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A B S T R A C T   

A novel technique for sea bass (Lateolabrax Japonicus) fillets by combining ultrasound (US) and slightly acidic 
electrolyzed water (SAEW) to inactivate bacteria and maintain quality was developed. Samples were treated with 
distilled water (DW), US, SAEW and ultrasound combined with slightly acidic electrolyzed water (US + SAEW) 
for 10 min, respectively. The results suggested that US + SAEW treatment could retard the increase of total viable 
counts (TVC), Pseudomonas bacteria counts and H2S-producing bacteria counts, which also inhibit the rise of total 
volatile basis nitrogen (TVB-N), thiobarbituric acid (TBA), pH and K value. In addition, compared with SAEW or 
US treatment alone, US + SAEW treatment had distinctly effects on inhibiting protein degradation and main
taining better sensory scores. Compared with DW group, the shelf life of sea bass treated with US + SAEW was 
increased for another 4 days. It indicated that the combined treatment of US and SAEW could be used to the 
preservation of sea bass.   

1. Introduction 

Sea bass (Lateolabrax japonicas) is one of popular aquatic products 
because of its low-fat and mild taste. However, sea bass is highly 
perishable and has a relatively short shelf life during storage [1]. The 
activities of microorganisms and endogenous enzymes cause the decline 
of fish freshness, protein degradation and lipid oxidation [2]. Short 
shelf-life is not conducive to the marketing and distribution of sea bass. 
Therefore, it is essential to the aquaculture and consumers for pro
longing the shelf-life and keeping the quality. 

Ultrasound (US) is a high energy frequency (over 16 kHz) sound 
waves that could not be detected by ear [3], which is used as an 
environmental-friendly antibacterial method for a long time [4]. S. 
Knobloch et al. [5] found that the surface microbial community of sea 
bass could be influenced by close-proximity and continuous ultrasound 
treatment. The US has an antimicrobial effect on Staphylococcus aureus 
[6], Pseudomonas fluorescens [7], Listeria monocytogenes and other 
pathogens [8], which was mainly due to the destruction of cell structure 
and integrity by ultrasonic cavitation leading to microbial apoptosis 
[9,10]. The recent researches showed that ultrasound in combination 
with SAEW and other physical processing methods could reduce the 
number of bacteria efficiently [11–13]. 

Slightly acidic electrolyzed water (SAEW) has a high concentration 
of hypochlorous acid (HOCl) and its pH value range is 5.0–6.5 [14]. 
Compared with other disinfectants, SAEW has the advantage of mini
mizing the impaction of chlorine residual on human health and safety 
[15]. It is a potential substitute for anti-microbial detergents and is 
considered an environmental-friendly disinfection method [14]. The 
antibacterial activity of SAEW is mainly due to the potential oxidative 
damage of HOCl to biomolecules [16]. SAEW is combined with other 
disinfectants or mechanical force in the washing process, which can 
greatly reduce the microorganisms in food [17,18]. However, there are 
few studies on the application of US, SAEW and their combined effect on 
sea bass (Lateolabrax japonicas). 

Therefore, this research aimed to examine the efficacy of US, SAEW 
and combined treatments for improving the quality of refrigerated sea 
bass. Microbiological (TVC, Pseudomonas bacteria counts and H2S-pro
ducing bacteria counts), physicochemical (pH, TVB-N, TBA, K value, 
intrinsic fluorescence intensity (IFI), texture profile analysis (TPA), color 
difference) and sensory attributes were determined to assess the quality 
of sea bass fillets stored at 4 ◦C. 
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2. Materials and methods 

2.1. Ultrasound treatment 

For US treatment, samples were submerged in a beaker containing 
2.0 L distilled water and placed beaker in an ultrasonic bath (KQ-250B, 
Kunshan Ultrasonic Instrument Co., Kunshan, China) for 10 min. For US 
+ SAEW treatment, distilled water was replaced with the previously 
prepared SAEW and the other methods were the same as above. The 
frequency, power and time of ultrasound bath were 20 kHz, 600 W and 
10 min respectively. In the whole process, the temperature of the ul
trasonic bath was always controlled at about 20 ◦C by replacing with 
fresh cold water. 

