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Abstract
This study investigated the effects of chitosan-carboxymethyl celloluse (CH-CMC) composite and bilayer coating and film 
on flavor quality of Asian sea bass (Lates calcarifer) fillets during storage at refrigerator for 16 days. In this experiment, 
different indexes including: sensory evaluation, trimethylamine nitrogen (TMA-N), total viable counts (TVC), free amino 
acids (FAAs), volatile organic compounds (VOCs), ATP related compounds, and K value were measured. Main reason for 
off-flavor of treated samples was mainly attributed to the significant inhibition of bacterial growth after death. The initial 
total viable count (TVC)  (log10 CFU/g) in the all samples of fillet was 1.21  log10 CFU/g. TVC in sea bass fillet became 
lower than 7  log10 CFU/g for BF (bi-layer film) samples throughout the entire storage. The results of FAAs showed that use 
CH-CMC reduced the accumulation of bitterness-taste. Treated samples decreased slowly with degradation of inosine- 5′- 
monophosphate (IMP) resulting higher umami intensity and overall acceptability. Synergistic effects of glutamic acid (Glu) 
and inosine- 5′- monophosphate (IMP) has inhibitory effects on bitter taste in samples. The VOCs including aldehydes, 
ketones, alcohols, and hydrocarbons were decreased by the CH-CMC coatings and film. Eight key flavor volatile organic 
compounds, including 3-methylbutanal, hexanal, E-2-hexanal, ethanol, 1-pentanol, 1-hexanol, 2,3 pentanedion, hydroxyl-
2-butanone, were identified in all samples. Generally, these results suggested the advantageous potential for CH-CMC film 
in retarding formation of fishy odor and taste and improving flavor of Asian sea bass compared with coating during entire 
the storage time, because of good oxygen barriers properties of film and potential properties to crosslink with flavors in order 
to enhance functionalities of packaging material.
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Introduction

Asian sea bass (Lates calcarifer) is valuable cultured fish in 
the south of Iran because of its desirable taste, odor, and high 
nutritional value. Asian sea bass was cultured a broad vari-
ety of salinity (ranged from 0–56% salinity) [1]. High water 
value, bacterial activity, and nutritional-rich lead to a shorter 
shelf life of seafood [2]. Shelf life, defined as the time storage 
which a seafood product remain safe, is essential for assur-
ing fish quality and protecting consumers from the effects 

of degradation. Shelf life of seafood products is limited by 
changes in sensory characteristics, lipid oxidation, and micro-
biological assessment. The flavor (including taste and odor) of 
seafood was produced by chemical and bacterial interactions. 
None-volatile compounds (including nucleotides and free 
amino acids (FAAs)) and volatile organic compounds (VOCs) 
(secondary compounds generated from unsaturated fatty acids 
oxidation) cause to change of taste and odor in fish, respec-
tively [3], which led to sensory rejection. A higher content of 
unsaturated fatty acids in seafood products cause to form more 
unsaturated volatile aldehydes, resulting in determining the 
specific aromas of flesh species. The decomposition of adeno-
sine- 5ˊ-triphosphate (ATP) with some enzymes is the most 
important factor in loss of freshness and quality of seafood and 
production of flavor nucleotides [4]. Free amino acids (FAAs) 
are precursors of volatile compounds for changing seafood 
odor. Also, FAAs can contribute to form important compounds 
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to formation of taste in fish [5]. Few research have assessed in 
flavor compounds of fish during storage [6, 7]. Hence, research 
of amount in flavor compounds in sea bass fish during stor-
age is useful in order to estimating of shelf life. Addition to, 
trimethylamine nitrogen (TMA-N) is derived from trimethyl-
amine N-oxide (TMAO) by activity of foodborne bacteria and 
auto-enzymatic activity, which cause flavors loss in fish [8]. 
Generally, the FAAs and 5′-nucleotides were one of the main 
reasons providing umami-sweet taste of seafood.

The application of biopolymers coatings and films is a new 
method to protect its quality [9–12]. The application of suit-
able preservation methods can protect the quality of seafood 
products against lipid oxidation and bacteriological activity 
[13]. Various biopolymers have been used for extension of 
shelf life of fish quality by forming a thin layer of edible mate-
rial [14] by two methods including edible coatings and edible 
films [15]. Among carbohydrate polymers, carboxymethyl cel-
lulose and chitosan are popular candidates to be used as active 
packaging materials for improving some properties, especially 
antioxidant and antibacterial properties, compared with those 
of single component based coatings [16–18]. Carboxymethyl 
cellulose (CMC), as a natural carbohydrate polymer, is derived 
from cellulose [19]. Based on the results of different research-
ers, CMC has some problems such as non-antibacterial activ-
ity and poor moisture barrier properties [20, 21]. Therefore, 
improvement of these properties can perform through cross-
linking with other polymer chains in the polysaccharide matrix 
to the coatings [18, 20]. Chitosan (CH), as a polycationic poly-
saccharide, is obtained from alkaline deacetylation of chitin 
which can be extracted from shells of crustaceans, cell walls of 
fungi, and other biological materials [22]. CH is an antioxidant 
and antibacterial hosting matrix against food born pathogen 
and free radicals for seafood coating purpose [23]. Some pub-
lished studies showed that the functional properties of CMC 
improve through its combination with chitosan [16, 24]. The 
positive efficacy of chitosan coatings on improving sensory 
and maintain flavor quality were also observed in grass carp by 
Guan et al.[7]. Sekhon et al.[25] identified that plant extracts 
can retard of generation of off-flavor compound in hairtail fish 
balls. The influence of biopolymers blend on the reduction of 
flavor compounds in seafood have not been reported. There-
fore, the aim of this study was the influence of edible CH and 
CMC coatings and film on the flavor composition and sensory 
analysis of Asian sea bass (Lates calcarifer).

Material and methods

Materials

Medium molecular weight chitosan (≥ 92.0% deacetylation) 
was purchased from the Tahurkaran Bahadorr Pars, Shiraz, 
Iran. Glycerol was obtained from the Duksan Pure Chemical 

Co. (Sungkok-Dong, Korea). Carboxymethyl celloluse 
(medium viscosity) were purchased from the Sigma Com-
pany. All other chemicals were of analytical grade or of the 
highest grade available.

Preparation and treatment of fish samples

Asian sea bass (Lates calcarifer) (the average weight and 
size: 302 g; 45 cm) was freshly caught from Choebdeh 
farms in Abadan city, Khozestan province, Iran. The fish 
was immediately transported to the seafood processing labo-
ratory and then stunned, gutted, peeled, washed with sterile 
water and filleted. Seven different treatments were used: 1) 
C: Control; 2) composite coating (CC) (mixture of chitosan 
(Medium molecular weight chitosan (≥ 92.0% deacetylation, 
Sigma Chemical Company)) and carboxymethyl celloluse 
(CMC) (Karen Pharmaceutical Company) solutions were 
prepared for immersing fillets for 30 s and then allowed to 
stand for a 2 min period followed by immersing again in the 
solution for 30 s); 3) bi-layer coating (BC) (chitosan solution 
were prepared for immersing fillets for 30 s and then allowed 
to stand for a 2 min period followed by immersing in the 
CMC solution for 30 s); 4) Bi-layer films (BF) (CMC solu-
tion (60 mL) were poured onto surface of rectangular plates; 
and after dried, chitosan solution (40 mL) were added on 
to surface of CMC film as second layer); 5) composite film 
(CF) (the solution of chitosan (40 mL) and CMC (60 mL) 
was blend and then poured on the surface of rectangular 
plates). For application of film for wrapping, the films were 
peeled off by hand from the plates after evaporation.

