmness until 4 months of storage, but there were
significant differences (P < 0.05) in taste after 2 months
between the control and the treatment groups. General
acceptance of samples also showed significant differences
(P < 0.05) after 1 month of storage. The lowest score in
taste was obtained from R2 because of the bitterness of
rosemary extract. Generally, R1 group was mostly
preferred by the panellists. Similar results were also
reported in our previous research (Ozogul et al., 2010).

Chemical assessment

Total volatile basic nitrogen
Volatile amines such as trimethylamine (TMA), ammo-
nia (NH3) and dimethylamine (DMA) comprise total

volatile basic nitrogen compounds (TVB-N) (Dalgaard,
2000). As the activity of spoilage bacteria increases after
the death of a fish, a subsequent increase in the
reduction of TMAO to TMA occur (Ali et al., 2010).
Rahman et al. (1999) found that about 10–60% of the
viable microbial population die during freezing yet the
remaining population gradually increase during frozen
storage. Thus, TVB-N production by bacteria could be
expected during frozen storage.
Total volatile basic nitrogen (TVB-N) levels have been

recognised as useful indicators of seafood spoilage;
under EU directive 95 ⁄149 ⁄EEC, the European Com-
mission has specified that TVB-N levels be used if
sensory methods raise doubts about the freshness of
seafood species (EU, 1995). Critical limits have been set
for groups of seafood species such as 30 mg TVB-N per
100 g of tissue for cod species. TVB-N can be used only
as an indicator of fitness for consumption rather than as
an index of freshness throughout the storage life of fish
(Ozogul & Ozogul, 2000). In this study, the TVB-N
content increased from the initial value of 20.59 mg N
100 g)1 flesh to 24.34, 23.16 and 21.89 mg N 100 g)1

flesh for the control, R1 and R2, respectively at the end
of 6 months of frozen storage (Table 2). The TVB-N
values remained below limit of acceptability (30 mg
TVB-N 100 g)1 of tissue for cod species) throughout the
entire frozen storage.
Since TVB-N is produced mainly by bacterial decom-

position of fish flesh, the lower values of total viable
counts of fillets (4.6 log cfu cm)2) during storage could

Table 1 Sensory attributes of cooked frozen sardine treated with rosemary extract (�X� SX: average ± SD)

