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1 Introduction
Sea bream (Sparus aurata) is an important for aquaculture in 

Turkey. The species is highly demanded both in Turkey and Europe. 
According to the Turkish Statistical Institute (TÜİK) in 2015 the 
amount of sea bream aquaculture in Turkey was 51,844 tons. Sea 
bream is delivered to the domestic and foreign markets both as fresh 
chilled and frozen (Turkish Statistical Institute, 2015).

Fish is a type of perishable food and it loses its freshness 
and quality very quickly after death. Loss of freshness and 
deterioration is a complicated process. A variety of factors, such 
as different storage conditions and fish species differences affect 
deterioration in some way (Zaragozá et al., 2013).

There is a different process for the protection of the food, 
but a suitable package is necessary as the final phase of the 
protection. Hence, packaging of food quality is important 
(Debeaufort et al., 1998).

Edible films can be described as a thin polymer layer not 
only providing gas and moisture barrier for food but can also 
be consumed with food. Apart from their barrier properties, 
They can be used as a carrier matrix for antimicrobial and 
antioxidant substances (Torlak & Nizamlıoğlu, 2011). They are 
preferred for their properties such as being not toxic, low priced, 
biodegradability, biocompatibility, their aesthetic appearance 
and barrier properties (Vásconez  et  al., 2009). At the same 
time, they are used to extend the shelf life of foods owing to 
these properties (Vásconez et al., 2009; Günlü & Koyun 2013).

Chitosan is a polyaminosaccaride obtained by the alkaline 
deasetilation of chitin (Yuexia et al., 2011). Due to its wide range 
of food applications, chitosan is defined as a versatile biopolymer. 

Chitosan can be derived as chitin from some fungal cell walls 
and shells of arthropods such as lobster, shrimp and crab. 
Chitosan’s applicability in foods is due to their biocompatibility 
and nontoxicity (Jeon et al., 2002).

Several investigates have been done to determine the shelf life 
of Sparus aurata (Kyrana et al., 1997; Tejada & Huidobro 2002; 
Grigorakis et al., 2003; Chouliara et al., 2005; Cakli et al., 2007; 
Erkan, 2007; Özogul et al., 2007; Kılınc et al., 2007).

No resource is unlimited in the world, so it is important 
that the resulting product should have a long shelf life, and be 
healthy and high quality. In this research, we objectived to assess 
the effect of coating with chitosan film on the shelf life.

2 Materials and methods
2.1 Materials

Sea bream (Sparus aurata) was supplied from the fish market 
(Isparta/TURKEY). In this study, a total of 20 sea bream samples 
between 300-350 g weight were used. First, heads and viscera 
were removed immediately and skinless fillets were prepared. 
Commercially chitosan (Sigma C3646, ≥ 75% deacetylated, USA) 
obtained from crab shell was used for chitosan film preparation.

2.2 Prepapration of chitosan films

Chitosan films were created based on the method of 
Günlü & Koyun (2013). For the production of chitosan films, 
chitosan (2%, w/v) was added into glacial acetic acid (1%, v/v) 
and the mixture was mixed for 1 hour with magnetic stirrer in 
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40 °C (Wisestir MSH 20A, Korea). Then, 2% (v/v) glycerol was 
added slowly to the mixture as plasticizer and mixed again with 
heater magnetic stirrer for 10 min and the foam was removed 
with vacuum pump (KNF Neuberger, Germany). 100 mL of 
resulting homogeneous mixture was poured on the styrofoam 
plates (10 cmx20 cm) to cover the surface and air dried in 45 °C 
in drying oven (Labart, DHG 9140 A, Korea) for 24 hours to 
prepare chitosan-based edible films.

2.3 Samples groups and storage

Three groups were formed from skinless fillets. Group 1; 
samples were packed in under atmospheric conditions bags and 
were used as control (C). Group 2 contained only vacuum packed 
(VP) samples. Group 3, samples were coated with chitosan film 
and vacuum packed (CF+VP). All sample groups were stored 
in a refrigerator (4 ± 1 °C).

