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INTRODUCTION 

Fish is a vital source of nutrients to humans due 
to its protein acetous nature, high content of 

unsaturated fatty acids and low contents of 

carbohydrates. In their natural environments fish 

are exposed to a myriad of microorganisms 
some of which compromise the shelf life of the 

product and/or safety in humans. Most fish 

factories located along coasts find it economical 
to use processed sea water during processing. It 

is an extremely perishable commodity and 

quality loss can occur very rapidly after catch 

(Khan and Khan, 2001; Musa et al., 2010; Dewi 
et al., 2011). Curing of fish is an ancient method 

of preservation in the world that primarily 

involves two stages, salting and drying (Anon, 
2001). Salted fish products have been shown to 

be safe for consumption. It decreases the water 

activity and is governed by various physical and 
chemical factors such as diffusion, osmosis and 

a series of complicated chemical and 

biochemical processes (Turan et al., 2007). 

Salting is one of the oldest and commonly used 
processing techniques for fish preservation all 

over the world because of simplicity of the 

process and low production cost (Martinez-
Alvarez & Gomez-Guillen, 2013). Salt is 

effective as a preservative because it reduces the 

water activity of fish muscle, consequently 

bacterial growth and enzymatic spoilage are 
inhibited. On the other hand, the current demand 

for salted fish is driven more by sensorial 

alteration purposes, rather than preservation 
(Mujaffar & Sankat, 2005). Ozone is one the 

most powerful antimicrobial substance (natural 

sanitizing and disinfecting agents) in the world 

destroying up to 99.9% of pesticides and 
microorganisms commonly found on food due 

to its potential oxidizing capacity. Any pathogen 

or contaminant that can be disinfected, altered 
or removed via an oxidation process will be 

affected by ozone. (King, 2001; Duguet, 2004).  

Ozone does not produce significant toxic 

residues in the environment after the treatment 
and without affecting on taste, odor and color 

food (Kim et al., 1999; Graham, 1997). In the 

United States, ozone has received in 1997 
GRAS (Generally Recognized as Safe) 

classification, and in 2001 the FDA officially 

approved media containing ozone for use in the 
food industry, also for direct contact with food 

products, including fish, meat and poultry (Vaz-

Velho et al., 2006; Zentox, 2007). One way of 

extending the shelf life and quality of a salted 
fish is using vacuum packaging, which is a way 
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for delaying lipid oxidation (auto oxidation), as 

it is one the major problems in the salted fish. 
Lipid oxidations had negative affect on taste, 

odor and color of salted fish, (Taheri and 

Motallebi, 2012). The aim of the study is to 
evaluate the effect of packaging system on 

quality of salted fish to enhance shelf life, more 

safe and marketability.   

MATERIALS AND METHODS 

Materials 

 Tiger (hydrocynus vittatus) and fresh water 
sardine fish (S. pilchardus) had been collected 

from Lake Nasser in Aswan-Egypt and the fish 

was brought to Agriculture research center, 

Giza, Egypt using ice boxes. 

Packaging materials 

A double-layer film high gas barrier made from 

Polyamide/Polyethylene PA/PE (40/30 micron) 
were purchased from Arab Pharmaceutical 

Packaging Company (Felxpack, www.flexipack-

eg.com/ar) 6
th
 October City and formed as a 

bags (15*30 cm). Oxygen permeability of the 

plastic film was (0.001cm
2
/m

2
/day) and water 

vapor permeability was (zero) 

Sodium chloride 

Sodium chloride was purchased from Emisal 

Salts Company Fayoum Governorate. 

Methods 

Preparation of salted fish 

 Viscera of the fish were removed and washed 

with large amount of water. Tiger and fresh 

water sardine fish were salted using NaCl (25%) 
for 30 days. The salted fish were divided into 

four groups  

 Control samples air were packaed in 

polyamide/polyethylene (40/30 micron) 
bags 

 Sample were packed under vacuum in 

polyamide / polyethylene bags 

 Samples were packed in 

polyamide/polyethylene bags and injected 
with ozone for 5 minutes using Ozanator 

device/(400 mg/h), then vacuumed.       