Storage

(months) Colour Odour Taste Firmness

General

acceptance Groups

0 8.89 ± 0.33a 8.89 ± 0.33a 9.00 ± 0.00a 9.00 ± 0.00a 9.00 ± 0.00a C

8.89 ± 0.33a 8.89 ± 0.33a 9.00 ± 0.00a 9.00 ± 0.00a 9.00 ± 0.00a R1

8.89 ± 0.33a 8.89 ± 0.33a 9.00 ± 0.00a 9.00 ± 0.00a 9.00 ± 0.00a R2

1 8.60 ± 0.55a 8.80 ± 0.45a 8.40 ± 0.55a 9.00 ± 0.00a 9.00 ± 0.00a C

8.80 ± 0.45a 8.60 ± 0.55a 8.80 ± 0.45a 8.80 ± 0.45a 9.00 ± 0.00a R1

8.60 ± 0.55a 8.60 ± 0.55a 8.00 ± 0.00b 8.60 ± 0.55a 8.20 ± 0.45b R2

2 8.25 ± 0.29a 8.50 ± 0.58a 8.00 ± 0.00a 8.25 ± 0.50a 8.50 ± 0.58a C

8.50 ± 0.58a 8.25 ± 0.50a 8.50 ± 0.58b 8.75 ± 0.50a 8.75 ± 0.58b R1

8.40 ± 0.55a 8.40 ± 0.55a 8.00 ± 0.0a 8.40 ± 0.55a 8.00 ± 0.00c R2

3 8.00 ± 0.00a 7.75 ± 0.50a 8.25 ± 0.50a 8.00 ± 0.00a 8.25 ± 0.50a C

8.00 ± 0.00a 8.17 ± 0.41a 8.33 ± 0.52a 8.17 ± 0.41a 8.33 ± 0.52a R1

8.20 ± 0.45a 8.20 ± 0.45a 7.60 ± 0.55b 8.20 ± 0.45a 8.00 ± 0.00a R2

4 7.30 ± 0.45b 7.20 ± 0.45a 7.30 ± 0.45a 7.30 ± 0.45a 7.20 ± 0.45a C

8.00 ± 0.00a 8.20 ± 0.45b 8.20 ± 0.45b 8.00 ± 0.00b 8.20 ± 0.45b R1

8.00 ± 0.00a 8.20 ± 0.45b 7.20 ± 0.45a 8.20 ± 0.45b 7.80 ± 0.84a R2

5 7.00 ± 0.00a 7.00 ± 0.00a 6.25 ± 0.50a 6.75 ± 0.50a 6.75 ± 0.50a C

7.50 ± 0.58b 7.75 ± 0.50b 7.50 ± 0.58b 7.50 ± 0.58a 7.75 ± 0.50b R1

7.50 ± 0.58b 7.75 ± 0.50b 6.50 ± 0.58ab 7.25 ± 0.50a 7.50 ± 0.58ab R2

6 6.25 ± 0.50a 6.75 ± 0.50a 5.75 ± 0.96a 5.0 ± 1.41a 5.75 ± 0.96a C

7.25 ± 0.50b 7.00 ± 1.15a 6.75 ± 0.96a 6.25 ± 1.50a 6.75 ± 0.96b R1

7.00 ± 0.50b 7.00 ± 0.50a 6.00 ± 0.00a 5.50 ± 1.0a 6.25 ± 0.50ab R2

n: 6, C: control, R1: 1% rosemary, R2: 2% rosemary; different letters in the same column for each storage days indicate significant differences (P < 0.05).
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account for the lower TVB-N values of filleted fish
samples. TVB-N values showed significant difference
(P < 0.05) between the control and the treated samples
after storage of 2 months. Significant differences were
observed (P < 0.05) between R1 and R2 after 5 months
of storage period. The lowest TVB-N value was
obtained from R2 followed by R1 and the control. In
our previous work with vacuum packed sardine treated
with rosemary extract during chill storage, the initial
TVB-N value was 20.59 mg 100 g)1 flesh, and increased
to 34.29 mg TVB-N 100 g)1 at day 13 for the control,
33.64 mg TVB-N 100g)1 at day 17 for R1 and 35.82 mg
TVB-N 100 g)1, in which all samples in VP were rejected
by the sensory panellists. The lowest TVB-N value
(P < 0.05) was obtained from R2 followed by R1 and
the control during storage period as found in this study.

Thiobarbituric acid
The degradation of texture, flavour and odour of stored
seafood is attributed to the oxidation of unsaturated
lipids. Processing of seafood such as salting, cooking
and mincing promotes oxidation. However, smoking
and freezing retard oxidation. The rate and degree of
lipid degradation in frozen fish is dependent upon the
fish species and muscle type, dark or white. Lipid
oxidation proceeds in the following decreasing order:
skin, dark muscle, and white muscle (Flick et al., 1992).
The TBA value is an index of lipid oxidation measuring
malondialdehyde (MDA) content. MDA formed
through hydroperoxides, which are the initial reaction
product of PUFA with oxygen (Fernandez et al., 1997).
The hydroperoxide value is generally referred to as the
PV. Thiobarbituric acid (TBA) is secondary oxidation
products and widely used as an indicator of degree of
lipid oxidation. It has been suggested that a maximum
TBA value, indicating a good quality of the fish, is 5 mg
malonaldehyde (MA) kg)1, while fish may be consumed
up to a TBA value of 8 mg MA kg)1 (Schormüller,
1969). In the present study, the TBA value of sardine
was 0.79 mg MA kg)1. During storage, there was a

tendency towards an increase in TBA values for all
groups. Sharp increases (P < 0.01) in the initial TBA
values to high levels of 9.23 mg MA kg)1were measured
for the control at the end of storage period (Table 3).
However, significantly (P < 0.01) lower values of 2.89
(R1) and 2.29 (R2) mg MA kg)1, in comparison with the
values of the control, were obtained by the end of the
storage. Slight decrease was observed at 2 and 4 months
of storage for the treatment groups. It was reported that
the decrease in TBA content after the peak point has
been attributed to the interaction between MA and
decomposition products of protein to give tertiary
degradation products (Reddy & Setty, 1996; Fernandez
et al., 1997). The present result indicated that oxidative
rancidity in the treated samples remained quite low
throughout the entire period of frozen storage except for
the control. Oxidative rancidity of the control group
exceeded the acceptable limit after storage of 6 months.

