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Abstract: This study assessed the combined effect of slightly acidic electrolyzed water (SAEW) and slightly acidic 

electrolyzed water ice (SAEW-ice) on the quality of pomfrets over a period of 18 d of cold storage at 4°C.  A presoak for    

5 min in SAEW solution (22 mg/L) was used before the pomfrets were placed on SAEW-ice (pH: 6.45; ORP: 803 mV; ACC: 

18 mg/L); The changes in physicochemical properties (i.e., pH, thiobarbituric acid, total volatile basic nitrogen and texture 

profile), microbial loads and sensory characteristics were all analyzed.  Compared with the tap water (TW) group, the total 

bacterial counts of the SAEW group significantly decreased by 1.27 log10 CFU/g after immersion (p<0.05).  The shelf life of 

the pomfrets was prolonged by 9 d by the combined treatment of SAEW and SAEW-ice during storage at 4°C.  On the 18th 

day, the gumminess and chewiness values of the pomfrets in the SAEW+SAEW-ice group were 195 g and 3.97 mJ, 

respectively, which were significantly higher than those of the other groups (p<0.05).  The results suggested that 

SAEW+SAEW-ice treatments have great potential as a novel method to maintain the quality and extend the shelf life of 

pomfrets during refrigerated storage. 
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1  Introduction

 

Pomfret is popular among consumers due to its nutrient-rich 

features, such as less prickly meat, rich unsaturated fatty acids, 

and high-quality protein.  However, the growth of various 

spoilage bacteria, which contaminate the aquatic products when 

they are caught, often accelerate the deterioration of the aquatic 

product and reduce their quality[1,2].  In the circulation process 

after fishing, the deterioration of the fish quality is mainly 

reflected in the growth of microorganisms, protein denaturation, 

lipid oxidation, and a drop in hardness and elasticity[3].  Almost 

646 million t of aquatic products were produced in 2018 in China, 

with 51% of the products coming from seawater[4].  Pomfret is 

not only a kind of marine fish mainly caught from the East China 

Sea and the South China Sea in China but also an emerging 

aquaculture species[1,5,6]. 

To ensure the quality of the aquatic products, a series of 

approaches have been reported, including low temperature[7], 

preservative coating[8,9], a modified atmosphere[10], irradiation[11] 
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and high pressure[11].  However, due to the limitations of most 

methods, low-temperature preservation is still the main tool to 

extend the shelf-life of aquatic products[12,13]. 

Slightly acidic electrolyzed water (SAEW), a type of 

electrolyzed water (EW), contains the main bactericidal component 

hypochlorite produced by electrolysis of a certain concentration of 

electrolytes such as sodium chloride and dilute hydrochloric acid[14].  

SAEW is promoted widely in food preservation for its superiority 

in its broad spectrum of antimicrobial activity, low cost of 

production, convenient application, and environment-friendly 

usage.  Furthermore, related research has confirmed that SAEW 

can kill Listeria monocytogenes[15], Escherichia coli[16], Salmonella 

enterica[17] and other natural microbiota on the surface of 

food[16,18]. 

As a substitute for tap water ice, electrolyzed water ice has also 

been used to ensure the freshness of the aquatic products.  Zhang 

et al.[19] combined the ice-glazing with weakly acidic electrolyzed 

water (WAEW) and modified atmosphere packaging (MAP) in the 

preservation of frozen shrimp, which was shown to be highly 

effective in maintaining its physicochemical properties.  The 

quality of the aquatic product can be significantly improved when it 

is placed on or in ice, which was also confirmed by Xuan et al.[20] 

However, as far as we know, there are relatively few studies on the 

combined effect of SAEW and SAEW-ice on the preservation of 

pomfrets.  To reduce the quality degradation caused by 

endogenous enzymes and spoilage bacteria, this study investigated 

the efficacy of different treatment groups (SAEW/SAEW-ice) on 

microbial loads, physicochemical (pH, thiobarbituric acid, total 

volatile basic nitrogen, and texture) parameters, sensory 

characteristics, and the shelf life time of pomfrets during 

refrigeration (Figure 1). 
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Figure 1  Schematic diagram of sterilizing pomfrets with various treatments 