2.2. Preparation of SAEW 

SAEW was made by electrolysis of tap water and a dilute hydro
chloric acid (6.0%) in the SAEW generator (Intercontinental resources 
Environmental Science and Technology Co. Ltd., Beijing, China) at 7.0 A 
and generated with a rate of 2.05 L/min. Before the experiment, the ORP 
and pH values were measured with a pH/ORP meter (CON60; Trans- 
Wiggens, Singapore). ACC was determined using a chlorometer (RC- 
2Z; Kasahara Chemical Instruments Co., Saitama, Japan). SAEW with pH 
of 6.35 ± 0.04, ORP of 861.6 ± 12.35 mv and ACC of 30.0 ± 1.54 mg/L 
was prepared for next experiments. 

2.3. Sample preparation and treatments 

Thirty fresh sea bass (27.5 ± 1.2 cm in length, 500 ± 20 g in weight) 
were purchased from the local supermarket (Shanghai, China). The live 
sea bass samples were packed in plastic bags filled with oxygenated 
water and delivered to the laboratory by foam boxes within 30 min. The 
head, bone, and skin of sea bass were removed and cut into fillets. The 
fillets were divided into four groups: (1) samples were immersed in 
distilled water for 10 min (DW); (2) samples were dipped in the distilled 
water with ultrasound treatment (20 kHz, 600 W) for 10 min (US); (3) 
samples were dipped in SAEW for 10 min (SAEW); (4) samples were 
dipped in SAEW combined with US treatment for 10 min (US + SAEW). 
Then, they were put in polyethylene bags and stored at 4 ◦C for further 
analysis at 2-days interval during 14 days. 

2.4. Microbiological enumeration 

TVC was measured on Plate Count Agar (PCA) (PCA, HaiBo Biolog
ical Technology Co., Ltd, Qingdao, China) incubated at 30 ◦C for 72 h; 
Pseudomonas bacteria counts were enumerated after incubation at 25 ◦C 
for 48 h on Pseudomonas agar base added with C.F.C supplement (HaiBo 
Biological Technology Co., Ltd, Qingdao, China); H2S-producing bac
teria were incubated by triple sugar iron agar at 25 ◦C for 3 days. The 
above analysis was in triplicate and represented as log10 CFU/g. 

2.5. Physicochemical analysis 

2.5.1. Determination of pH 
Chopped fish samples (5 g) and distilled water (45 mL) were stirred 

well and stood for 30 min [19]. After filtration, the pH values in the 
supernatant were measured with a digital pH meter (FE20, Mettler 
Toledo, Shanghai, China). 

2.5.2. Determination of total volatile basis nitrogen (TVB-N) 
TVB-N values were obtained according to C. Ruiz-Capillas et al. [20] 

and expressed as mgN/100 g. TVB-N values were observed with a Kjeltec 
8400 apparatus (Foss, Sweden). 

2.5.3. Determination of thiobarbituric acid (TBA) 
TBA value was monitored by evaluating thiobarbituric acid reactive 

substances (TBARS) according to the procedure of Milijasevic et al. [21]. 

2.5.4. Determination of K-value 
The degree of degradation of ATP could be expressed by the K-value. 

ATP and its decomposition products, including ADP, AMP, IMP, HxR 
and Hx were measured by HPLC (1260 LC; Agilent, Palo Alta, CA, USA) 
equipped with Agilent C18 (5 μm, 4.6 mm × 250 mm) HPLC column and 
a UV detector. The K-value was calculated using the equation below: 

Kvalue (%) =
HxR + Hx

ATP ++ADP + AMP + IMP + HxR + Hx
× 100  

2.5.5. Determination of intrinsic fluorescence intensity (IFI) 
Intrinsic fluorescence intensity was measured according to the pre

vious study [22]. The excitation wavelength is 295 nm, the scanning 
speed is 1200 nm/min, and the intrinsic fluorescence spectrum is ob
tained in the range of 300 ~ 400 nm. The width of the excitation and 
emission slit is 5 nm. 