 Samples were packed in 

polyamide/polyethylene bags and injected 

with ozone for 10 minutes using Ozanator 
device/(400mg/h), then vacuumed.       

All samples were stored at room temperature for 

6 months.   

Chemical analysis:  

Proximate analysis including moisture, total 
protein, fat, ash and were carried out according 

to (AOAC, 2005), sodium chloride content was 

determined according to (Prearson, 1970).  

Chemical quality attributes 

Total volatile nitrogen (T.V.N) and 

thiobarbituric acid (T.B.A) value were 

determined according to (AMC, 1979) and 

(Kirk & Sawyer, 1991) and pH value was 

estimated according to (Goulas and 

Kontominas, 2005). 

Microbiology evaluation 

The bacteria count was then calculated as 

(cfu/g) of samples as reported by (Fda Bam, 

2001).  

Estimation of sensory evaluation 

Determination of the quality of salinity fish was 

made by six members in ARC in terms of 
sensory characteristics such as color, odor, 

texture and overall acceptability according to 

(Suderman et al., 1981), the panel was 
requested to rate each sensory feature of the 

samples after manufacturing and the average 

score was considered to be the borderline of 

acceptability  

Statistical analysis 

The obtained data were exposed to analysis of 

variance followed by multiple comparisons 
between means (P≤0.05) applying LSD. The 

analysis was carried out using the PRO ANOVA 

procedure of Statistical Analysis System (Sas, 

1996). 

RESULTS AND DISCUSSION 

Chemical Analysis  

Moisture, protein, fat, and ash contents for fresh 

and salted fish were determined according to 

(A.O.A.C, 2005) as shown in table (1). The 
results observed that moisture content, protein 

and pH of fresh samples were higher than salted 

ones while fat, ash, TVN and TBA content were 

higher in salted samples than fresh ones, this 
may be due to that During salting, the mass 

transfer occurs basically between salt and water: 

the fish muscle takes up salt and loses water 
(Chaijan, 2011; Oliveira, et al., 2012), also 

Nutritional components, such as lipid and ash 

were increased due to the loss of water in fish 
muscle in the salt in process (Bras & Costa, 

2010; Chaijan, 2011). However, protein 

content was decreased in some cases, such as 

http://www.flexipack-eg.com/ar
http://www.flexipack-eg.com/ar
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transference of water soluble proteins to the salt 

solution (Abbas Bakhiet & Khogalie, 2012; 

Hasan & Fatma, 2015). Protein in salted 

samples were lower than fresh ones as shown in 

table 1, the major change in protein are caused 

by increasing salt concentration that increase 

protein degradation consequently. The pH value 
decrease was explained by the increasing the 

ionic strength of the solution inside the cells 

(Goulas & Kontominas, 2005). 

Table1. Chemical composition of fresh and salted fish. 

(Wet weight) 

% 

Tiger fish Fresh water sardine 

Fresh salted Fresh Salted 

Moisture 72.8 49.5 72.6 49.1 

Protein 19.8 17.6 18.75 16.8 

Fat 4.7 10.6 6.15 12.2 

Ash 2.7 22.3 2.5 21.9 

pH 6.2 5.8 6.1 5.7 

TVN 7.3 13.6 7.2 13.4 

TBA 0.53 0.70 0.55 0.75 

Salt (NaCl) - 14.70 - 14.72 

     

Changes in TVN (Total volatile Nitrogen value) 

TVN has been used as an index for the 
determination of freshness of fish, Volatile 

nitrogenous bases increase in concentration 

during the spoilage of fish (Farzana, et al., 

2014). The changes in TVN values of salted and 

fresh fish during storage were determined as 

shown in table (2), the results observed that 
TVN increased during storage time significantly 

in treatment (1) followed by treatment (3) and 

(4), this may be due to that salinity fish was 

packed under vacuum in treatment (2) and this 
reduced the amount of oxygen present in the 

package as it enhance the shelf life of the 

product by inhibiting the growth of aerobic 

spoilage bacteria (Mendes & Goncalvez 2008; 