 

2  Materials and methods 

2.1  Treatments of silver pomfret 

Silvery pomfrets were provided by the Zhejiang Industrial 

Group Co., Ltd, and transferred to the lab on ice from the Zhejiang 

Province of China within 12 h.  90 g of fresh pomfrets was chosen 

to be thoroughly washed with ice water and drained with tissue 

papers.  The pomfrets were randomly divided into five groups 

according to the experimental design (three samples in each group): 

pomfrets immersed in tap water (TW) for 5 min (control); pomfrets 

immersed in SAEW for 5 min; pomfrets immersed in TW for 5 min 

and placed on tap water ice (TW-ice); pomfrets immersed in TW 

for 5 min and placed on slightly acidic electrolyzed water ice 

(SAEW-ice); pomfrets immersed in SAEW for 5 min and placed on 

SAEW-ice (SAEW+SAEW-ice) (Table 1).  After the immersions, 

all the treated fish were dried by a fan.  The pomfret samples were 

then individually packaged and refrigerated (approximately 4°C) 

for a period up to 18 d for subsequent quality assessment.  The 

microbiological, physicochemical, and sensorial properties of 

random samples were analyzed at days 0, 1, 3, 6, 9, 12, 15, and 18.  

Furthermore, the SAEW ice and TW ice were replaced every 24 h.  

All the experiments were conducted in triplicate.  
 

Table 1  Abbreviations of each group 

Abbreviation Treatment 

TW group  

(control group) 

Pomfrets were immersed in tap water (TW) for 5 min 

before dried 

SAEW group 
Pomfrets were immersed in slightly acidic electrolyzed 

water (SAEW) for 5min before dried 

TW-ice group 
Pomfrets were immersed in tap water (TW) for 5 min 

before dried and placed on tap water ice (TW-ice) 

SAEW-ice group 

Pomfrets were immersed in tap water (TW) for 5 min 

before dried and placed on slightly acidic electrolyzed 

water ice (SAEW-ice) 

SAEW+SAEW-ice 

group 

Pomfrets were immersed in slightly acidic electrolyzed 

water (SAEW) for 5min before dried and placed on 

slightly acidic electrolyzed water ice (SAEW+SAEW-ice) 
 

2.2  Preparation and physiochemical property measurements 

of SAEW and SAEW ice  

SAEW was prepared by electrolysis of a 6% HCl solution 

using a generator (HD-240L, Fuqiang-Want Sanitary Accessories 

Ltd, Shanghai, China) with a nonmembrane electrolytic chamber at 

a voltage of 220 V.  The SAEW-ice was prepared by freezing the 

SAEW solution immediately at −20°C overnight in the boxes for 

storing the samples after generation.  The SAEW and SAEW-ice 

were prepared on the day of the experiments and used within 1 h of 

production.  The physicochemical properties of the SAEW used to 

sanitize the samples, the SAEW used to prepare the SAEW-ice, and 

the SAEW-ice were separately determined immediately after 

generation.  In addition, a group of ice samples (100 g) was 

evaluated after being completely melted in a sealed bag in an 80°C 

water bath.  The pH and oxidation reduction potential (ORP) 

values were measured by a multifunctional pH/ORP meter bearing 

pH and ORP electrodes (PHS-C, INESA Scientific Instrument Co., 

Ltd, Shanghai, China).  The available chlorine concentration 

(ACC) was evaluated by a colorimetric method using a digital 

chlorine test kit (HI96771, HANNA Instrument Co., Ltd, Italy) 

with a detection range of 0-500 mg/L.  All measurements were 

carried out in triplicate (data shown in Table 2).  
 

Table 2  Properties of SAEW (soak solution),SAEW-ice and 

melted SAEW-ice 

Property SAEW (soak solution) SAEW-ice (prepared) SAEW-ice (melted) 

ACC/mg·L
−1

 22±0 41±1.00 18±0 

pH value 6.42±0.03 5.77±0.09 6.49±0.02 

ORP/mV 822±2 868±8 803±6 

Note: ACC: Available Chlorine Concentration, mg/L; ORP: Oxidation 

Reduction Potential, mV. 
 