Peroxide value
It was reported that frozen storage and use of antiox-
idant decreased lipid oxidation. In this study, PV was
significantly greater in the control samples, but there
was no significant difference (P > 0.05) between R1 and
R2 until the storage of 4 months (Table 4). The lipid
oxidation was attributed to the combination of free
radicals with O2 to form hydroperoxides. PV below
5 meq kg)1: the fat is fresh or the hydroperoxides have
degraded into ketones. PV between 5 and 10 meq kg)1:
commencing rancidity (Gracey et al., 1999). In this
study, after reaching the maximum value (12.98 for the
control and 11.15 meq kg)1for R1) at the storage of
5 months, PVs of the control and R1 started to decrease
at the end of storage period except for R2. Peroxide
values of R2 remained significantly low (P < 0.05)
during storage period.

Free fatty acids
Due to the relatively high autolytic activity associated
with fish tissue in combination with its high PUFA

Table 2 The changes in the value of TVB-N in frozen sardine treated

with rosemary extract (�X� SX: average ± SD)

Storage

(months) Control R1 R2

0 20.59 ± 1.20a 20.59 ± 1.20a 20.59 ± 1.20a

1 20.18 ± 1.79a 20.71 ± 0.43a 20.69 ± 0.43a

2 21.30 ± 0.07a 18.37 ± 1.02b 19.04 ± 0.33b

3 22.15 ± 0.32a 20.19 ± 0.64b 20.19 ± 0.08b

4 23.32 ± 0.33a 21.38 ± 0.36b 21.18 ± 0.97b

5 23.41 ± 0.15a 22.39 ± 0.63b 21.34 ± 0.30c

6 24.34 ± 0.96a 23.16 ± 0.29b 21.89 ± 0.86c

n: 6, C: control, R1: 1% rosemary, R2: 2% rosemary; different letters in the

same row indicate significant differences (P < 0.05).

Table 3 The changes in the value of TBA in frozen sardine treated with

rosemary extract during storage period (�X� SX: average ± SD)

Storage

(months) Control R1 R2

0 0.79 ± 0.09a 0.79 ± 0.09a 0.79 ± 0.09a

1 1.32 ± 0.18a 0.95 ± 0.04b 0.90 ± 0.05b

2 2.08 ± 0.08a 0.88 ± 0.01b 0.83 ± 0.03b

3 2.42 ± 0.09a 1.33 ± 0.04b 1.37 ± 0.03b

4 3.06 ± 0.49a 1.05 ± 0.01b 1.12 ± 0.02b

5 4.28 ± 0.20a 2.30 ± 0.05b 1.80 ± 0.13c

6 9.23 ± 0.19a 2.79 ± 0.15b 2.21 ± 0.06c

n: 6, C: control, R1: 1% rosemary, R2: 2% rosemary; different letters in the

same row indicate significant differences (P < 0.05).
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content, the lipids are very prone to both lipolysis and
oxidation (Aryee et al., 2009). Since the release of free
fatty acids (FFA) content increased with time, as found
in this study, it is reported that there is a relationship
between FFA release and loss of freshness (Barassi
et al., 1987; Özogul et al., 2005). FFA and their oxida-
tion products would have an effect on muscle texture
and functionality since they interact with myofibrillar
proteins and promote protein aggregation (Pacheco-
Aguilar et al., 2000). In the present study, the release of
FFA increased (P < 0.05) from the initial value of
2.88–7.25 (expressed as percent of oleic acid) for the
control, 5.89 for R1 and 5.01 for R2 at the end of
storage period (Table 5). Lipid hydrolysis occurred at a
significantly slower rate (P < 0.05) for the treatment
groups compared to the control.
Although pH value is not a suitable index on its

own to determine quality of fish, it can be useful as a
guideline for quality control of fish when used with
other quality parameters (Ruiz-Capillas & Moral,
2001). Post mortem pH has been reported to vary
from 6.0 to 7.1, depending on season, species and
other factors (Simeonidou et al., 1998). In this study,

the initial pH values of the control, R1 and R2 were
6.23, 6.16 and 6.22 whereas at the end of storage pH
values were 6.10, 6.05 and 6.04 respectively. Although
there were no differences (P > 0.05) in the level of
pH, except for 4 months, it slightly decreased in all
groups. Similar results were obtained for fish species
during 9 months frozen storage by Orak & Kayisoglu
(2008).