2.4 Microbiological analysis

The microbiological analyses of each sample group were 
carried out under aseptic conditions. 10 g sea bream flesh was 
added in sterile bag together with 90 mL of sterile peptone water 
and was homogenized with stomacher for 90 seconds (BagMixer 
400, France). TMAc and TPAc were found with the pour plate 
method (Harrigan & McCance, 1976; Arslan  et  al., 1997). 
TMAc and TPAc were found using plate count agar respectively 
at 30 °C for 3 days and 4 °C for 10 days incubation. The results 
of the samples were given as log cfu/g.

2.5 pH analysis

For pH analysis, Fish flesh was homogenized with pure 
water (1/10) then measurement was carried out by pH meter 
(Hanna HI 221, Romania) (Varlık et al., 2007).

2.6 TVB-N analysis

TVB-N values were determined according to Nicholas 
(2003) with a small modification. For TVB-N, 25 g fish sample 
was homogenized with blender for 30 seconds (Waring Blender, 
USA) at high speed together with 50 mL 7.5% trichloroacetic 
acid (TCA). Homogenizer was filtered with the help of vacuum 
machine (KNF Neuberger, Germany) and the resulting filtrate 
was distillated (Velp Scientifica UDK 142, Italy). The resulting 
distillates were titrated with 0.1 N HCl. TVB-N value of each 
100 g muscle sample was measured as mg/100 g.

2.7 TBA analysis

TBA value was measured by the method Erkan & Özden 
(2008), and Erkan  et  al. (2009). For TBA, 100 μl 0.1% BHT 
(Butylated hydroxytoluene) (1 g/ L in ethanol) and 25 mL 5% TCA 
was added to 2 g fish sample and mixtured for 2 minutes at 
high speed (Heidolph Diax 900, Germany). The resulting 
homogenizer was filtered. The filtrate was taken to 2 mL tube, 
then 2 mL freshly prepared TBA reagent (Malondialdehyde 
bis-diethy acetal) was added. Tightly closed tubes were kept 
in a water bath for 30 minutes at 95 °C (Memmert WB 22, 
Germany). After cooling the tubes, the absorbance values of 

the samples were determined at 532 nm against blind thorough 
spectrophotometer (T80 + UV/VIS Spectrometer, PG) and from 
the regression curve equation for the standard samples, the 
TBA value of the samples were obtained as malondialdehyde 
in milligrams/kilogram (mg MDA/kg).

2.8 TMA-N anaylsis

TMA-N value was measured according to AOAC (Association 
of Offical Analytical Chemists, 1998). 90 mL 7.5% of TCA was 
added on 10 g fish flesh and homogenized and filtered. The filtrate 
was fixed with 20% formaldehyde. 4 mL filtrate was added to 
glass tube and 1 mL formaldehyde, 10 mL anhydrous toluene 
and 3 mL K2CO3 solution were added. Tubes were shaken 
and 5 mL were taken to another tube with pipette in toluene 
phase and 5 mL picric acid (0.02%) was added and mixed and 
at 410 nm spectrophotometer (T80 UV/VIS Spectrometer, 
PG) the absorbance values were measured against the blind. 
The TMA-N value was obtained from the resulting standarts 
curve and measured (mg/100 g).

2.9 Statistical analysis

The resulted data in this study were analyzed by means of 
Analysis Variance (one-way ANOVA) by SPSS 9.0 software. 
Averages of significant variance resources were then compared 
using Duncan Multiple Comparison Test with P < 0.05.

3 Results and discussion
3.1 Assesment of microbiological analysis

Microbiological analysis is one of the important parameters 
that need to be taken into consideration in determining the 
quality of the product. TMAc and TPAc of C, VP and CF + VP 
sample groups obtained during the cold storage have been 
reported in Figures  1  and  2. The initial TMAc and TPAc 
values were respectively 4.15 log cfu/g and 4.05 log cfu/g. 
As a result, the number of bacteria in all groups increased 