2.3  Microbiological analysis 

The number of the bacteria population was determined by 

analyzing 10 g of pomfret samples at each sampling time point.  

The sliced samples were homogenized with 90 mL of sterile 0.9% 

(w/v) normal saline (NS) for 90 s in a filtered stomacher bag by 

using a homogenizer (JYD-400, Shanghai Zhisun Equipment Co., 

Ltd, Shanghai, China).  The homogenized solutions were serially 

diluted (1: 10), and 0.1 mL of the desired dilution of each group 

was used for plating on plate count agar (PCA, Baisi 

Bio-Technology Co., Ltd., Hangzhou, Zhejiang, China).  All the 

plates were incubated at 37°C for 48 h, and all the counts are 

shown as log10 CFU/g sample, performed in duplicate.  

2.4  Determination of pH 

The pH value was determined using a pH meter (Testo  

AG205, Lenzkirch, Germany) by inserting an electrode into the 

dorsal muscle.  Each sample was measured six times to reduce 

errors. 
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2.5  Determination of TBARS 

The TBA was determined in duplicate measurements 

according to the method of Buege, Aust[21].  The samples were 

homogenized with 5 volumes (w/v) of 2-thiobarbituric acid (TBA) 

reagent (0.375% w/v TBA, 15% w/v TCA, and 0.25 mol/L HCl).  

The mixture was heated 10 min and then centrifuged (4500 r/min, 

25 min, 4°C), and the absorbance was measured at 532 nm.  The 

concentration of TBARS in the fish was expressed as mg of 

malondialdehyde (MDA)/100 g sample after comparing it with an 

MDA standard. 

2.6  Determination of total volatile basic nitrogen 

The measurement of total volatile basic nitrogen (TVBN) was 

carried out by the method of Wu et al.[22] and Foss[23], with slight 

modification.  Briefly, 3 g of the minced sample was blended with 

100 mL ultrapure water for 30 min before adding 1 g of MgO.  

The TVBN values were measured with a Kjeltec 2300 (FOSS, 

Hiller, Denmark) and expressed in mg TVBN/100 g of fish meat.  

TVBN was calculated with the following equation: 

1 2( ) 14
TVBN 100

3

100

V V c

m

  
 



           (1) 

where, V1 and V2 respectively represented the volumes of 

hydrochloric acid added to the sample groups and the blank group, 

mL; c was the concentration of hydrochloric acid, mol/L; m was 

the weight of the samples, g, with the results expressed as mg 

TVBN/100 g. 

2.7  Texture analyses 

The texture parameters of hardness, gumminess, and chewiness 

of the pomfrets were determined using a Brookfield CT3 texture 

analyzer (Brookfield Engineering Laboratories, INC.  Middleboro, 

Massachusetts, USA) equipped with a 5 mm cylindrical probe (P/5).  

The muscle was cut from the fish loin, which was then placed on 

the flat plate of the texturometer.  Two consecutive cycles at 50% 

compression were applied to construct the texture profile analysis 

parameters.  TPA was performed under the following conditions: 

constant test speed, 1.0 mm/s; hold time between cycles, 5 s; and 

trigger force, 5 g. 

2.8  Sensory evaluation 

The sensory evaluation was carried out by trained judges using 

a 9-point descriptive analysis according to the method of Wu et 

al.[22].  Seven trained panelists judged the sensory properties of the 

pomfret samples based on the appearance, color, smell, and overall 

acceptability.  And the sensory scores were the mean of the four 

indicators.  The samples with a score above four were considered 

acceptable.  

2.9  Statistical analysis 

All the experiments were performed in triplicate, and the data 

were expressed as the means±SD Statistical analyses were carried 

out with the IBM SPSS statistical software (SPSS 20.0 for 

windows, SPSS Inc., Chicago, IL, USA).  ANOVA (p<0.05) and 

Duncan's test were used to compare the means with standard 

deviations and to assess the difference among the different 

treatment groups. 