For formation of edible coating, the fillets were taken out 
from the solution and allowed to drain at 4 °C for 1 h. The 
samples packed in sterile polyethylene box and stored in a 
refrigerator for 16 days. Sensory evaluation, TMA-N con-
tent, TVC, FAAs, volatile organic compounds, ATP related 
compounds, and K value analysis were performed at 4-day 
intervals to assess the sea bass quality.

Sensory analysis

Changes in sensory attributes, including odor, color, and 
appearance, were measured by descriptive hedonic scale 
with 5 scores (5 = like extremely and 1 = dislike extremely). 
Sensory evaluation of samples were performed by a 12 pan-
elists (7 male and 5 female, aged 30 and 33). Panelists had 
previously been trained according to ISO 8586 [26], expe-
rienced in fish freshness evaluation carried out the sensory 
analysis. Research activities supported by the Framework 
Programme should respect fundamental ethical principles, 
including those reflected in the Charter of Fundamental 
Rights of the European Union and take into account opin-
ions of the European Group on Ethics in Science and New 
Technologies (EGE).
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Determination of TMA‑N and TVC

TMA-N muscle was measured according to the procedure 
proposed by AOAC [27]. For counting of bacteria, the pour 
plate method was used in a plate count agar (PCA) to count 
bacteria (total viable counts (TVC)) that were incubated at 
37 °C for 24 h.

Determination of FAAs

Homogenization of 1 g of the specimen was performed in 
ten percent sulfosalicylic acid solution for 1 min. By centri-
fuging at 4 °C for 15 min at 13,000 × g, filtering the super-
natant was performed within filters (0.22-μm) for measuring 
FAA utilizing an automatic amino acid analyzer.

Measurement of volatile compounds

To extract the fish volatile compounds, a solid-phase man-
ual headspace microextraction tool was used within a fiber 
(50/30 μm divinyl benzene-carboxy-polydimethylsiloxane), 
and a gas chromatography/mass spectrometer was used for 
analysis. Equilibration of the specimens was performed in 
headspace vials for 20 min at 60 °C, after exposure to Head-
space-solid phase microextraction (HS-SPME) at the same 
temperatures. For 35 min, absorption of the volatile profile 
was considered in the headspace over to SPME fibers. In 
the splitless injector port, HS-SPME fibers were desorbed 
thermally for 5 min at the temperature of 250 °C. Using a 
Rxi-1MS capillary column, the compounds were separated 
in the extract. The carrier gas was helium (purity of more 
than 99.995%) at 1 mL/min flow rate. Initially, for 3 min the 
temperature of column was 35 °C, it was raised to 200 °C 
(the 10 °C/min rate), then to 260 °C (a 20 °C/min rate) after 
maintaining for 11 min until the program ends. The mass 
spectrometer’s operation was in the electron effect mode 
with an electron energy of 70 eV and a source temperature 
of 230 °C. The spectral attainment was conducted in scan-
ning state (m/z30-500 amu scan range). A NIST search was 
performed to identify and quantify the volatile compounds 
utilizing the 2,4,6-trimethylpyridine internal standard.

ATP‑related compounds analysis

The ATP-related compounds were extracted and determined 
based on the former technique with some modifications. By 
homogenizing the thawed specimens (2 g) 7.5 mL of pre-
cooled 6% perchloric acid solution (v/v), then centrifuging 
was performed for 5 min (4 °C, 10,000 g). At the same con-
ditions, extraction of the precipitate was reperformed. Col-
lecting the supernatants, they were neutralized immediately 
by KOH solutions (1 and 10 mol  L−1) within the 6.5–6.8 
ultimate pH ranges, after centrifuging for 5 min (4  °C, 

3,000 g). The acquired supernatant was treated to 25 mL 
with cold distilled water, then to analyze the ATP-related 
compounds, filtering was performed through a 0.22-μm fil-
ter membrane utilizing an HPLC armed with a Waters C18 
column and a PDA detector. The isocratic elution process 
was employed with a mobile phase of 98% potassium phos-
phate buffer (0.05 M, pH 6.8) combined with 2% methanol. 
The detection wavelength and flow rates were respectively 
254 nm and 1.0 mL min-1. The ATP-based compounds were 
determined based on the standards peak area and retention 
time such as ADP, AMP, ATP, IMP, HxR, and Hx.

Statistical analysis

Statistical analysis was performed with SPSS software. The 
one-way analysis of variance (ANOVA) was used to com-
pare the mean, and then Duncan’s multiple range test was a 
statistical test for detecting significant differences.

Results and discussion

Sensory evaluation

Figure 1 shows the results of total acceptance scores of 
control samples and treated samples during storage. Total 
acceptance of fish defined with color, odor, and overall 
appearance. Sensory scores ranged from 1 to 5. At the begin-
ning of storage, sensory scores in all samples was 5, indi-
cating high-quality. Overall quality of fish with score less 
than 3 defined with signs including putrid odor, no shiny 
color, and overall unacceptability, which led to unaccepta-
ble for human consumption. The time of sensory rejection 
of control sample was observed after 8 days of storage, and 
then this sample was totally unacceptable after 16 days with 
generation of ammonia and fishy odors. According to Ola-
tunde et al. [28], sensory scores of Asian sea bass decreased 
during storage. Sensory scores of the treated samples were 
significantly lower that of the control samples. The reason of 
sensory deterioration may be caused by increased TMA-N 
content, nucleotide metabolism, bacterial spoilage, and 
lipid oxidation, resulting to produce off-odor and off-taste 
compounds [28, 29]. Sensory attributes of treated samples 
with composite coating (CC) and bilayer coating (BC) with 
behave similarly during the storage period, without great 
changes. Composite film (CF)/ or bi- layer film (BF) fillets 
containing CH and CMC is more effective than CC and BC 
in controlling sensory scores throughout the storage time, 
suggesting that antioxidant activity, antibacterial activity, 
and barrier properties of CH-CMC film. It can be concluded, 
film is more effective than coating in controlling sensory 
attributes of fillets. Extended inhibition of the TVC and lipid 
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oxidation by wrapped samples might be prevented the off-
odor development. Yu et al.[30] observed that raw grass carp 
treated with chitosan coatings had increasing acceptability 
than the control samples during storage at refrigerator. The 
results suggested that Asian sea bass fillets treated by CH-
CMC could be successfully extended shelf life (moderately 
fresh) at the end of storage and to delay the loss of freshness.

Changes in TMA‑N and TVC

Trimethylamine nitrogen (TMA-N) is one of the most 
important primary compounds to evaluate the off-odor and 
off-flavor in spoiled fish [30]. Changes in TMA-N value 
of Asian sea bass during storage for 16 days are shown 
in Fig. 2A. The initial TMA-N contents in all groups was 
0.81 mg N/100 g of flesh, which indicated fish freshness. 
TMA-N content of Asian sea bass fillets was increased 
gradually during the entire storage time (P < 0.05) for both 
control and treated samples by endogenous enzymes activi-
ties and metabolic activity of spoilage microorganisms such 
as Shewanella putrefaciens and Aeromonas spp, which pro-
duced ammonia and primary, secondary, and tertiary amines 
[31, 32]. The final contents of TMA-N in control samples 
sharply increased to 7.21 mg N/100 g of flesh, indicating the 
rapid deterioration of sensory properties on untreated sam-
ples at the end of storage and causes consumer rejection. The 
TMA-N content of samples coated/or wrapped with the CH-
CMC treated sample was consistent with decrease of fishy 
odor compounds because of antibacterial activity of them. 
This results was confirmed by Yu et al. [30]. The maximum 
acceptability level of TMA-N for sea bass are 5 mg N/100 g 
[33]. There was difference between composite and bilayer, 

as well as between coating and film. The TMA-N value of 
Asian sea bass fillets treated with CH-CMC remained below 
5 mg/100 g on the  16th day of storage.