Mohan, et al., 2016), which disintegrates 

protein led to increase the rate of  TVN 

compared to  treatment (1). Treatment (4) was 
the lowest value of TVN followed by treatment 

3, 2 and 1, respectively this may be due to the 

use of ozone and then packing under vacuum, 
this reduce the aerobic and anaerobic bacteria 

and improve the microbial quality attributes of 

treatment (4 and 3), as previously discussed by 

(Alex, 2009 & Marcilene and Heidmann, 

2005 & Kocatepe et al., 2014).     

Table2.Effect of packaging methods on total volatile nitrogen (TVN as mg /100 gm) of salted fish stored at room 

temperature for 6 months. 

 Zero time 2 month 4 months 6 months 

1 T.f 13.6a±0.3 18.0a±0.3 25.2a±0.4 32.7a±0.3 

F.s 13.4a±0.4 17.8a±0.3 24.2a±0.2 31.8a±0.5 

2 T.f 13.6a±0.2 16.2b±0.2 17.8b±0.2 25.2b±0.2 

F.s 13.4a±0.2 15.9b±0.3 17.3b±0.2 24.8b±0.3 

3 T.f 13.6a±0.2 15.3c±0.3 16.1c±0.3 23.5c±0.3 

F.s 13.4a±0.2 14.8c±0.2 15.7c±0.3 23.2c±0.4 

4 T.f 13.6a±0.2 14.2d±0.2 15.2d±0.2 22.1d±0.2 

F.s 13.4a±0.2 13.9d±03 14.9d±0.2 22.0d±0.4 

LSD T.f 0.552 0.480 0.740 0.564 

F.s 0.541 0.524 0.431 0.761 

      
 Mean values in the same column as letter or row with the same letter are not significant different at 0.05 level. 

T.f= Tiger fish 

F.s= Fresh water sardine 

1=Salted fish (control).  

2=Salted fish was packaged under vacuum in polyamide/polyethylene bags.  

3=Salted fish was packaged under vacuum polyamide/polyethylene bags after sterilization by injection Ozone 

(O3) for 5 minute thin sealed.   

4=Salted fish was packaged under vacuum polyamide/polyethylene bags after sterilization by injection Ozone 

(O3) for 10 minute thin sealed.   

Changes in pH value 

pH is an indicator of the extent of microbial 

spoilage in fish and some proteolytic microbes 

produce acid after decomposition of 
carbohydrate, thereby increasing the acid level 

of the medium (Eyo, 1993). The pH in fresh 
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condition fresh- water fish flesh is almost 

neutral (Virta, 2009). In the post-mortem 
period, decomposition of nitrogenous 

compounds leads to an increase in pH in the fish 

flesh (Shenderyuk and Bykowski, 1989). The 
increase in pH indicates the loss of quality. 

Table (3) shows pH values of fresh and salted 

tiger and fresh water sardine fish during storage 

at room temperature, the results observed that 
pH of fresh fish is higher than salted fish as it 

decreased from 6.2 to 5.8 for tiger fish and from 

6.1 to 5.7 for fresh water sardine, this may be 

due to the increase of acidic compound. Also, 

pH increased during storage in all treatments 
studied, this may be due to the increase of basic 

compounds as microbial spoilage and 

degradation of protein compounds. pH values 
was significantly higher in treatment (1) 

followed by treatments 2, 3 and 4 due to the 

direct relation between TVN and pH value and 

the microbial spoilage which leads to a autolysis 
in the tissue. The same results were presented by 

(Farzana, et al, 2014; Marcilene and 

Heidmann, 2005) 

Table3. Effect of packaging methods on PH values of salted fish     stored at room temperature for 6 months. 