3  Results and discussion 

3.1  Microbiological analysis 

The presence of microorganisms in aquatic products is one of 

the main reasons for spoilage and deterioration.  As shown in 

Figure 2, the total viable counts (TVC) of the five groups 

significantly increased (p<0.05).  The initial TVC value of the 

pomfrets treated with SAEW prominently decreased to 2.88 log10 

CFU/g, compared to 4.15 log10 CFU/g in those samples treated with 

TW (p<0.05).  A TVC value lower than 7 log10 CFU/g is 

considered fresh in fish [24].  In this study, the TVC of the TW-, 

SAEW-, and TW-ice-treated groups reached this limitation on the 

9th, 12th, and 18th day, respectively, while that of the 

SAEW-ice-treated group was lower than this threshold at the end of 

the storage period.  As expected, the pomfrets in the TW group 

had the highest TVC value, followed by the SAEW, TW-ice, 

SAEW-ice, and SAEW+SAEW-ice groups during the storage 

period.  To a certain extent, our results indicated that SAEW, 

TW-ice, and SAEW-ice induced an effective delay in bacterial 

growth, as demonstrated by Zhang et al.[19] and Xuan et al.[20].  

Moreover, the combination of SAEW and SAEW-ice allowed for 

good retention of the fish quality, which is inferred from the lowest 

TVC value of the combination treatment among the five groups.  

Several previous studies reported that SAEW and SAEW-ice 

showed antimicrobial activity against bacteria[20, 25]. 

 
Note: Different lowercase letters at the same storage time showed a significant 

difference at p<0.05. 

Figure 2  Changes in total viable bacteria count (TVC) of 

pomfrets with different treatments during cold storage 
 

3.2  pH values 

Changes in pH value during the storage of the five groups are 

exhibited in Figure 3.  The initial pH value of the pomfret samples 

treated with TW on day 0 was approximately 6.74.  This result 

was higher than the findings of Wu et al.[12], which showed a pH of 

approximately 6.34.  Differences in the initial pH might be related 

to diet, activity levels, farming season, and stress during fishing.  

On the 1st day, a decreasing trend in pH in the SAEW, TW-ice, 

SAEW-ice, and SAEW+SAEW-ice groups was observed, which 

might be explained by the decrease in the energy reserves and the 

accumulation of lactic acid or other compounds resulting from 

glycolysis[20,22].  Similar results were also found by Xu et al.[26].  

Nevertheless, the pH values of all pomfret samples increased 

gradually over time and then became slightly alkaline or close to 

neutral.  An increasing trend observed in all samples after 1 d 

indicated the occurrence of spoilage, which induces the 

accumulation of ammonia compounds[27].  Though the pH values 

of these samples increased at different rates, the TW group 

demonstrated the highest rate, and the SAEW+SAEW-ice group 

demonstrated the lowest rate.  Accordingly, by day 12, the pH 

values reached 7.53, 7.18, 7.03, 6.92, and 6.84 for the TW, SAEW, 

TW-ice, SAEW-ice, and SAEW+SAEW-ice groups, respectively.  

During the storage period of 15-18 d, the pH values of the fish 

treated with the combination of SAEW and SAEW-ice were 
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significantly (p<0.05) lower than those of the fish with the 

individual treatments (SAEW-ice or SAEW).  Since the increase 

in pH value is caused by the accumulation of various alkaline 

substances produced by the endogenous enzymes and 

microorganisms in the sample[20,28], we inferred that the lowest pH 

value in the SAEW+SAEW-ice treatment might demonstrate its 

great potential for maintaining the quality of pomfrets in cold 

storage.  

 
Note: Different lowercase letters at the same storage time showed a significant 

difference at p<0.05. 

Figure 3  Changes in pH values of pomfrets with different 

treatments during cold storage 
 

3.3  Thiobarbituric acid value 

Mean TBA determinations of the five groups over the period 

of storage at 4°C are shown in Figure 4.  Obviously, the TBA of 

the TW group rapidly increased from 0.19 mg/100 g to 3.38 mg/100 g 

on the 12th storage day, whereas lower values of 0.82 mg/100 g, 

1.02 mg/100 g, 1.67 mg/100 g and 2.88 mg/100 g, respectively, 

were obtained for the SAEW+SAEW-ice, SAEW-ice, TW-ice, and 

SAEW groups (p<0.05).  At the end of the 18 d of storage, the 

TBA in the pomfrets was found to be 1.98 mg/100 g, 1.79 mg/100 g  

and 1.18 mg/100 g, respectively, when treated with TW, SAEW-ice 

and SAEW+SAEW-ice, which demonstrates a significantly higher 

ability for restraining TBA increases (p<0.05).  Meanwhile, it was 

considered that ice could effectively restrain the increase in the 

TBA value, as clarified by Xuan et al.[20].  Furthermore, the 

SAEW pretreatment combined with SAEW-ice dramatically 

maintained a low TBA value at the end of storage, compared with 

individual SAEW-ice treatment (p<0.05). 