Fig. 1  Changes in sensory 
evaluation of Asian sea bass fil-
lets during refrigerated storage. 
(Control = uncoated samples; 
CC = composite coating, 
BC = bilayer coating, CF = com-
posite film; BF = bilayer film)
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refrigerated storage. (Control = uncoated samples; CC = composite 
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The coating and wrapped process efficiency of Asian sea 
bass fillet samples on the total viable counts (TVC) dur-
ing storage at the refrigerator are shown in Fig. 2B. The 
initial TVC value in the Asian sea bass fillet were 1.21 
 log10 CFU/g, indicates that the Asian sea bass was of higher 
quality. The TVC increased exponentially over storage time 
(P < 0.05). By the day 16 of storage, the TVC count in CC, 
BC, and CF became more than 7  log10 CFU/g, which is 
higher than the maximally recommended limit in raw fish. 
BF did not achieve this count to the end of 16 days storage 
time. From the bacteriological point of view, control sam-
ples were acceptable up to 8-day storage. Treated samples 
(CC, BC, CF, and BF) led to a slower reduction in TVC in 
Asian sea bass compared to the control samples. There was 
no significant (P < 0.05) difference between the CC and BC, 
but there was significant different between the CF and BF. 
See Fig. 2.

Changes in free amino acids (FAAs)

Table 1 shows FAAs values of control and treated samples 
during storage at refrigerator. Eighteen FAAs were identi-
fied in Asian sea bass fillet. Histamin is a major FAAs in 
control and treated Asian sea bass, followed by Glycine, 
Isoleucine, Glutamic acid, and Taurine. In confirmation 

of this result, Shiau et al. [34] reported that white-fleshed 
fishes have higher histidine value comparison with oth-
ers. Although, Konosu et al. [35]; and Calanche et al. [36] 
observed that predominant FAA of white muscle fish was 
Taurine. The Histamin content of all groups ranged from 
36.94% to 46.80% of total FAAs contents. Similar results 
were found in previous studies in sea bass [37]. However, 
Yu et al. [30] reported that histidine was high at raw grass 
carp. FAAs effect on taste preferences (such as umami, bit-
ter, and sweet) to rejection or acceptance of seafood products 
[5]. In this study, some FAAs such as Gly, Ala, Ser, Pro, 
Arg, and Thr were contributor to sweet taste of foods. The 
presence of Asp and Glu were the most abundant free amino 
acids in seafood led to umami taste. Also, Val, Met, Ile, Leu, 
His, Phe, Lus, and Tyr imparted bitter taste. In addition, 
FAAs can cause non-enzymic Maillard browning reaction 
in seafood led to change of color flesh, which produced some 
volatile flavor compounds [38]. 

Histidine, lysine, arginine, alanine, taurine, and isoleu-
cine of all samples increased up to day 8 (P < 0.05) and the 
abrupt reduction was obtained at day 16 (Table 1). Similar 
results in raw grass carp were reported by Yu et al. [30]. 
Rigor-resolution of fish fillets can decrease the shelf life 
of fish due to activity of proteolytic enzymes, which effect 
on degradation of proteins. The enzymatic degradation of 
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Fig. 3  Content of sweet amino acids (a), bitter amino acids (b), and umami amino acids (c) in control and treated samples. (Control = uncoated 
samples; CC = composite coating, BC = bilayer coating, CF = composite film; BF = bilayer film)
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proteins was caused an increase of FAAs content of fillets 
during storage [39]. On the other hand, the reduction of total 
FAAs values of samples after 16 days storage at refrigerator 
could be due to a higher bacterial growth. Bacterial growth 
depend on water content of muscle and a source of energy 
such as glycogen, peptides, and free amino acids [36]. FAAs 
are precursors of biogenic amines due to microbial deami-
nation and decarboxylation of amino acids [40] such as his-
tamine produced from histidine by bacterial metabolism. 
This experiment displayed, among all of the samples, treated 
samples had higher total FAAs content due to the antibacte-
rial activities of CH for Asian sea bass fillet, as it was seen 
for water loss and bacterial counts. A lower bacterial count 
in coated sea bass fillet was observed compared to control 
samples (Fig. 2B). Aspartic acid, alanine, glutamic acid, 
and glycine have positive impact on taste characteristics 
of seafood and provide umami-sweetness taste [41]. There 
was no significant different in glycine content of control and 
coated samples. Glutamic acid and aspartic acid values of 
treated samples was higher than control samples at the end 
of storage. All samples significantly increased the alanine 
content of fillets, but the lowest alanine content was belong-
ing to control samples. The obtained contents of sweet and 
umami amino acids of all samples significantly increased 
at the end of storage while value of bitter amino acids of 
samples increased within first 8 days and then decreased 
significantly (Fig. 3). The bitter and sweet amino acids were 
most abundant in all samples. Highest contents of bitter and 
sweet amino acids were observed in CC and BF, respec-
tively. Overall, this study showed that FAAs content of sea 
bass fillet changed in the sensory attributes, such as taste, 
odor, color. The bitter amino acids content of Asian sea bass 
were high, but total FAAs and some FAAs with sweet taste 
was decreased bitter tastes by edible chitosan-CMC-based 
coating and film.

Changes of volatile organic compounds in Asian sea 
bass

As shown in Table 2, there was 29 volatile organic com-
pounds (VOCs) including aldehyde, ketones, and alcohols, 
with small amounts of hydrocarbons in both control and 
treated samples. Polyunsaturated acids (PUFAs) of fish 
contribute to generation of VOCs by the activity of liopxy-
genase, also may be produced by undergo auto-oxidation 
[42]. However, liopxygenase oxidation seems to be the most 
important cause of the formation of VOCs at fresh fish. Dis-
tinction between enzymatic oxidation and auto-oxidative is 
not clear, because both methods can cause to produce of 
these compounds [43]. Aldehydes, as secondary oxidation 
products, have low odor and flavor thresholds than ketones 
and alcohols [44]. According to Frankel [45], some alde-
hydes such as hexanal, (E)-2-hexenal, and 2,4-heptadienals, 

are markers for lipid oxidation. It was found that the hexa-
nal (that come from oxidation of n-6 fatty acids (linoleic 
acid)) was the most predominant compound compared with 
other compounds in aldehydes, for production of a greater 
intensity of fishy odor [46]. Furthermore, other compounds 
of aldehydes such as Heptanal, octanal, and (E)-2-decenal 
can also effect to generation of fishy odor [47]. Alcohols 
levels were generally higher in the samples, followed by 
aldehydes and ketons. Combination of volatile aldehydes 
with alcohol compounds cause to decrease smell/odor of 
freshwater fish [48]. In this study, higher abundances of 
alcohol belonged to 1-hexanol. Ketones and hydrocarbons 
have insignificant effect on the production of fishy odor due 
to their own high threshold. Similar results were reported 
by Zhou et al. [47]. The coated/wrapped samples markedly 
decreased the contents of ketones and hydrocarbons because 
of lower metabolic substances of Pseudomonas [49]. These 
results recommended that alcohols largely contributed to the 
odor and flavor of Asian sea bass. These results indicated 
that treated samples was effective to prevent the production 
of VOCs in Asian sea bass, probably due to biopolymers 
as antioxidant agents, which further delayed oxidative pro-
cesses and retarded spoilage. The production of fishy odor 
related to the identified volatile compounds (aldehydes and 
alcohols), resulting lipid oxidation [46]. CMC can signifi-
cantly decrease of the oxidation of lipid of fillets due to oxy-
gen barrier properties [20]. However, CMC as biopolymers 
needs to improve of antioxidant properties [50]. CMC coat-
ings have the potential to combine with other biopolymers. 
A low abundance of off-odor compounds in treated samples 
were probably attributed to the antibacterial effects of the 
active packaging. According to Parlpani et al. [49], a low 
spoilage bacteria count of treated samples was also caused 
to generation little VOCs, because of partial metabolism of 
these bacteria including Pseudomonas spp, Shewanella spp, 
and Enterobacteriaceae.