2.5.6. Texture profile analysis (TPA) 
TPA was conducted according to the protocol in previous study [23]. 

Samples of 20 × 20 × 10 mm were taken from the back muscles. After 
absorbing the surface water, TPA mode was used to measure the hard
ness, springiness, chewiness and cohesiveness of samples, which were 
subject to two compression analyses: (1) the probe model is a P/50 flat- 
bottomed cylindrical probe, the speed before the test is 3 mm/s, the test 
speed and the return speed after the test are both 1 mm/s. (2) 
compression interval is 5 s, compression degree is 50%, relaxation time 
is 5 s. 

2.5.7. Color measurements 
The color of the samples was measured using the method described 

by P. Chuesiang et al. [24] The WSC-S colorimeter (Shanghai Precision 
Instrument Co., Ltd., Shanghai, China) was used to measure the surface 
color of fish fillets. Before analysis, a standard white and black plate was 
used to calibrate the instrument. The L*, a*, b* values were analyzed 
with three parallels for each group. Meaning of L*, a*, and b* was 
lightness (black ~ white = 0 ~ 100 points), redness (a*) or green (-a*), 
and yellowness (b*) or blueness (-b*), respectively [7]. 

2.6. Sensory evaluation 

Samples were assessed by the quality index method (QIM) following 
the protocol of ZHU [25]. Briefly, sensory evaluation was conducted by a 
panel of 10 experienced panelists. Changes in color, odor, texture and 
overall acceptability were evaluated according to the criteria for sensory 
evaluation of CHAN et al. [26] with some modification (Table 2 Sup
plementary File). Sensory scores were divided into three ranges 
(4.0–5.0 = good quality, 2.0–4.0 = average quality, 1.0–2.0 = unac
ceptable quality). The final sensory score was the average of quality 
parameters. 

2.7. Statistical analyses 

Experimental data were analyzed by Origin program version 9.0. The 
SPSS 2017 was applied to perform an analysis of variance (ANOVA). 
Statistical significance was reported as a level of p < 0.05. 

3. Results and discussion 

3.1. Microbiological analyses 

The microbiological changes of DW, US, SAEW and US + SAEW 
group during storage were presented in Fig. 1. The initial TVC of all 
groups was 3.33 log10 CFU/g (Fig. 1A). The TVC of samples treated with 
DW, US, SAEW and US + SAEW reached the acceptable limit of 7.0 log10 
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CFU/g [27] for marine fish at day 10, 12, 12 and 14, respectively. 
Compared with the DW group, the TVC of US, SAEW, and US + SAEW 
groups were reduced by 1.23, 1.68 and 1.99 log10 CFU/g, respectively, 
indicating that the combined treatment of US and SAEW could result in 
the decrease of TVC. 

The main spoilage microorganisms of marine fish are usually Gram- 
negative bacteria, especially Pseudomonas and Shewanella (mainly H2S- 
producing bacteria). During refrigerated storage, the numbers of H2S- 
producing bacteria and Pseudomonas bacteria were increased in all 
groups (Fig. 1B and C) and experienced a similar growth trend with TVC. 
Pseudomonas bacteria counts (Fig. 1B) and H2S-producing bacteria 
counts (Fig. 1C) were 2.65 log10 CFU/g and 3.14 log10 CFU/g in the 
initial of storage time, and the number of microorganisms increased in 
all groups during storage. The Pseudomonas bacteria counts reached 7.0 
log10 CFU/g [28] in DW group at day 10, whereas Pseudomonas bacteria 
counts of US, SAEW and US + SAEW groups were 6.43, 5.49 and 4.89 
log10 CFU/g, respectively. 

Previous studies showed that US treatment could improve the 
disinfection ability of SAEW [13]. In addition, US did not weaken the 
bactericidal effect of SAEW, indicating that US combined with SAEW 
was an ideal decontamination method [29]. A number of studies had 
also demonstrated that US + SAEW treatment could reduce the addi
tional targeted pathogens [22,30,31]. Due to the high pressure and high 
temperature generated by the ultrasonic bubbles, US treatment could 
promote the penetration of cell membranes by chemical oxidants, 
thereby improving the efficiency of disinfectants [32]. The antibacterial 
effect of US + SAEW was enhanced, which was possible that SAEW 
became the liquid medium of US. The cavitation produced by US 
destroyed the walls of bacteria in a short time and increased the contact 

area between SAEW and bacteria [6,33]. 