 Zero time 2 month 4 months 6 months 

1 T.f 5.8a±0.35 6.65 a±0.25 6.95 a±0.1 7.5 a±0.2 

F.s 5.7 a±0.3 6.55 a ±0.2 6.75a±0.23 7.3a±0.2 

2 T.f 5.8 a±0.2 6.3b±0.2 6.55ab±0.3 6.95b±0.22 

F.s 5.7 a±0.18 6.2b±0.14 6.45ab±0.25 6.8b±0.13 

3 T.f 5.8 a±0.15 6.11 b ±0.11 6.25bc±0.2 6.5c±0.18 

F.s 5.7 a±0.22 6.1b±0.18 6.22bc±0.15 6.45c±0.2 

4 T.f 5.8 a±0.15 6.0 b ±0.15 6.05bc ±0.23 6.2c±0.13 

F.s 5.7 a±0.28 5.9b±0.15 6.0c±0.2 6.1d±0.11 

LSD T.f 0.395 0.349 0.424 0.349 

F.s 0.470 0.321 0.397 0.311 

      

Mean values in the same column as a letter or row with the same letter are not significant different at 0.05 level. 

T.f= Tiger fish 

F.s= Fresh water sardine 
1=Salted fish (control).  

2=Salted fish was packaged under vacuum in polyamide/polyethylene bags.  

3=Salted fish was packaged under vacuum polyamide/polyethylene bags after sterilization by injection Ozone 

(O3) for 5 minute thin sealed.   

4=Salted fish was packaged under vacuum polyamide/polyethylene bags after sterilization by injection Ozone 

(O3) for 10 minute thin sealed.   

Changes in Thiobarbituric Acid (TBA) Value 

TBA is widely used as an indicator for the 

assessment of degree of secondary lipid 

oxidation. Even though hydro peroxidases are 

odorless and flavorless compounds and not 

related directly to the actual sensorally 

objectionable rancification and discolouration,  

lipids are highly susceptible to oxidation 

because they contain 50 - 60% of 

polyunsaturated fatty acids including 15 -18 %, 

eicosapentaoic acids (EPA) and 35 - 38% 

docosahexaenoic acid (DHA). The oxidative 

breakdown of lipids is also evidenced by the 

incidence of high TBA values in the respective 

samples. Generally the increase in TBA 

indicated 

the formation of secondary oxidation products 

such as aldehydes and other volatile compounds 

responsible for rancid flavor and off odors as 

well as color and texture deterioration. The 

oxidative breakdown of lipids is also evidenced 

by the incidence of high TBA values in the 

respective samples (Kolakowska, 2002 and 

Immaculate, 2016). 

Table (4) shows that TBA values of salted (fresh 

water sardine and tiger fish) during storage time. 

The results observed that TBA values of  

treatment ( 1)  was significantly highest  

followed by treatment 2, 3 and 4 respectively, 

this may be due to packaging system as there is 

absence of O2 for packaging under vacuum, 

which retarded the oxidative process of the 

polyunsaturated fatty acids in this treatment 

(Marcilene and Heidmann, 2005). Treatment 

(4) had the lowest value of TBA  followed  by 

treatment 3, 2 and 1 respectively, this may be 

due to that ozone treatment (4 and 3) for 

sterilization reduced the aerobic and anaerobic 

bacteria this led to the improvement of the 

microbial quality attributes of treatment 4 and 3 

compared with treatment 2 and 1 of salted (fresh 

water sardine and tiger fish), respectively, this 
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results agreed with the obtained results by (Alex,2009 & Kocatepe et al., 2014).     

Table4. Thiobarbeturic acid (TBA as mg malonaldehyde/kg).of salted fish stored at room temperature for 6 months 