Figure 1. TMAc changes of S.aurata fillets during storage at 4 ± 1 °C, 
control group (C), vacuum packed (VP) and chitosan film coated and 
vacuum packed (CF+VP) samples. While different lowercase letters 
define significant (P < 0.05) differences between each group for the 
during storage, different uppercase letters define the group differences 
(P < 0.05) on the same day.
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during storage. Limit value for aerobic bacteria count has 
been reported as 7 log cfu/g (International Commission on 
Microbiological Specifications for Foods, 1986). In this study 
the limit value was exceeded in C and VP group samples on 
storage day 5th while in CF+VP group samples it was surpassed 
on the 15th day. Jeon et al. (2002) indicated that, following 
the storage in the refrigerator for 12 days, microorganism 
development in chitosan coated cod and herring fillets was less 
significant than those not coated. Souza et al. (2010) showed 
that, total aerobic plate count of chitosan film coated salmon 
fillets did not reach limits (15th day), but the salmon fillets 
without any coating reached to 7.05 log cfu/g on the 12nd day 
and exceeded the limit level (7 log cfu/g). They proved that 
coating with chitosan boosted the shelf life of the salmon 
for 3 days. In another study on silver carp, Fan et al. (2009) 
stated that in samples coated with chitosan and frozen for 
30 days (-3 °C) the total bacteria did not exceed the limit 
level (7 log cfu/g). Lopez-Caballero et al. (2005) expressed 

that, in fish patties prepared using cod fillets, coating with a 
blend of gelatin-chitosan limits the microbial development 
and approximately 2 log cycle differences arises between the 
control group and coated group for the level of total bacterial 
count. Following the storage at for 2 weeks of lingcod fish 
fillets, Duan  et  al. (2010) expressed that, while total plate 
count in the uncoated samples were a total of 7.55 log cfu/g, 
it was below 107 cfu/g in the chitosan coated samples. 
Vásconez et al. (2009) coated sliced salmon fillet with chitosan 
and chitosan-tapioca starch and found that total growth of 
mesophilic and psychrophilic microorganisms were more 
limited during the storage period only in chitosan coated 
samples. Similarly, some other researchers reported chitosan’s 
antimicrobial effect (Zhou et al., 2011; Alak et al., 2010).

3.2 Assesment of physicochemical analysis

pH changes of the sample groups were given on Figure 3. 
Initially, pH was measured at 6.12. The pH values of all the 
sample groups fluctuated during storage. Similar results were 
reported by Doğan & İzci (2017), in a study where hot smoked 
Oncorhynchus mykiss fillets were coated with chitosan and stored 
at 4 ± 1 °C, and by Günlü & Koyun (2013) using vacuum packed 
and chitosan film coated Dicentrarchus labrax fillets.

The TVB-N is very commonly used in the determination of 
spoilage of seafood (Ruiz-Capillas & Moral, 2001). Huss (1988) 
reported that acceptable TVB-N limit values are 30-35 mg /100 g. 
At the beginning, TVB-N value was found as 14.28 mg/100 g. 
Similar results were reported by different researchers studying 
who studied on ice stored S. aurata (Tejada & Huidobro, 2002; 
Grigorakis et al., 2003; Kılınc et al., 2007). Günlü & Koyun (2013) 
stated that TVB-N increased with during the storage (4 °C) 
in control, vacuuming, chitosan covering and vacuuming D. 
labrax fillet samples. In our study, the TVB-N value increased 
in all sample groups in relation to time with storage period 
(Figure 4). The minimum TVB-N value in all of the samples 
was found in CF+VP samples. These results advised that coating 

Figure 2. TPAc changes of S. aurata fillets during storage at 4 ± 1 °C, 
control group (C), vacuum packed (VP) and chitosan film coated and 
vacuum packed (CF+VP) samples. While different lowercase letters 
define significant (P < 0.05) differences between each group for the 
during storage, different uppercase letters define the group differences 
(P < 0.05) on the same day.

Figure 3. pH changes of S. aurata fillets during storage at 4 ± 1 °C, 
control group (C), vacuum packed (VP) and chitosan film coated and 
vacuum packed (CF+VP) samples. While different lowercase letters 
define significant (P < 0.05) differences between each group for the 
during storage, different uppercase letters define the group differences 
(P < 0.05) on the same day.