Microbial assessment
When seafoods are frozen, the micro-organisms present
on the surface and the tissue of fish are generally
inactivated. Thus, during frozen storage, microbial
changes in fish are minimal. Although some micro-
organisms survive at low temperature, their activities are
suppressed and bacterial numbers may be reduced when
recommended temperature are maintained. Microbial
activity is controlled by two conditions present in frozen
foods; water activity (aw) is limited and the temperature
is usually low to prevent microbial growth.
Microbial counts on the samples of frozen sardine are

shown in Fig. 1. TVC are used as an acceptability index
for fish products due to the effect of bacteria in spoilage.
TVC determined in sardine fillets were initially 4.22 log
cfu g)1, which was higher than those reported for
sardine (El Marrakchi et al., 1990; Özogul et al., 2004).
Comparison with the proposed limits (5–7 log cfu g)1)
for fresh fish (ICMSF, 1986) shows that sardine fillets
were of good quality. Freezing at )18�C reduced the
bacterial counts in the all sample. TVC slightly increased
with storage time (Fig. 1) and the growth of micro-
organisms did not exceed the limit throughout storage
period for all groups. Although the control group
showed slightly higher counts of bacteria than R1

Table 5 The changes in the value of FFA in frozen sardine treated with

rosemary extract during storage period (�X� SX: average ± SD)

Storage

(months) Control R1 R2

0 2.88 ± 0.96a 2.88 ± 0.96a 2.88 ± 0.96a

1 3.49 ± 0.24a 3.69 ± 0.23a 3.56 ± 0.57a

2 4.35 ± 0.46a 4.47 ± 0.31a 4.16 ± 0.22a

3 5.32 ± 0.55a 4.78 ± 0.13b 4.56 ± 0.19b

4 5.53 ± 0.35a 5.39 ± 0.14a 4.66 ± 0.29b

5 6.01 ± 0.27a 5.62 ± 0.44b 4.79 ± 0.12c

6 7.25 ± 0.14a 5.89 ± 0.32b 5.01 ± 0.21b

n: 6, C: control, R1: 1% rosemary, R2: 2% rosemary; different letters in the

same row indicate significant differences (P < 0.05).

Table 4 The changes in the value of PV in frozen sardine treated with

rosemary extract during storage period (�X� SX: average ± SD)

Storage

(months) Control R1 R2

0 4.32 ± 1.10a 4.32 ± 1.10a 4.32 ± 1.10a

1 5.25 ± 0.82a 4.20 ± 0.47a 3.19 ± 0.64b

2 5.76 ± 0.56a 3.34 ± 0.21b 3.59 ± 0.07b

3 8.60 ± 0.71a 4.53 ± 0.37b 4.37 ± 0.20b

4 9.59 ± 0.31a 8.78 ± 0.21b 7.72 ± 0.10c

5 12.98 ± 1.19a 11.15 ± 0.35b 8.67 ± 0.36c

6 10.98 ± 1.35a 8.21 ± 0.89b 8.72 ± 1.3c

n: 6, C: control, R1: 1% rosemary, R2: 2% rosemary; different letters in the

same row indicate significant differences (P < 0.05).

R1: 1% rosemary, R2: 2% rosemary. 
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Figure 1 Total viable count (TVC) content of frozen sardine treated

with rosemary extract. R1: 1% rosemary, R2: 2% rosemary.
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during storage period, rosemary extract addition on fish
fillets at dose of 2% significantly decreased (P < 0.05)
bacteria counts compared the control at 1, 5 and
6 months of storage.

Conclusion

The combination of freezing and the use of antioxidant
technology improved the shelf life of fish. However, the
use of antioxidant at the level of 2% gave bitter taste
according to sensory assessment. Biochemical analysis
also showed that the use of 2% of rosemary extract in
combination with freezing were found to be most
effective (P < 0.05) in controlling the rate of lipid
oxidation.
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