 Zero time 2 month 4 months 6 months 

1 T.f 0.70a±0.3 1.64a±0.14 2.75a±0.23 3.23a±0.2 

F.s 0.75 a±0.22 1.83 a±0.3 2.88a±0.27 3.35a±0.13 

2 T.f 0.70 a±0.25 1.51 ab±0.11 1.90b±0.17 2.66b±0.22 

F.s 0.75 a±0.13 1.55ab±0.24 1.95b±0.18 2.73b±0.15 

3 T.f 0.70 a±0.3 1.31b±0.11 1.75bc±0.14 2.15c±0.21 

F.s 0.75 a±0.17 1.48 ab ±0.2 1.78bc±0.21 2.25c±0.13 

4 T.f 0.70 a±0.12 1.23 b±0.13 1.43c±0.18 1.65d±0.16 

F.s 0.75 a±0.12 1.35b±0.18 1.47c±0.16 1.76d±0.14 

LSD T.f 0.523 0.238 0.344 0.734 

F.s 0.310 0.442 0.394 0.259 

      

Mean values in the same column as a letter or row with the same letter are not significant different at 0.05 level. 
T.f= Tiger fish. 

F.s= Fresh water sardine. 

1=salted fish  control).  

1=Salted fish (control).  

2=Salted fish was packaged under vacuum in polyamide/polyethylene bags.  

3=Salted fish was packaged under vacuum polyamide/polyethylene bags after sterilization by injection Ozone 

(O3) for 5 minute thin sealed.   

4=Salted fish was packaged under vacuum polyamide/polyethylene bags after sterilization by injection Ozone 

(O3) for 10 minute thin sealed.   

The Effect of Packaging System on 

Microbiological Evaluation  

Table (5) shows the microbiological evaluation 

of salted fish (tiger fish and fresh water sardine) 

during storage period (6 months) at room 
temperature.  The results observed that the total 

plate count (TPC) of control samples (treatment 

1) was higher than treatment (2, 3 and 4), 
respectively at zero time and during storage 

time. On other hand, it could be noticed that 

TPC of treatment (2, 3 and 4) after 2 month of 
storage lower than TPC  at zero time, this may 

be due to that samples packed under vacuum in 

treatment (2) leads to the reduction of oxygen 

concentrate which  inhibit the growth of aerobic 
spoilage bacteria and extend the shelf life of 

product (Mendes & Goncalvez 2008; Mohan, 

et al., 2016),  and using the injection of Ozone 

gas for sterilization before  vacuum in 
treatments (3 and 4),  showed that the reduction 

of the aerobic and anaerobic bacteria improve 

the microbial quality attributes, the same results 

were obtained by (Alex, 2009 & Marcilene and 

Heidmann, 2005 & Kocatepe et al., 2014), this 

may be due to the increase in simple nitrogen 

compound (such as amino acids) and fatty acid 
when produced by hydrolysis of protein and fat, 

which consequently leads to a suitable condition 

for the growth of not only proteolytic and 
lipolytic bacteria but also other microorganisms 

(El-Kordy, 2006). Also, (Abd EL-Aziz 2000) 

who reported that the increase in bacterial count 

at end of storage period could be attributed to 
increase in pH value at the end of storage 

consequently support the bacterial growth. 

Table5.Effect of packaging system on the total count bacteria of salted fish stored at room temperature for 6 

months. 

 Zero time 2 month 4 months 6 months 

1 T.f 103×7.0 9.2×103 5.1×104 8.5×106 

F.s ×1036.8 8.8×103 4.3×104 7.8×106 

2 T.f 5.0×103 2.6×103 8.5×103 2.3×104 

F.s 4.8×103 2.3×103 8.3×103 2.1×104 

3 T.f 3.2×102 2.2×102 2.1×103 8.3×103 

F.s 3.1×102 2.1×102 3.0×103 8.0×103 

4 T.f 2.3×102 1.5×102 7.2×102 2.8×103 

F.s 2.0×102 1.3×102 6.8×102 2.6×103 

      

T.f = Tiger fish. 

F.s = Fresh water sardine. 

T.f = Tiger fish 

F.s = Fresh water sardine 
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1= Salted fish (control).  

2= Salted fish was packaged under vacuum in polyamide/polyethylene bags.  

3= Salted fish was packaged under vacuum polyamide/polyethylene bags after sterilization by injection Ozone 

(O3) for 5 minute thin sealed.   

4= Salted fish was packaged under vacuum polyamide/polyethylene bags after sterilization by injection Ozone 
(O3) for 10 minute thin sealed.   