As a measure of fish quality, a higher TBA value reveals a 

higher degree of oxidation of aquatic products[29,30].  According to 

the results of this study, we could infer that the combination of 

SAEW and SAEW-ice treatment might slow down lipid oxidation.  

These results were similar to those reported by Luan et al.[24], who 

stated that a chitosan coating combined with electrolyzed oxidizing 

water effectively slowed the increase in lipid oxidation and 

prolonged the shelf life of hairtail.  Xuan et al.[20] also found the 

preservation effectiveness of SAEW-ice in inhibiting lipid 

oxidation and eliminating off-flavors.  

3.4  Total volatile basic nitrogen value  

Figure 5 presents the TVBN of the pomfret samples influenced 

by the treatments of the five groups during storage at 4°C.  The 

increase in TVBN might be related to the conversion of protein and 

nonprotein nitrogen compounds to alkaline nitrogenous compounds 

by bacteria and endogenous enzymes, which are considered to be 

an indicator of fish freshness and quality[20,31].  On day 0, the 

TVBN values were 7.00 mg/100 g and 6.84 mg/100 g after 

immersion in TW and SAEW, respectively, similar to the results of 

7.25 mg/100 g reported by Wu et al.[12] Though different TVBN 

values exist in fishery products, a level of 30 mg/100 g for the 

TVBN value of fresh fish has been considered as the upper limit for 

fishery products acceptable by consumers[12].  During storage at 

4°C, the TVBN values in all samples increased continually.  

However, the increase in TVBN was much slower in all samples 

placed on ice (p<0.05), with the SAEW and SAEW-ice combined 

treatment showing the slowest increasing rate.  In addition, 

unacceptable samples appeared on the 3rd, 9th, and 18th day in the 

TW, SAEW, and TW-ice groups, respectively.  During the storage 

period of 18 d, the TVBN values of the pomfrets in the 

combination treatment group were slightly but insignificantly 

(p>0.05) lower than those of the pomfrets in the individual 

SAEW-ice treatment group, which might be attributed to the short 

storage time being unable to show the effects of SAEW 

pretreatment. 

 
Note: Different lowercase letters at the same storage time showed a significant 

difference at p<0.05. 

Figure 4  Changes in TBA values of pomfrets with different 

treatments during cold storage 

 
Note: Different lowercase letters at the same storage time showed a significant 

difference at p<0.05. 

Figure 5  Changes in TVBN values of pomfrets with different 

treatments during cold storage 
 

3.5  Texture analysis 

Hardness is the force required for fish to achieve a certain 

deformation, which is a more significant indicator of human tactile 
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sensory analysis[32].  Gumminess is expressed as the product of 

hardness and cohesion numerically, which has a positive 

correlation with fish cohesion, elasticity, and fatty properties, 

reflecting the tightness of the internal tissue state of the muscle.  