Changes in ATP related compounds and K value

Figure 4a, b, c, d, e, and f shows changes in concentration 
of ATP related compounds, including adenosine- 5′-triphos-
phate (ATP), adenosine-5′-diphosphate (ADP), adenosine- 
5′- monophosphate (AMP), inosine- 5′- monophosphate 
(IMP), inosine (HxR), and hypoxanthine (Hx) in Asian sea-
bass fillets stored at refrigerator, respectively. The amount 
of adenine nucleotides and its breakdown products in the 
muscle of fish are reliable index of seafood freshness. At the 
beginning of the storage, ATP, ADP, and AMP contents in 
the all samples was 1.5, 0.74, and 1.61 µ mol/g, respectively. 
The ATP, ADP, and AMP values of all samples decreased 
throughout storage, which is higher than control (P < 0.05). 
After death of fish, ATP, ADP, and AMP contents rapidly 
decreased due to activity of endogenous autolytic enzymes. 
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Treated groups indicated a significantly (P < 0.05) higher 
ATP, ADP, and AMP values than the control samples, which 
might be attributed to the reduction of activities of endoge-
nous autolytic enzymes or bacterial activity. IMP is produced 
through decomposition of AMP by AMP-deaminase [51]. 
Among 5ˊ-nucleotide, IMP is responsible for umami taste 
[6]. IMP was gradually decreased which caused to change 
to flavor of seafood and a loss freshness [52]. IMP with Glu-
tamic acid was caused meaty-flavor. The initial IMP level of 
all samples was 9.24 µ mol/g. The amount of IMP was sig-
nificantly (P < 0.05) decreased in all samples. IMP content 
of treated samples slowly decreased compared with control 

samples because of slowly degraded to Inosine (HxR) and 
Hypoxanthin (Hx), indicating that treated samples decreased 
related enzymes activity. According to Itoh & Kimura [53], 
reduction of IMP can led to progressive loss of the desir-
able fresh seafood flavor. IMP content of treated samples 
dramatically increases and reached the maximal content at 
 16th day because of rapid metabolic rate and rapid consump-
tion of ATP. Similar results were resulted by Shi et al. [39]. 
Therefore, this results indicated that biopolymers may result 
in variations in the accumulation of IMP in Asian sea bass 
fillets. The Hx can used to detection of freshness index in 
seafood when the population of spoilage bacteria should be 

Table 2  Changes of volatile organic compounds in control and coated Asian sea bass during storage at refrigerator

(Control: uncoated samples; CC: composite coating, BC: ilayer coating, CF: composite film; BF: bilayer film)

Day 0 Day 8 Day 16

Compounds Control CC BC CF BF Control CC BC CF BF

Aldehydes
3-methylbutanal 1.20 3.22 3.13 3.42 3.12 3.41 4.21 3.52 3.75 3.42 3.52
2-methylbutanal – – – – – – 0.11 0.16 – – –
Hexanal 5.22 8.23 7.23 6.23 6.12 6.13 21.23 17.23 17.10 17.03 16.01
(E)-2-hexanal 0.98 1.03 1.10 1.11 1.06 1.08 5.23 2.02 – – –
(E,E)-2,4-heptadienal 0.09 0.12 0.01 0.03 0.02 – 0.24 0.16 0.18 – –
Heptanal 0.08 0.17 0.10 0.08 0.06 0.09 0.21 – – – –
Octanal 0.01 0.20 0.15 0.16 – – 0.42 – – – –
Butanal – – – – – – 0.15 – 0.25 0.26 –
Nonanal 0.75 0.95 0.55 0.45 0.51 0.53 1.02 0.98 0.85 0.84 0.72
Alcohols
Ethanol 0.81 3.04 1.06 1.52 1.85 1.74 4.52 2.26 2.74 2.41 2.32
1-pentanol 1.06 5.02 2.03 2.06 2.45 2.82 6.52 3.21 3.45 4.02 5.02
1-hexanol 8.12 18.23 12.23 11.02 12.06 12.41 13.23 12.02 11.02 11.23 11.52
2-butoxyethanol 0.37 1.12 – – – – 3.21 0.89 0.75 0.65 0.64
1-heptanol 0.01 0.11 0.10 0.09 0.12 0.10 1.52 0.19 0.20 0.12 0.26
1-decanol 0.08 1.62 0.70 0.52 0.54 0.64 3.23 1.65 1.42 1.06 1.72
1-dodecanol 0.04 0.51 0.42 0.25 0.64 0.12 0.89 0.54 0.65 0.42 0.43
1-penten-3-ol 0.65 1.06 0.99 0.98 0.85 0.97 5.23 1.06 1.52 1.42 4.75
1-octen-3-ol 0.01 0.12 – – – – – – – – 0.21
(Z)-2-pentenol 0.05 0.74 – – – – – – – – –
Ketons
2,3pentanedione 1.33 2.52 1.98 1.87 1.87 1.46 4.23 3.26 3.41 3.19 3.11
3-pentanone 0.07 0.32 – – – – 0.52 – – – –
Hydroxyl-2-butanone 1.11 2.32 1.52 1.85 1.98 1.78 5.23 3.23 3.12 3.75 3.96
2,3-octanedione 0.05 0.84 – – – – 1.12 – – 0.48 –
3-pentanone 0.01 0.16 0.18 0.21 0.24 0.20 3.52 2.06 2.08 1.98 1.75
6-metgyl-5-heptan-2-one 0.08 0.28 0.15 0.19 0.18 0.16 0.84 0.21 0.23 0.28 0.34
Hydrocarbons
Methylbenzene (toluene) 0.37 0.98 0.57 0.54 0.46 0.42 2.25 2.45 1.65 1.71 1.65
Ethylbenzene 0.07 2.42 2.25 2.42 2.12 2.03 5.12 3.29 3.03 3.41 3.15
Dimethylbenzene 0.16 0.98 0.52 0.42 0.62 0.98 2.55 1.98 1.66 1.52 1.21
Ethenylbenzene 0.10 0.62 – – – – 1.52 – – – –



The influence of chitosan‑carboxymethyl celloluse composite and bi‑layer film and coatings…

1 3

aA

bD

cC

dD

dD

aA

bB
C

cB

dC

eC

aA

bC

cB

dB

eB

aA

bB

cA

dB

eB

aA

bA

cA

dA dA

0

0.5

1

0 4 8 12 16

Control

CC

BC

CF

BF

B

A
D

P 
(µ

m
ol

/g
 sa

m
pl

e)

Storage time(day ) 

aA

bD

cD

dD

eD

aA

bB

cB dB

eB

aA

bA cA

dA eA

aA

bC

cC

dC

eC

aA

bD

cC

dC

eC
D

0

0.5

1

1.5

2

0 4 8 12 16

Control

CC

BC

CF

BF

C D

A
M

P 
(µ

m
ol

/g
 sa

m
pl

e)

Storage time(day ) 

aA

aB

bC

cC

dC

aA aA

bB

cA

dC

aA

aA

bB

cA

dA
B

aA aA

bB

cB

dA

aA aA

bA

cA
B

dB

0
1
2
3
4
5
6
7
8
9

10

0 4 8 12 16

Control

CC

BC

CF

BF

IM
P 

(µ
m

ol
/g

 sa
m

pl
e)