The results observed that after storage (6 

months) at room temperature the bags treated by 

ozone or under the vacuum air individually 

combined the microbial count were less than 10
4
 

CFU/g, and still safe and this agreed with the 

Gulf standard specifications which states that 

the total bacteria not more than 10
6 

CFU/g 

While the number of microbial 10
6
 in the control 

sample after storage (6 months) at room 

temperature 

Sensory Evaluation 

 Sensory evaluation tests have been conducted 

by members in ARC to evaluate the goodness 

and badness of food (Meilgaard et al., 1999) 

via their senses (i.e. tasting, smelling, touching, 

etc.). The descriptive analysis involves the 

detection (discrimination) and the description of 

both the qualitative and quantitative sensory 

aspects of a product by trained panels. Tables (6 

and 7) presented the average values obtained in 

the evaluation of different attributes related 

with: color, odor, taste, texture and overall 

acceptability of sensory evaluation of salted 

tiger and fresh water sardine fish by the sensory 

panel. The results observed that no significant 

differences in values of color, odor, taste, 

texture and overall acceptability of salted (tiger 

and fresh water sardine) fish between all 

treatments at zero time of storage. But during 

storage, it could be indicated that sensory 

evaluation (color, odor, taste, texture and 

Overall acceptability) was significantly higher 

in treatment (4 and 3) followed by treatment (2 

and 1) respectively. This results confirmed with 

chemical quality attributes (TVN, TBA and pH) 

and Microbiological quality attributes.  

Table6. Sensory evaluation of salted tiger fish stored at room temperature for 6 months. 

  1 2 2 4 LSD 

Z
er

o
 t

im
e 

Color 8.0a±0.5 8.0a±1.0 8.0a.±1.0 8.0a±0.5 1.489 

Taste 7.6 a±0.58 7.6a±1.0 7.6a±0.8 7.6a±0.5 1.405 

Odor 7.8a±0.75 7.8a±0.9 7.8a±0.8 7.8a±0.65 1.469 

Texture 7.5a±0.7 7.5a±0.6 7.5a±0.75 7.5a±0.45 1.196 

Overall Acceptability 7.725a±0.25 7.725a±0.35 7.725a±0.37 7.725a±0.4 0.653 

2
 m

o
n

th
 

Color 8.0a±0.85 8.0 a±0.75 8.0 a±0.55 8.0 a±0.45 1.259 

Taste 7.6a±0.7 7.6a±0.65 7.6a±1.1 7.6a±0.9 1.612 

Odor 7.65a±0.55 7.7a±0.4 7.8a±0.5 7.8a±0.35 0.860 

Texture 7.2a±0.6 7.5a±0.65 7.5a±0.55 7.5a±0.7 1.181 

Overall Acceptability 7.613a±0.45 7.7a± 0.4 7.725a±0.38 7.725a±0.27 0.717 

4
 m

o
n

th
s 

color 7.5 a±0.8 8.0 a±0.5 8.0 a±0.6 8.0 a±0.5 1.153 

taste 6.15b±0.5 7.0ab±0.55 7.35a±0.6 7.5a±0.5 1.015 

odor 6.45
b
±0.4 7.2

ab
±0.5 7.5

a
±0.6 7.65

a
±0.5 0.950 

texture 6.35b±0.4 6.8ab±0.5 7.35a±0.45 7.4a±0.30 0.789 

Overall  Acceptability 6.613b±0.53 7.25ab±0.3 7.55a±0.3 7.638a±0.2 0.666 

6
 m

o
n

th
s 

color 6.5b±0.5 7.3ab±0.7 8.0a±0.5 8.0a±0.6 1.093 

taste 5.3c±0.6 6.3b±0.5 7.1ab±0.5 7.35a±0.3 0.091

7 

odor 5.25c±0.6 6.25b±0.4 7.35a±0.6 7.45a±0.4 0.960 

texture 5.15c±0.35 6.2b±0.45 7.1a±0.4 7.2a±0.55 0.835 

Overall Acceptability  5.55c±0.43 6.513b±0.2 7.388a±0.25 7.5a±0.3 0.578 

       

Mean values in the same column as a small letter or row with the same letter are not significant different at 0.05 

level 
1=salted fish (Control).  
2=salted fish was packed under vacuum in polyethylene/polyamide packages.  