The chewiness is closely related to muscle hardness and elasticity 

affected by the collagen content in the fish[18,26].  From the testing 

results (Table 3), the hardness, gumminess, and chewiness of all 

the samples changed notably during storage (p<0.05).  At the 

same time, statistically significantly higher (p<0.05) values of the 

gumminess and chewiness in the SAEW + SAEW-ice group were 

found.  The loss of hardness was 69% and 42% in the TW group 

and the SAEW group on the 12th day, and 17%, 28%, and 34% in 

the SAEW+SAEW-ice group, SAEW-ice group, and TW-ice group, 

respectively.  Furthermore, the lowest level of gumminess in the 

five groups on day 12 was 53 g, which was much lower than the 

value of gumminess in the SAEW+SAEW-ice group on day 18, 

reflecting that the combined treatment had a desirable effect on the 

gumminess properties during cold storage.  The values of 

chewiness declined mostly in the TW group, followed by the 

SAEW-, TW-ice-, SAEW-ice-, and SAEW+SAEW-ice-treated 

groups.  The initial value of chewiness of the pomfrets was   

5.87 mJ, which fell to 1.63 mJ, 2.73 mJ, 3.07 mJ, 4.00 mJ, and  

4.33 mJ on day 12 in the TW, SAEW, TW-ice, SAEW-ice, and 

SAEW+SAEW-ice groups, respectively.  Finally, the value of 

chewiness decreased to 2.37 mJ, 2.7 mJ and 3.97 mJ at the end of 

the 18-day storage period in the TW-ice, SAEW-ice, and 

SAEW+SAEW-ice groups, respectively.  Accordingly, the 

SAEW+SAEW-ice treatments obviously inhibited texture 

deterioration compared to other groups.  Noticeably, the similar 

primary texture within 1 d between the SAEW and the TW-ice 

groups might indicate that SAEW pretreatment could replace 

TW-ice for a short time without ice.  
 

Table 3  Changes in texture properties of pomfrets with different treatments during cold storage 

Analyze parameters 
Days of storage 

0 1 3 6 9 12 15 18 

Hardness/g 

SAEW+SAEW-ice 600±50
aA

 593±23
aA

 596±58
aA

 552±36
aAB

 532±28
aAB

 499±15
aB

 449±44
aC

 383±29
aD

 

SAEW-ice 602±28
aA

 572±12
aAB

 482±48
bBC

 475±48
abBC

 443±89
abC

 431±95
abC

 403±96
aC

 341±38
abD

 

TW-ice 602±28
aA

 443±11
bBC

 486±31
bB

 449±69
bcBC

 438±24
bBCD

 395±33
bCD

 377±29
aD

 310±15
bE

 

SAEW 595±58
aA

 457±62
bB

 373±63
cBC

 365±17
cdBC

 349±49
cC

 347±35
bC

   

TW 602±28
aA

 432±30
bB

 334±58
cC

 333±57
dC

 271±20
cC

 188±11
cD

   

Gumminess/g 

SAEW+SAEW-ice 304±24
aA

 282±14
aA

 277±14
aA

 257±41
aAB

 217±8
aB

 208±38
aB

 204±21
aB

 195±35
aB

 

SAEW-ice 305±8
aA

 276±13
aAB

 246±20
abBC

 216±21
abCD

 186±27
aDE

 171±20
aDE

 153±48
aEF

 117±9
bF

 

TW-ice 305±8
aA

 229±16
bB

 215±9
bcBC

 194±26
bcCD

 165±13
abDE

 148±8
aE

 138±19
aE

 106±17
bF

 

SAEW 304±24
aA

 229±9
bB

 206±20
cdBC

 179±17
bcCD

 162±27
abCD

 149±3
aD

   

TW 305±8
aA

 213±13
bB

 179±24
dBC

 140±44
cCD

 116±10
bD

 53±2
bE

   

Chewiness/mJ 

SAEW+SAEW-ice 5.87±0.42
aA

 5.67±0.21
aAB

 5.37±0.12
aAB

 4.87±0.58
aB

 4.87±0.49
aC

 4.33±0.78
aC

 4.17±0.42
aC

 3.97±0.61
aC

 

SAEW-ice 5.87±0.90
aA

 5.63±0.15
aA

 5.30±0.20
aAB

 4.47±0.49
aBC

 4.17±0.29
bC

 4.00±0.10
abC

 3.87±0.65
abC

 2.70±0.70
bD

 

TW-ice 5.87±0.90
aA

 4.97±0.15
bcB

 4.70±0.26
abC

 4.03±0.42
abC

 3.73±0.25
bCD

 3.07±0.55
bcDE

 2.70±0.66
bDE

 2.37±0.50
bE

 

SAEW 5.87±0.42
aA

 5.33±0.23
abA

 3.97±0.70
bcB

 3.13±0.78
bcBC

 2.73±0.35
cC

 2.73±0.15
cC

   

TW 5.87±0.90
aA

 4.53±0.65
cB

 2.70±0.53
cC

 2.70±0.53
cC

 2.63±0.35
cC

 1.63±0.70
dC

   

Notes: (1) Mean values±standard deviations from triplicate are presented; (2) Means in the same column with different small letters are significantly different (p<0.05); 

(3) Means in the same row with different capital letters are significantly different (p<0.05).  TW, tap water; SAEW, slightly acidic electrolyzed water. 
 