3.2. Physicochemical analysis 

3.2.1. Changes in pH, TVB-N and TBA 
TBA could determine the lipid oxidation of aquatic products. On day 

4, the TBA value of DW group was markedly higher than those of treated 
groups (p < 0.05) (Fig. 2A). On day 8, the TBA value of DW, US, SAEW 
and US + SAEW groups were 0.85, 0.67, 0.62, and 0.59 mg MDA/kg, 
respectively. The TBA value of SAEW + US group was increased by 0.47 
mg MDA/kg after day 8. The US processing might affect oxidation, free 
radical formation, and other active substances, and was prone to react 
with an oxidizing compound [34]. In addition, ultrasound combined 
with other treatment methods could influence the results of lipid 
oxidation [35]. Guan et al. [36] observed that the treatment of ultra
sonic combined with coffee acid could effectively inhibit the increase of 
TBA in sea bass. It was reported that ultrasound alone and ultrasound 
with plasma-activated water treatment could be used to inhibit lipid 
oxidation of mackerel fillets. Zhao et al. [7] mentioned that US treat
ment might inactivate prooxidative enzymes to achieve antioxidation in 
the complex process of lipid oxidation. 

Changes in pH value among four groups were shown in Fig. 2B. The 
pH value of different groups in the initial stage was 7.07 and then 
decreased in the first 4 days, which may be the result of bacterial 
fermentation leading to the formation and organic acids accumulated in 
fish [37]. At the later storage period, the pH value increased owing to 
volatile base component produced by endogenous enzymes or micro
organisms, such as ammonia, trimethylamine, which was consistent 
with the previous studies [38]. This implied the spoilage of samples. 

Fig. 1. Effects of different treatments for TVC (A), Pseudomonas bacteria counts (B) and H2S-producing bacteria counts (C) of Lateolabrax Japonicus during refrig
erated storage (DW: distilled water, US: ultrasound, SAEW: slightly acidic electrolyzed water, US + SAEW: ultrasound combined with slightly acidic electro
lyzed water). 
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Whereas, the pH values in different groups were increased obviously at 
different rates, among which the pH value of DW group was the highest, 
and the pH value of US + SAEW group was the lowest. Hence, the pH 
values were increased to 7.13, 6.94, 6.90, and 6.83 for DW, US, SAEW 
and US + SAEW samples at day 10, respectively. The results showed that 
US + SAEW had an inhibitory effect on spoilage microorganisms, which 
could slow down the rise of pH and delay the generation of basic ni
trogen compounds. 

The increase of TVB-N is related to the destruction of bacteria and 
activities of endogenous enzymes, which is an important indicator for 
evaluating the quality of seafood. Changes in TVB-N value with different 
treatments were shown in Fig. 2B. 

The TVB-N value of fresh samples was low at the beginning of stor
age, which indicates the high freshness. TVB-N values in all groups were 
increased steadily over storage time. However, the growth rate of TVB-N 
in treated groups was apparently slower than that of DW group (p <
0.05). The TVB-N value of US + SAEW group presented the slowest 
increasing rate, which was in accordance with pH value and TVC. The 
TVB-N of DW group rose rapidly to 27.2 mgN/100 g at day 10, yet lower 
values of 20.6, 18.4, and 16.1 mgN/100 g were observed in US, SAEW, 
and US + SAEW groups. On the 12th day, the TVB-N value of US +
SAEW group was 21.6 mg N/100 g, which was significantly lower than 
other groups (p < 0.05). According to reports of Gökodlu et al.[39], the 
TVB-N value of many fish species gradually increases during corruption, 
and 30.0 mgN/100 g was recommended as the acceptable limit of fish. 
On the 14th day, the TVB-N value of samples treated with US + SAEW 
was still below 30.0 mgN/100 g. The combined treatment of US and 
SAEW could extend the shelf-life of sea bass from 8 to 12 days and 
inhibit the formation of TVB-N effectively. 