Figure 4. TVB-N changes of S. aurata fillets during storage at 4 ± 1 °C, 
control group (C), vacuum packed (VP) and chitosan film coated and 
vacuum packed (CF+VP) samples. While different lowercase letters 
define significant (P < 0.05) differences between each group for the 
during storage, different uppercase letters define the group differences 
(P < 0.05) on the same day.
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with chitosan may effect on delaying the increase of the TVB-N 
value. Similar results were also reported by different researchers 
(Fan et al., 2009; Gómez-Estaca et al., 2010; Ojagh et al., 2010; 
Alak et al., 2010; Li et al., 2013).

Lipid oxidation is an important issue for quality of food. 
It causes oxidative rancidity in fat containing foods. TBA is one of 
the important indicators of oxidative rancidity (Özogul et al., 2005). 
TBA value of the fish flesh over 3-4 mg MDA/kg is an accepted 
indicator of quality loss (Köse et al., 2001). Schormüller (1968) 
stated a consumability limit value of TBA as 8 mg MDA/kg. In the 
study, at first the TBA was determined 0.37 mg MDA/kg. The limit 
value was not exceeded in all sample groups during storage 
(Figure 5). Kyrana et al. (1997) stated that TBA level was 0.67 
mg MDA/kg at the beginning of the storage of iced gilthead sea 
bream in the refrigerator and reached to 1.07 mg MDA/kg 24 days 
later. Cakli et al. (2007) stated that at first TBA value of the ice 
stored S. aurata and D. labrax respectively as 0.360 mg MDA/kg 
and 0.259 mg MDA/kg. These values increased on the 18th storage 
day up to 0.949 mg MDA/kg and 1.415 mg MDA/kg. Kılınc et al. 
(2007) reported the initial TBA value of the slurry ice and flake 
ice stored sea bream respectively as 0.51 mg MDA/kg and 
0.65 mg MDA/kg, and these values increased on the 15th storage 
day up to 2.19 mg MDA/kg and 3.00 mg MDA/kg. Mohan et al. 
(2012) coated Indian oil sardine (Sardinella longiceps) fillets 
(double style) with 1% and 2% chitosan solution and by storing in 
ice examined the quality changes. Researchers initially identified 
the TBA for all samples as 0.32 mg MDA/kg and at the end of 
the 11 day storage time, the TBA value of the samples coated 
with 1% chitosan solution was 2.65 mg MDA/kg and with 2% 
chitosan solution 2.41 mg MDA/kg. Sathivel (2005) also stated 
that chitosan coating (1% and 2% chitosan solution) was effective 
in decreasing lipid oxidation.

TMA is occured by the bacterial degradation and decomposition 
of TMAO owing to enzymatic activity (Cakli et al., 2007). Huss 
(1988) specified the limit value for TMA-N as 10-15 mg/100 g. 
TMA-N levels of the study groups were reported on Figure 6. 

Initally, TMA-N value was 1.20 mg/100 g. Although it increased 
in relation to the time period in all the groups, the TMA-N 
level did not exceed the limit in any of the groups in the sample 
storage time. Similar results were showed for S. aurata stored 
in ice by different researchers (Cakli et al., 2007; Erkan, 2007). 
Günlü & Koyun (2013) stated that the increase of TMA-N value 
in the chitosan film coated and vacuumed D. labrax samples 
were smaller scale when compared to the uncoated samples. 
Other researchers also reported that chitosan coating process 
of fish restricts the increase in TMA (Jeon et al., 2002; Nicholas, 
2003; Alak et al., 2011; Mohan et al., 2012).

4 Conclusion
In this study, shelf life of sea bream fillets coating with 

chitosan film and vacuuming was extended. The analysis results 
showed that the physicochemical values did not exceed the limit 
in all of the groups. Spoilage in all of the groups was determined 
with microbiological results. While in C and VP samples, limit 
values were exceeded on the 5th storage day, in CF+VP samples 
this happened on the 15th day. Therefore, as a result of this study, 
it can be suggested that the shelf life of perishable products such 
as seafood could be remarkably improved by the use of natural 
biopolymer such as chitosan.
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