The changes mentioned in hardness, gumminess, and 

chewiness could be attributed to changes in the proteins and lipids 

of the fish muscle tissue caused by enzyme reactions and bacterial 

reproduction[19].  Based on the maintenance of texture by the 

combined treatment (SAEW+SAEW-ice), it is likely to deduce that 

the combination of SAEW and SAEW-ice could inhibit the 

changes in the protein, lipid, and microbial population, which 

corresponded with the results of the TVBN, TBA and TVC values.  

Relevant studies have mentioned that SAEW or SAEW-ice could 

improve the textural parameters and maintain aquatic product 

quality to some extent.  Zhang et al.[19] indicated that the 

combined treatment of ice-glazing with weakly acidic electrolyzed 

water (WAEW) and modified atmosphere packaging (MAP) 

effectively retarded the degradation of the physical structure of 

shrimp muscle and maintained its quality.  In the previous study, 

an SAEW+AA treatment was shown to have a significant effect on 

maintaining a better texture of freshwater prawns during cold 

storage[18]. 

3.6  Sensory evaluation 

Sensory evaluation is crucial in food quality evaluation, 

which results in the consumers’ final reaction[13,33].  The sensory 

scores of the pomfret samples were derived from appearance, 

color, odor and overall acceptability equally.  As illustrated in 

Figure 6 and Figure 7, the sensory scores of all of the pomfrets 

continuously decreased with increasing storage time.  Among 

the five groups, the SAEW+SAEW-ice group had a significantly 

higher level of sensory scores on the 12th day (p<0.05).  In 

general, the fish samples are regarded as unacceptable for human 

consumption at sensory scores below 4[22].  The sensory scores 

of the samples scored 3.15 and 3.80 on the 12th and 9th day in the 

SAEW and TW groups, respectively, which were lower than the 

critical value.  At the end of storage (day 18), unacceptable 

samples were not found among the TW-ice, SAEW-ice, and 

SAEW+SAEW-ice groups.  However, the sensory evaluation 

showed a retardance to a certain degree, compared with the 

microbiological and chemical analysis.  In agreement with 
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recent results reported by several authors[10,20], this was possibly 

due to the sensory analysis likely not being sensitive enough.  

Nevertheless, we still concluded that the SAEW+SAEW-ice 

treatment exhibited a splendid ability for the preservation of 

pomfret, as the samples of this group maintained the lowest value 

within the 18-day storage period. 

 
a. Appearance  b. Smell 

 

c. Color  d. Overall acceptability 
 

Figure 6  Radar plots of individual sensory evaluation 
 

 
Note: Different lowercase letters at the same storage time showed a significant 

difference at p<0.05. 

Figure 7  Changes in sensory quality of pomfrets with different 

treatments during cold storage 

4  Conclusions 

In this study, five storage methods (TW, SAEW, TW-ice, 

SAEW-ice, and SAEW+SAEW-ice) were tested to evaluate their 

effects on the preservation of pomfrets.  Based on the comparative 

analysis of the quality indexes (TVC, pH, TBA, TVBN, texture 

analysis and sensory properties), the combination of SAEW and 

SAEW-ice treatment was capable of reducing bacterial 

contamination and prolonging the shelf life of the pomfrets during 

storage at 4°C when compared with SAEW or SAEW-ice alone.  

Meanwhile, these results revealed that the treatments of SAEW and 

SAEW-ice also contributed to the preservation and storage of 

pomfrets.  In a future study, the preservation effectiveness of 

SAEW and SAEW-ice in different concentrations and 

combinations on other types of seafood will be performed to lay the 

foundation for commercial application for the preservation of 

aquatic products.  
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