3.2.2. Changes in K-value 
K value is generally considered below 20% as fresh fish, 20–50% as 

secondary freshness, and higher than 60% as inedible [40]. From Fig. 3, 
with the increase of storage time, K values of different group were 
increased. The K value of fresh fillets was 10.16%, which suggested that 
the fish was in good freshness. Before day 8, the K values of all groups 
were<50.0%. The K-value of DW group increased to 60.8%, which 
passed the acceptable limit on day 12. At the same time, the K-value of 
US + SAEW group at day 12 was 42.9%, which was lower than those of 
other groups significantly (p < 0.05). K value could judge fish freshness 
with nucleotide decomposition products as indicators. With the exten
sion of storage time, ATP is gradually degraded into HxR and Hx, which 
eventually leads to the production of spoilage taste in fish [41]. 

3.2.3. Changes in tertiary structure of the protein 
Protein molecule fluorophore will fluoresce under ultraviolet light, 

called the intrinsic fluorescence of protein [42]. Fluorescence intensity 

could be used to reflect the magnitude index and the exposure of tryp
tophan (Trp) in amino acids. And Trp is related to the extent and 
unfolding of proteins [43]. Since the fluorescence decrease in fluores
cence intensity is generally transferred to the inner surface of protein, 
resulting in fluorescence quenching. Therefore, the changes in endoge
nous fluorescence can reflect the conformational changes of protein 
molecules [44]. 

The results indicated that the fresh sample at day 0 showed the 
highest fluorescence intensity at 336 nm. The decrease in fluorescence 
intensity was observed in four groups during storage. The endogenous 
fluorescence intensity of protein in DW group was decreased sharply 
throughout the storage period. Meanwhile, samples treated US also 
showed significant decline in fluorescence intensity after 10 days of 
storage but the decline was lesser than samples of DW. Especially, 
samples of US + SAEW showed slowest decline in fluorescence intensity, 
indicating higher stability of Trp residues in proteins (Fig. 4). Because 
samples were subjected to ultrasonic treatment in the process of fluo
rescence quenching, resulting in protein structure folding. In addition, 
as the intensity of ultrasound treatment increased, the protein would 
denature and aggregate, and Trp residues could be exposed from the 
interior of the protein molecules, thereby increasing the fluorescence 
intensity [45]. 

3.2.4. Changes in texture profile analysis 
Hardness is an important textural attribute in aquatic products, 

Fig. 2. Effects of different treatments for TBA (A), TVB-N value (column chart) and pH value (line chart) (B) of Lateolabrax Japonicus during refrigerated storage 
(DW: distilled water, US: ultrasound, SAEW: slightly acidic electrolyzed water, US + SAEW: ultrasound combined with slightly acidic electrolyzed water). 

Fig. 3. Effects of different treatments for K-value of Lateolabrax Japonicus 
during refrigerated storage (DW: distilled water, US: ultrasound, SAEW: slightly 
acidic electrolyzed water, US + SAEW: ultrasound combined with slightly 
acidic electrolyzed water). 
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which indicates the integrity of flesh structure and shows a downward 
trend during storage (Fig. 5A). The hardness of samples at the first 3 days 
was maintained in US + SAEW treatment. The significant reductions in 
hardness value of DW group and other treated groups occurred at day 2 
(p < 0.05). Nevertheless, there was no significant difference in each 
group from day 8 (p > 0.05). The hardness reduction range of US, SAEW 

and US + SAEW groups was 73.66 ~ 81.12% during storage. 
Springiness refers to the recovery degree of samples after the 

external force is applied. The loss of springiness was no significant in all 
groups during the first 2 days of storage (p > 0.05) (Fig. 5B). After that, 
the springiness gradually decreased, especially in DW group. It was also 
worth noting that US + SAEW group had higher springiness than those 

Fig. 4. Effects of different treatments on the intrinsic fluorescence spectrum of Lateolabrax Japonicus during refrigerated storage (DW: distilled water, US: ultrasound, 
SAEW: slightly acidic electrolyzed water, US + SAEW: ultrasound combined with slightly acidic electrolyzed water). 