Storage time(day ) 

aA

bD

cD

dE

eF

aA

bB

cB dB

eB

aA

bA cA

dA

eA

aA

bC

cC

dD

eE

aA

bB

cB

dC

eC

0

0.5

1

1.5

2

0 4 8 12 16

Control

CC

BC

CF

BF

A
A

TP
 (µ

m
ol

/g
 sa

m
pl

e)

Storage time(day ) 

aA

dA

cA

aA

bA

aA

cA
B

bA
B

aB aB

aA

cA

bB

aC aC

aA

dB

cC

bD

aC
D

aA

dA
B cC

bE

aD

0
0.5
1

1.5
2

2.5
3

3.5
4

4.5
5

5.5

0 4 8 12 16

Control

CC

BC

CF

BF

E

H
xR

 (µ
m

ol
/g

 sa
m

pl
e)

Storage time(day ) 

aA

dA

cA

bA

aA

aA dB

cB

bB

aB

aA dB

cB

bB
C

aB

aA dC

cB

bC aC

aA dC

cB

bC aC

0

0.5

1

1.5

2

2.5

3

0 4 8 12 16

Control

CC

BC

CF

BF

F

H
x 

(µ
m

ol
/g

 sa
m

pl
e)

Storage time(day ) 

aA

dA

cA

bA

aA

aA

dB

cB

bB

aB

aA

dB
C

cB

bC

aC

aA

dC

cB

bC

aC

aA

dB
C

cB

bD

aC

0

20

40

60

80

100

0 4 8 12 16

Control

CC

BC

CF

BF

G

K
 v

al
ue

 (%
)

Storage time(day ) 

Fig. 4  Changes in ATP related compounds and K value of Asian sea bass fillets during refrigerated storage. (Control = uncoated samples; 
CC = composite coating, BC = bilayer coating, CF = composite film; BF = bilayer film)
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less than  106 cfu/g [54]. Production of HxR and Hx cause 
to off-flavor in fish muscle led to decrease the freshness of 
fillets. Accumulation of Hx and HxR in fish fillets cause to 
produce a bitter taste [54]. Initial HxR and Hx levels samples 
was 0.56 and 0.04 µ mol/g. Hx levels in the treated samples 
decreased significantly, which was probably correlated to the 
reduction of autolytic enzyme activities (5-nucleotidase) and 
bacteria enzymes (inosine nucleotidase) produced by includ-
ing Pseudomonas spp., S. putrefaciens, and P. phosphoreum 
[55]. Slowly increasing of Hx level of treated samples was 
consistent with antibacterial activity of chitosan, resulting to 
inhibit effectively the increase of bacterial count. This result 
showed that decomposition of IMP and production of Hx in 
fish muscle can lead to progressive loss of a desirable flavor 
and exhibit a bitter taste.

K value, as a freshness index of fish, was originally 
determined due to sum of concentration of ATP and its 
breakdown products.54 K values of fresh, moderately, and 
spoilage fish are below 20%, between 20–60% and higher 
than 60%, respectively [56]. The initial K value of all 
samples was 4.36%, indicating Asian sea bass was fresh 
(Fig. 4g). The K value of treated samples was higher com-
pared to control samples. This could be explained by the 
antibacterial properties of CH to minimize 5-nucleotidase 
activity, resulting inhibited breakdown of IMP. Similar 
study was observed by Li et al. [57], who indicated effect 
of chitosan coatings containing natural preservatives on 
the reduction of adenine nucleotides and their related com-
pounds. Thus, this study indicated that application of poly-
saccharide or natural additives with inhibiting the growth 
of bacteria could provide to improve the shelf life of fish 
fillets. K value of control samples exceeded 60% at 12 days 
of storage period, which rejected acceptability of Asian 
sea bass fillets. By day 16 of storage, K value in Asian 
sea bass fillet became more than 60% for CC samples. K 
value of BC, CF, and BF samples did not reach the maxi-
mum acceptable level at 16 days of storage period. There-
fore, it can be concluded that K value cannot be a suitable 
indicator to determine changes in nucleotide degradation 
products and shelf life of Asian sea bass fillets. Also, the 
results of study indicated that samples treated with BC, 
CF, and BF were effective in inhibiting the decomposition 
of ATP and preserving better seafood quality.

Conclusion

This study showed that, with using chitosan- carboxymethyl 
celloluse composite and bi-layer coating and film, flavor 
intensity decreased, to the point of undesirability for many 
consumers. Moreover, the umami, bitter, and sweet tastes 
of fillet depend on the free amino acids composition. In raw 
Asian sea bass, the predominant compounds in formation 

off-flavor was bitter amino acids, alcohols, and Hx. The 
chitosan- carboxymethyl celloluse composite and bi-layer 
coating and film of Asian sea bass significantly decreased 
the amount of volatile profile and prevented fishy odor gen-
eration during entire storage time. Overall, the film was bet-
ter than ones coating in reducing slowly FAAs, VOCs, and 
nucleotide metabolism of fillets at the end of storage.

Acknowledgements This research was supported by Khorramshahr 
University of Marine Science and Technology.

Author contribution SS: Investigation, Methodology. AK: Conceptual-
ization, Writing—review & editing. Conceptualization, Methodology, 
Writing—review & editing. SMH: Conceptualization, Writing – review 
& editing.

Funding This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Declarations 

Conflict of interest We wish to confirm that there are no known con-
flicts of interest associated with this publication. The authors declared 
that they have no conflicts of interest to this work.

References

 1. H.U. Hassan, Q. Mohammad Ali, N. Ahmad, Z. Masood, M. 
Yeamin Hossain, K. Gabol, W. Khan, M. Hussain, A. Ali, M. 
Attaullah, M. Kamal, Assessment of growth characteristics, the 
survival rate and body composition of Asian sea bass Lates cal-
carifer (Bloch, 1790) under different feeding rates in closed aqua-
culture system. Saudi J Biol Sci 28(2), 1324–1330 (2020). https:// 
doi. org/ 10. 1016/j. sjbs. 2020. 11. 056

 2. S. Arashisara, O. Hisar, M. Kaya, T. Yanik, Effects of modifiedat-
mosphere and vacuum packaging on microbiological andchemical 
properties of rainbow trout (Oncorynchus mykiss) fillets. Int J 
Food Microbiol 97(2), 209–214 (2004). https:// doi. org/ 10. 1016/j. 
ijfoo dmicro. 2004. 05. 024

 3. J. Yue, Y. Zhang, Y. Jin, Y. Deng, Y. Zhao, Impact of high hydro-
static pressure on non-volatile and volatile compounds of squid 
muscles. Food Chem 194, 12–19 (2016). https:// doi. org/ 10. 1016/j. 
foodc hem. 2015. 07. 134

 4. N. Zhang, W. Wang, B. Li, Y. Liu, Non-volatile taste active 
compounds and umami evaluation in two aquacultured puffer-
fish (Takifugu obscurus and Takifugu rubripes). Food Biosci 32, 
100468 (2019). https:// doi. org/ 10. 1016/j. fbio. 2019. 100468

 5. Z. Duan, Y. Zhou, W. Liu, C.C. Shi, L. Li, Y. Dong, Q. Gao, S. 
Dong, Variations in flavor according to fish size in rainbow trout 
(Oncorhynchus mykiss). Aquacult 526, 735398 (2020). https:// doi. 
org/ 10. 1016/j. aquac ulture. 2020. 735398

 6. D. Yu, D. Jing, F. Yang, P. Gao, Q. Jiang, Y. Xu, P. Yu, W. Xia, 
The factors influencing the flavor characteristics of frozen obscure 
pufferfish (Takifugu Obscurus) during storage: Ice crystals, 
endogenous proteolysis and oxidation. Int J Refrig. 122, 147–155 
(2021). https:// doi. org/ 10. 1016/j. ijref rig. 2020. 10. 028