3=salted fish was packed under vacuum polyethylene/polyamide packages after sterilization with Ozone (O3) for 

5 minute.   

4= salted fish was packed under vacuum polyethylene/polyamide packages after sterilization with Ozone (O3) 

for 10 minute.   
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Table7. Sensory evaluation of salted fresh water sardine fish stored fish stored room temperature for 6 months. 

  1 2 2 4 LSD 
Z

er
o
 t

im
e 

color 8.0a±0.7 8.0a±0.9 8.0a.±1.0 8.0a±0.85 1.637 

taste 7.65 a±0.70 7.65a±0.8 7.65a±0.65 7.65a±0.85 1.420 

odor 7.85a±0.55 7.85a±0.75 7.85a±0.8 7.85a±0.5 1.247 

texture 7.5
a
±0.6 7.5

a
±0.45 7.5

a
±0.55 7.5

a
±0.70 1.095 

Overall Acceptability 7.75a±0.4 7.75a±0.5 7.75a±0.35 7.75a±0.6 0.889 

2
 m

o
n

th
 

color 8.0a±0.65 8.0 a±0.55 8.0 a±0.70 8.0 a±0.45 1.208 

taste 7.65a±0.35 7.65a±0.45 7.65a±1. 7.65a±0.75 1.293 

odor 7.6a±0.75 7.85a±0.65 7.85a±0.55 7.85a±0.65 1.231 

texture 7.0a±0.6 7.45a±0.55 7.45a±0.65 7.45a±0.7 1.181 

Overall Acceptability 7.563±0.5 7.788a± 0.55 7.788a±0.4 7.788a±0.6 0.974 

4
 m

o
n

th
s 

color 7.1 a±0.45 8.0 a±0.3 8.0 a±0.25 8.0 a±0.4 0.676 

taste 6.2b±0.35 7.1ab±0.7 7.45a±0.5 7.55a±0.35 0.934 

odor 6.33b±0.35 7.15ab±0.5 7.4a±0.55 7.50a±0.45 0.882 

texture 6.20b±0.35 6.65ab±0.45 7.20a±0.5 7.35a±0.40 0.807 

Overall Acceptability 6.458b±0.5 7.225ab±0.6 7.513a±0.35 7.60a±0.25 0.839 

6
 m

o
n

th
s 

color 6.35b±0.35 7.25ab±0.75 8.0a±0.45 8.0a±0.55 1.026 

taste 5.35c±0.7 6.4b±0.55 7.25ab±0.35 7.4a±0.35 0.958 

odor 5.2c±0.4 6.2b±0.4 7.35a±0.35 7.40a±0.4 0.733 

texture 5.1c±0.40 6.15b±0.50 7.0a±0.35 7.15a±0.40 0.783 

Overall Acceptability  5.50c±0.6 6.50b±0.6 7.40a±0.4 7.488a±0.3 0.927 

Mean values in the same column as a small letter or row with the same letter are not significant different at 0.05 

level  
1=salted fish (Control).  

2=salted fish was packed under vacuum in polyethylene/polyamide packages.  
3=salted fish was packed under vacuum polyethylene/polyamide packages after sterilization with Ozone (O3) for 

5 minute.   

4=salted fish was packed under vacuum polyethylene/polyamide packages after sterilization with Ozone (O3) for 

10 minute.   

CONCLUSION 

In conclusion, all analysis results show that the 
use of high barrier bags polyamide/polyethylene 

and modern packaging methods using Ozone for 

sterilization O3 then vacuumed and sealed is 
more effective method to preserve chemical and 

microbiological quality of salted tiger and fresh 

water sardine fish stored at room temperature.   
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