Fig. 5. Effects of different treatments on TPA of Lateolabrax Japonicus during refrigerated storage (DW: distilled water, US: ultrasound, SAEW: slightly acidic 
electrolyzed water, US + SAEW: ultrasound combined with slightly acidic electrolyzed water). (A: Hardness, B: Springiness, C: Chewiness, D: Cohesiveness). 
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of other groups, which did not change significantly after 10 days (p >
0.05). The chewiness of samples was changed significantly and showed 
an overall decreasing trend during refrigerated storage (p < 0.05) 
(Fig. 5C). Compared with the DW, US, SAEW groups, the US + SAEW 
group suppressed the decrease in cohesiveness after 8 days of storage (p 
< 0.05) (Fig. 5D). In the field of cohesiveness, there were no virtual 
changes among groups, which were in consistent with the previous 
research [46]. According to the correlation analysis between different 
parameters, the TPA indexes were significantly correlated with micro
organism, TBA, TVB-N, K value and sensory score (p < 0.05) (Table 3 
Supplementary File). With the extension of storage time, the protein in 
samples degraded under the action of microorganisms, and the nitrogen- 
containing substances increased correspondingly. The deterioration of 
texture was due to the decomposition of proteins supporting the texture 
of fish, and the sensory scores of texture became increasingly unac
ceptable [47]. 

3.2.5. Changes in color difference 
Color difference (L*, a* and b*) was performed on the treated sam

ples and the DW group at day 0, 2, 4, 6, 8 and 10. As the Tab. 1 showed, 
the changes of L* value in four group fluctuated up and down during 
storage. In addition, the L* value of DW group was significantly different 
from the other three groups during storage. And there were no differ
ences in L* value of US, SAEW and US + SAEW groups at day 8, 10, 12. 
Therefore, US or SAEW treatment had a certain effect on the brightness 
of fish fillets, but there was no significant difference among three treated 
groups in the later stage of storage. However, the a* value of US samples 
decreased faster than those of DW and SAEW groups during storage, 
illustrating that US treatment would cause the fillets to lose original 
color. The b* value of fillets in four groups decreased gradually with the 
increase of storage time. The trend of change in this study was similar to 
that of A. Jc et al.[48]. Color index (a* and b*) of fish might be associ
ated with denaturation of some heme-proteins and lipid oxidation 
[49,50]. Overall, US treatment alone had negative effects on the color of 
samples, but US + SAEW treatment could delay the color deterioration 
(see Table 1). 

3.3. Sensory evaluation 

Sensory evaluation is an important indicator of freshness. The color, 
odor, and texture and overall acceptability were used to estimate the 
quality of samples. With the increase of storage time, the sensory scores 
of different groups were declined significantly. After day 6, the sensory 
scores of US + SAEW group in color, odor, texture and overall accept
ability were significantly higher than DW group (p < 0.05) (Fig. 6A, B, 
C, D). 

On day 8, the color of DW group was slightly dull, but the fillets of 
US + SAEW had glossy appearance. The initial glossiness of sea bass 
displayed a decreasing trend along with the development of greyish 
appearance. On day 14, color scores of US + SAEW group were still 
within the acceptable range. The odor scores of DW group declined 
rapidly and displayed a significantly different score compared to US +
SAEW group. DW group had low acceptability scores for odor after 8 
days. While samples treated with SAEW and US could maintain 
acceptable odor quality at day 12. At the end of storage, samples of US 
group showed strong fishy or amine smell, which could be related to 
metabolites produced by bacterial activities [51]. This phenomenon 
suggested that US combined with SAEW could inhibit the growth of off 
odors producing microorganisms. After day 8, the sensory scores of DW 
groups in texture were greatly lower than US, SAEW or US + SAEW 
groups (p < 0.05) (Fig. 6C). Moreover, on day 8, the texture of DW 
group was inelastic, but the US + SAEW group was still elastic on day 12. 
But more than that, the US + SAEW group had higher sensory scores in 
overall acceptability than US or SAEW alone. On day 8, the samples 
showed different degrees of corruption. And samples of DW group were 
soft and loose, with strong fishy and amine smell, which was 

unacceptable from sensory evaluation. On day 12, the sensory scores of 
all treatment groups in color, odor and overall acceptability were still 
within the acceptable range. 

4. Conclusions 

This study introduced that US + SAEW treatment could retain the 
freshness of refrigerated sea bass. Compared with SAEW or US treatment 
alone, US + SAEW treatment on sea bass had obvious effect on inhibiting 
protein degradation and microbial growth, maintaining better texture 
and sensory scores. This combination treatment could prolong the shelf- 
life of sea bass for another 4 days at least. The results illustrated that the 
US treatment enhanced the decontamination ability of SAEW and 
delayed the deterioration of quality and got the higher sensory score. 
Therefore, the cooperative treatment of US and SAEW is an effective 

Table 1 
Color difference of Lateolabrax Japonicus with different treatments during 
refrigerated storage.  