 7. W. Guan, X. Ren, Y. Li, L. Mao, The beneficial effects of grape 
seed, sage and oregano extracts on the quality and volatile flavor 
component of hairtail fish balls during cold storage at 4°C. LWT- 
Food Sci Technol 101, 25–31 (2019). https:// doi. org/ 10. 1016/j. 
lwt. 2018. 11. 024

https://doi.org/10.1016/j.sjbs.2020.11.056
https://doi.org/10.1016/j.sjbs.2020.11.056
https://doi.org/10.1016/j.ijfoodmicro.2004.05.024
https://doi.org/10.1016/j.ijfoodmicro.2004.05.024
https://doi.org/10.1016/j.foodchem.2015.07.134
https://doi.org/10.1016/j.foodchem.2015.07.134
https://doi.org/10.1016/j.fbio.2019.100468
https://doi.org/10.1016/j.aquaculture.2020.735398
https://doi.org/10.1016/j.aquaculture.2020.735398
https://doi.org/10.1016/j.ijrefrig.2020.10.028
https://doi.org/10.1016/j.lwt.2018.11.024
https://doi.org/10.1016/j.lwt.2018.11.024


The influence of chitosan‑carboxymethyl celloluse composite and bi‑layer film and coatings…

1 3

 8. L. Cai, X. Wu, X. Li, K. Zhong, Y. Li, J. Li, Effects of different 
freezing treatments on physicochemical responses and microbial 
characteristics of Japanese sea bass (Lateolabrax japonicas) fil-
lets during refrigerated storage. LWT- Food Sci Technol 59(1), 
122–129 (2014). https:// doi. org/ 10. 1016/j. lwt. 2014. 04. 062

 9. S. Jafarzadeh, A. Abdorreza Mohammadi Nafchi, A. Salehabadi, 
N. Oladzad-abbasabadi, S.M. Jafari, Application of bio-nano-
composite films and edible coatings for extending the shelf life 
of fresh fruits and vegetables. Adv Colloid Interface Sci 291, 
e102405 (2021)

 10. S. Ekramian, H. Abbaspour, B. Roudi, L. Amjad, A. Moham-
madi Nafchi, An experimental study on characteristics of sago 
starch film treated with methanol extract from Artemisia sieberi 
Besser. J Food Meas Charact 15, 3298–3306 (2021)

 11. D. Mousavian, A. Mohammadi Nafchi, L. Nouri, A. Abedinia, 
Physicomechanical properties, release kinetics, and antimicro-
bial activity of activated low-density polyethylene and orien-
tated polypropylene films by Thyme essential oil active com-
ponent. J Food Meas Charact 15, 883–891 (2021)

 12. E. Jahdkaran, S.E. Hosseini, A. Mohammadi Nafchi, L. Nouri, 
The effects of methylcellulose coating containing carvacrol or 
menthol on the physicochemical, mechanical, and antimicro-
bial activity of polyethylene films. Food Sci Nutr 9, 2768–2778 
(2021)

 13. V. Falguera, J.P. Quintero, A. Jiménez, J.A. Munoz, A. Ibarz, 
Edible films and coatings: structures, active functions and trends 
in their use. Trends Food Sci Technol 22, 292–303 (2011). https:// 
doi. org/ 10. 1016/j. tifs. 2011. 02. 004

 14. M.B. Vásconez, S.K. Flores, C.A. Campos, J. Alvarado, L.N. 
Gerschenson, Antimicrobial activity and physical properties of 
chitosan–tapioca starch based edible films and coatings. Food Res 
Int 42(7), 762–769 (2009). https:// doi. org/ 10. 1016/j. foodr es. 2009. 
02. 026

 15. M.N. Antoniewski, S.A. Barringer, C.L. Knipe, H.N. Zerby, Effect 
of a gelatin coating on the shelf life of fresh meat. J Food Sci 
72, 382–387 (2007). https:// doi. org/ 10. 1111/j. 1750- 3841. 2007. 
00430.x

 16. Y. Shahbazi, Application of carboxymethyl cellulose and chitosan 
coatings containing Mentha spicata essential oil in fresh strawber-
ries. Int J Biol Macromol. 112, 264–272 (2018). https:// doi. org/ 
10. 1016/j. ijbio mac. 2018. 01. 186

 17. C. Ruan, Y. Zhang, Y. Sun, X. Gao, G. Xiong, J. Liang, Effect of 
sodium alginate and carboxymethyl cellulose edible coating with 
epigallocatechin gallate on quality and shelf life of fresh pork. Int 
J Biol Macromol 141, 178–184 (2019). https:// doi. org/ 10. 1016/j. 
ijbio mac. 2019. 08. 247

 18. N. Noshirvani, B. Ghanbarzadeh, R. Rezaei Mokarram, M. 
Hashemi, Novel active packaging based on carboxymethyl cel-
lulose-chitosan-ZnO NPs nanocomposite for increasing the shelf 
life of bread. Food Packag Shelf Life 11, 106–114 (2017). https:// 
doi. org/ 10. 1016/j. fpsl. 2017. 01. 010

 19. Y. Han, L. Wang, Sodium alginate/carboxymethyl cellulose films 
containing pyrogallic acid: physical and antibacterial properties. 
J Sci. Food Agric 97, 1295–1301 (2017). https:// doi. org/ 10. 1002/ 
jsfa. 7863

 20. M. Raeisi, H. Tajik, J. Aliakbrlu, S.H. Mirhosseini, S.M.H. Hos-
seini, Effect of carboxymethyl cellulose-based coatings incorpo-
rated with Zataria multiflora Boiss essential oil and grape seed 
extract on the shelf life of rainbow trout fillets. LWT- Food Sci 
Technol 64(2), 898–904 (2015). https:// doi. org/ 10. 1016/j. lwt. 
2015. 06. 010

 21. C. Zhang, X. Yang, Y. Li, C. Qiao, S. Wang, X. Wang, C. Xu, H. 
Yang, T. Li, Enhancement of a zwitterionic chitosan derivative 
on mechanical properties and antibacterial activity of carboxym-
ethyl cellulosebased films. Int. J. Biol. Macromol. 159, 1197–1205 
(2020). https:// doi. org/ 10. 1016/j. ijbio mac. 2020. 05. 080

 22. M. Elsabee, E.S. Abdou, Chitosan based edible films and coatings: 
a review. Mater Sci Eng C 33(4), 1819–1841 (2013). https:// doi. 
org/ 10. 1016/j. msec. 2013. 01. 010

 23. F. Nowzari, B. Shabanpour, S.M. Ojagh, Comparison of chitosan- 
gelatin composite and bilayer coating and film effect on the qual-
ity of refrigerated rainbow trout. Food Chem 141(3), 1667–1672 
(2013). https:// doi. org/ 10. 1016/j. foodc hem. 2013. 03. 022

 24. A. Khezrian, Y. Shahbazi, Application of nanocompostie chitosan 
and carboxymethyl cellulose films containing natural preservative 
compounds in minced camel’s meat. Int J Biol Macromol. 106, 
1146–1158 (2018). https:// doi. org/ 10. 1016/j. ijbio mac. 2017. 08. 
117

 25. R.K. Sekhon, M.W. Schilling, T.W. Phillips, M.J. Aikins, M.M. 
Hasan, A. Corzo, W.B. Mikel, Effects of phosphine and methyl 
bromide fumigation on the volatile flavor profile and sensory qual-
ity of dry cured ham. Meat Sci 86(2), 411–417 (2010). https:// doi. 
org/ 10. 1016/j. meats ci. 2010. 05. 026

 26. ISO, Sensory analysis—general guidance for the selection, 
training and monitoring of assessors. Part 1: Selected assessors, 
8586–1, (Genf, Switzerland, The International Organization for 
Standardization, 1993) pp. 1–10

 27. AOAC, Association of Official Analytiacal Chemists, 15th edn. 
(Washington DC, Chapter 35, 1995) pp. 7–9

 28. O.O. Olatunde, S. Benjakul, K. Vongkamjan, Shelf-life of refrig-
erated Asian sea bass slices treated with cold plasma as affected 
by gas composition in packaging. Int J Food Microbiol 324, 
108612 (2020). https:// doi. org/ 10. 1016/j. ijfoo dmicro. 2020. 108612

 29. S. Maqsood, S. Benjakul, Retardation of haemoglobin-mediated 
lipid oxidation of Asian sea bass muscle by tannic acid during 
iced storage. Food Chem 124(3), 1056–1062 (2011). https:// doi. 
org/ 10. 1016/j. foodc hem. 2010. 07. 077

 30. D. Yu, Y. Xu, J.M. Regensteun, W. Xia, F. Yanf, Q. Jiang, B. 
Wang, The effects of edible chitosan-based coatings on flavor 
quality of raw grass carp (Ctenopharyngodon idellus) fillets dur-
ing refrigerated storage. Food Chem 242, 420–421 (2018). https:// 
doi. org/ 10. 1016/j. foodc hem. 2017. 09. 037

 31. S. Kakaei, Y. Shahbazi, Effect of chitosan-gelatin film incorpo-
rated with ethanolic red grape seed extract and Ziziphora clino-
podioides essential oil on survival of Listeria monocytogenes and 
chemical, microbial and sensory properties of minced trout fillet. 
LWT Food Sci Techol 72, 432–438 (2016). https:// doi. org/ 10. 
1016/j. lwt. 2016. 05. 021

 32. L. Gram, P. Dalgaard, Fish spoilage bacteria-problems and solu-
tions. Curr Opin Biotechnol 13(3), 262–266 (2002). https:// doi. 
org/ 10. 1016/ S0958- 1669(02) 00309-9

 33. P. Masniyom, S. Benjakul, W. Visessanguan, Shelf-life extension 
of refrigerated sea bass slices under modified atmosphere packag-
ing. J Sci Food Agric 82(8), 873–880 (2002). https:// doi. org/ 10. 
1002/ jsfa. 1108

 34. C.Y. Shiau, Y.J. Pong, T.K. Chiou, Y.Y. Tin, Effect of starva-
tion on free histidine and amino acids in white muscle of Milk-
fish Chanos chanos. Comp Biochem Physiol B 128(3), 501–506 
(2001). https:// doi. org/ 10. 1016/ S1096- 4959(00) 00350-X

 35. S. Konosu, K. Yamaguchi, The flavor components in fish and 
shellfish, in Chemistry & Biochemistry of Marine Food Prod-
ucts. ed. by R.E. Martin, G.J. Flick, D.R. Ward (AVI Publishing, 
Westport, 1982), pp. 367–404

 36. J. Calanche, A. Tomas, S. Martinez, M. Jover, V. Alonso, P. Ron-
calés, J.A. Beltrán, Relation of quality and sensory perception 
with changes in free amino acids of thawed seabream (Sparus 
aurata). Food Res Int 119, 126–134 (2019). https:// doi. org/ 10. 
1016/j. foodr es. 2019. 01. 050

 37. A. Fuentes, I. Fernández-Segovia, J.A. Serra, J.M. Barat, Compar-
ison of wild and cultured sea bass (Dicentrarchus labrax) quality. 
Food Chem 119(4), 1514–1518 (2010). https:// doi. org/ 10. 1016/j. 
foodc hem. 2009. 09. 036

https://doi.org/10.1016/j.lwt.2014.04.062
https://doi.org/10.1016/j.tifs.2011.02.004
https://doi.org/10.1016/j.tifs.2011.02.004
https://doi.org/10.1016/j.foodres.2009.02.026
https://doi.org/10.1016/j.foodres.2009.02.026
https://doi.org/10.1111/j.1750-3841.2007.00430.x
https://doi.org/10.1111/j.1750-3841.2007.00430.x
https://doi.org/10.1016/j.ijbiomac.2018.01.186
https://doi.org/10.1016/j.ijbiomac.2018.01.186
https://doi.org/10.1016/j.ijbiomac.2019.08.247
https://doi.org/10.1016/j.ijbiomac.2019.08.247
https://doi.org/10.1016/j.fpsl.2017.01.010
https://doi.org/10.1016/j.fpsl.2017.01.010
https://doi.org/10.1002/jsfa.7863
https://doi.org/10.1002/jsfa.7863
https://doi.org/10.1016/j.lwt.2015.06.010
https://doi.org/10.1016/j.lwt.2015.06.010
https://doi.org/10.1016/j.ijbiomac.2020.05.080
https://doi.org/10.1016/j.msec.2013.01.010
https://doi.org/10.1016/j.msec.2013.01.010
https://doi.org/10.1016/j.foodchem.2013.03.022
https://doi.org/10.1016/j.ijbiomac.2017.08.117
https://doi.org/10.1016/j.ijbiomac.2017.08.117
https://doi.org/10.1016/j.meatsci.2010.05.026
https://doi.org/10.1016/j.meatsci.2010.05.026
https://doi.org/10.1016/j.ijfoodmicro.2020.108612
https://doi.org/10.1016/j.foodchem.2010.07.077
https://doi.org/10.1016/j.foodchem.2010.07.077
https://doi.org/10.1016/j.foodchem.2017.09.037
https://doi.org/10.1016/j.foodchem.2017.09.037
https://doi.org/10.1016/j.lwt.2016.05.021
https://doi.org/10.1016/j.lwt.2016.05.021
https://doi.org/10.1016/S0958-1669(02)00309-9
https://doi.org/10.1016/S0958-1669(02)00309-9
https://doi.org/10.1002/jsfa.1108
https://doi.org/10.1002/jsfa.1108
https://doi.org/10.1016/S1096-4959(00)00350-X
https://doi.org/10.1016/j.foodres.2019.01.050
https://doi.org/10.1016/j.foodres.2019.01.050
https://doi.org/10.1016/j.foodchem.2009.09.036
https://doi.org/10.1016/j.foodchem.2009.09.036


 S. Sadeghi et al.

1 3

 38. M. Aaslyng, L. Meinert, Meat flavour in pork and beef – From 
animal to meal. Meat Sci 132, 112–117 (2017). https:// doi. org/ 
10. 1016/j. meats ci. 2017. 04. 012

 39. C. Shi, J. Cui, Y. Qin, Y. Luo, H. Lu, H. Wang, Effect of ginger 
extract and vinegar on ATP metabolites, IMP-related enzyme 
activity, reducing sugars and phosphorylated sugars in silver 
carp during postslaughter storage. Int J Food Sci Technol 52(2), 
413–423 (2017). https:// doi. org/ 10. 1111/ ijfs. 13296

 40. S. Zhuang, H. Hong, L. Zhang, Y. Luo, Spoilage-related micro-
biota in fish and crustaceans during storage: Research progress 
and future trends. Compr Rev Food Sci Food Saf 20(1), 252–
288 (2021). https:// doi. org/ 10. 1111/ 1541- 4337. 12659

 41. Ö. Özden, Changes in amino acid and fatty acid composition 
during shelf-life of marinated fish. J Sci Food Agric 85, 2015–
2020 (2005). https:// doi. org/ 10. 1002/ jsfa. 2207