Color 
difference 

Storage 
time (d) 

DW US SAEW US +
SAEW 

L* 0 49.50 ±
1.14Aab 

49.50 ±
1.14Aa 

49.50 ±
1.14Aa 

49.50 ±
1.14Aa 

2 44.84 ±
0.84Cc 

46.23 ±
1.15Ab 

48.12 ±
0.33Ba 

48.23 ±
1.31Aab 

4 46.46 ±
0.44Dc 

46.50 ±
0.73Cb 

45.8 ±
2.04bBc 

45.73 ±
1.73Abc 

6 48.39 ±
1.44ABb 

43.44 ±
0.03Bc 

44.20 ±
0.28Ac 

44.04 ±
3.73Acd 

8 42.01 ±
1.15Ad 

42.41 ±
0.30Bc 

42.07 ±
0.92ABd 

41.97 ±
0.48Bd 

10 51.00 ±
0.81Ba 

47.34 ±
2.02Ab 

47.70 ±
0.89Aab 

51.30 ±
1.51Aa 

12  49.24 ±
1.21Ab 

50.07 ±
0.76Ab 

55.21 ±
0.91Aa 

14    52.17 ±
0.83a  

a* 0 0.05 ±
0.13Ac 

0.05 ±
0.13Aab 

0.05 ±
0.13Abc 

0.05 ±
0.13Aab 

2 0.61 ±
0.44Ab 

− 0.66 ±
0.93Aab 

0.33 ±
0.53Aab 

0.49 ±
0.32Aa 

4 1.23 ±
0.18Aa 

− 0.37 ±
0.24Aab 

0.73 ±
0.26Aa 

0.00 ±
0.60Aab 

6 − 0.82 ±
0.17Ae 

− 0.43 ±
0.14Aab 

0.01 ±
0.38Abc 

0.15 ±
0.60Aab 

8 − 0.15 ±
0.15Acd 

0.11 ±
0.48Aa 

− 0.06 ±
0.52Abc 

0.72 ±
0.11Aa 

10 − 0.37 ±
0.05Ad 

− 0.90 ±
0.62Bb 

− 0.37 ±
0.05Cc 

− 0.40 ±
0.28Bb 

12  − 0.78 ±
0.47Aa 

− 0.35 ±
0.12Aa 

− 0.44 ±
0.18Ab 

14    − 0.48 ±
0.09a  

b* 0 − 0.41 ±
0.78Aab 

− 0.41 ±
0.78Aa 

− 0.41 ±
0.78Aab 

− 0.41 ±
0.78Aa 

2 0.20 ±
0.65Aa 

− 1.93 ±
0.30Bab 

− 0.29 ±
0.61Ba 

− 0.34 ±
1.70Aa 

4 0.26 ±
0.58Aa 

− 2.19 ±
0.91Ab 

− 0.75 ±
0.22Aab 

− 1.32 ±
0.71Aab 

6 − 2.69 ±
0.88Ac 

− 1.57 ±
0.68Bab 

− 1.21 ±
0.70Aab 

− 1.57 ±
0.83Bab 

8 − 1.20 ±
0.08Ab 

− 0.53 ±
0.68Bab 

0.01 ±
1.74Aa 

− 0.45 ±
0.28Aa 

10 − 2.58 ±
0.30Ac 

− 1.31 ±
1.45Aab 

− 2.04 ±
0.39ABb 

− 2.71 ±
1.22Bb 

12  − 1.41 ±
0.86Aa 

− 2.21 ±
0.25Ab 

− 2.57 ±
0.19Ab 

14    − 2.12 ±
0.30a 

Note: The results are expressed as Means ± S.D., different superscript lowercase 
letters represent significant differences within groups (p < 0.05), and different 
superscript uppercase letters represent significant differences between groups (p 
< 0.05). 
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approach to keep the quality and extend shelf life of sea bass during 
refrigerated storage. 
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