 42. K.H. Sabeena Farvin, H.D. Grejsen, C. Jacobsen, Potato peel 
extract as a natural antioxidant in chilled storage of minced 
horse mackerel (Trachurus trachurus): Effect on lipid and pro-
tein oxidation. Food Chem 131(3), 843–851 (2012). https:// doi. 
org/ 10. 1016/j. foodc hem. 2011. 09. 056

 43. P.S. Uriarte, M.D. Guillén, Formation of toxic alkylbenzenes 
in edible oils submitted to frying temperature: influence of oil 
composition in main components and heating time. Food Res 
Int 43(8), 2161–2170 (2010). https:// doi. org/ 10. 1016/j. foodr es. 
2010. 07. 022

 44. V. Varlet, C. Prost, T. Serot, Volatile aldehydes in smoked 
fish: analysis methods, occurence and mechanisms of forma-
tion. Food Chem 105(4), 1536–1556 (2007). https:// doi. org/ 10. 
1016/j. foodc hem. 2007. 03. 041

 45. E.N. Frankel, in Lipid Oxidation, 2nd edn., ed. by E.N. Frankel 
(TheOily Press, Bridgwater, 2005), p. 99

 46. Y. Thiansilakul, S. Benjakul, M.R. Richards, The effect of Fen-
ton’s reactants and aldehydes on the changes of myoglobin from 
Eastern little tuna (Euthynnus affinis) dark muscle. Eur Food 
Res Technol 232, 221–230 (2010). https:// doi. org/ 10. 1007/ 
s00217- 010- 1370-z

 47. X. Zhou, Y. Chong, Y. Ding, S. Gu, L. Liu, Determination of the 
effects of different washing processes on aroma characteristics 
in silver carp mince by MMSE–GC–MS, e-nose and sensory 
evaluation. Food Chem. 207, 205–213 (2016). https:// doi. org/ 
10. 1016/j. foodc hem. 2016. 03. 026

 48. G.M. Turchini, V.M. Moretti, T. Mentasti, E. Orban, F. Val-
frè, Effects of dietary lipid source on fillet chemical composi-
tion, flavour volatile compounds and sensory characteristics in 

the freshwater fish tench (Tinca tinca L.). Food Chem 102(4), 
1144–1155 (2007). https:// doi. org/ 10. 1016/j. foodc hem. 2006. 07. 
003

 49. F.F. Parlapani, A. Mallouchos, A. Serkos, S.A. Haroutounian, I.S. 
Boziaris, Microbiological spoilage and investigation of volatile 
profile during storage of sea bream fillets under various condi-
tions. Int J Food Microbiol 189, 153–163 (2014). https:// doi. org/ 
10. 1016/j. ijfoo dmicro. 2014. 08. 006

 50. M.A. Nouri Ala, Y. Shahbazi, The effects of novel bioactive car-
boxymethyl cellulose coatings on food-borne pathogenic bacteria 
and shelf life extension of fresh and sauced chicken breast fillets. 
LWT-Food Sci Technol 111, 602–611 (2019). https:// doi. org/ 10. 
1016/j. lwt. 2019. 05. 092

 51. D. Li, L. Zhang, S. Song, Z. Wang, C. Kong, Y. Luo, The role 
of microorganisms in the degradation of adenosine triphosphate 
(ATP) in chill-stored common carp (Cyprinus carpio) fillets. Food 
Chem 224, 347–352 (2017). https:// doi. org/ 10. 1016/j. foodc hem. 
2016. 12. 056

 52. M.A. Mazorra-Manzano, R. Pacheco-Aguilar, E.I. Díaz-Rojas, 
M.E. Lugo-Sánchez, Postmortem changes in black skipjack 
muscle during storage in ice. J Food Sci 65(5), 774–779 (2000). 
https:// doi. org/ 10. 1111/j. 1365- 2621. 2000. tb135 85.x

 53. R. Itoh, K. Kimura, Occurrence of IMP-GMP 5′-nucleotidase in 
three fish species: a comparative study on Trachurus japonicus, 
Oncorhynchus masou masou and Triakis scyllium. Comp Biochem 
Physiol - B Biochem Mol 132(2), 401–408 (2002). https:// doi. org/ 
10. 1016/ S1096- 4959(02) 00049-0

 54. H. Hong, J.M. Regenstein, Y. Luo, The importance of ATP-related 
compounds for the freshness and flavor of post-mortem fish and 
shellfish muscle: a review. Crit Rev Food Sci Nutr 57(9), 1787–
1798 (2017). https:// doi. org/ 10. 1080/ 10408 398. 2014. 10014 89

 55. H.H. Huss, Quality and quality changes in fresh fish, FAO Fisher-
ies Technical Paper, (Rome, 1995) p. 195

 56. H. Okuma, E. Watanabe, Flow system for fish freshness deter-
mination based on double multi-enzyme reactor electrodes. Bio-
sens Bioelectron 17(5), 367–372 (2002). https:// doi. org/ 10. 1016/ 
S0956- 5663(01) 00309-8

 57. T. Li, J. Li, W. Hu, X. Li, Quality enhancement in refrigerated red 
drum (Sciaenops ocellatus) fillets using chitosan coatings contain-
ing natural preservatives. Food Chem 138(2–3), 821–826 (2013). 
https:// doi. org/ 10. 1016/j. foodc hem. 2012. 11. 092

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.meatsci.2017.04.012
https://doi.org/10.1016/j.meatsci.2017.04.012
https://doi.org/10.1111/ijfs.13296
https://doi.org/10.1111/1541-4337.12659
https://doi.org/10.1002/jsfa.2207
https://doi.org/10.1016/j.foodchem.2011.09.056
https://doi.org/10.1016/j.foodchem.2011.09.056
https://doi.org/10.1016/j.foodres.2010.07.022
https://doi.org/10.1016/j.foodres.2010.07.022
https://doi.org/10.1016/j.foodchem.2007.03.041
https://doi.org/10.1016/j.foodchem.2007.03.041
https://doi.org/10.1007/s00217-010-1370-z
https://doi.org/10.1007/s00217-010-1370-z
https://doi.org/10.1016/j.foodchem.2016.03.026
https://doi.org/10.1016/j.foodchem.2016.03.026
https://doi.org/10.1016/j.foodchem.2006.07.003
https://doi.org/10.1016/j.foodchem.2006.07.003
https://doi.org/10.1016/j.ijfoodmicro.2014.08.006
https://doi.org/10.1016/j.ijfoodmicro.2014.08.006
https://doi.org/10.1016/j.lwt.2019.05.092
https://doi.org/10.1016/j.lwt.2019.05.092
https://doi.org/10.1016/j.foodchem.2016.12.056
https://doi.org/10.1016/j.foodchem.2016.12.056
https://doi.org/10.1111/j.1365-2621.2000.tb13585.x
https://doi.org/10.1016/S1096-4959(02)00049-0
https://doi.org/10.1016/S1096-4959(02)00049-0
https://doi.org/10.1080/10408398.2014.1001489
https://doi.org/10.1016/S0956-5663(01)00309-8
https://doi.org/10.1016/S0956-5663(01)00309-8
https://doi.org/10.1016/j.foodchem.2012.11.092

	The influence of chitosan-carboxymethyl celloluse composite and bi-layer film and coatings on flavor quality and volatile profile of Asian sea bass during storage at refrigerator
	Abstract
	Introduction
	Material and methods
	Materials
	Preparation and treatment of fish samples
	Sensory analysis
	Determination of TMA-N and TVC
	Determination of FAAs
	Measurement of volatile compounds
	ATP-related compounds analysis

	Statistical analysis
	Results and discussion
	Sensory evaluation
	Changes in TMA-N and TVC
	Changes in free amino acids (FAAs)
	Changes of volatile organic compounds in Asian sea bass
	Changes in ATP related compounds and K value

	Conclusion
	Acknowledgements 
	References




