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Abstract 

Sushi, a very popular food worldwide became a popular ready-to-eat food selling in 

supermarkets, but it exhibit distinct features, which are associated with microbiological 

hazards. Therefore, MAP technology, known to reduce aerobic bacteria in fishery products, 

was used to improve quality of ready-to-eat salmon sushi in this study. Salmon sushi were 

packaged with air (control), 50%N2 /50%CO2 (MAP-a), and 100% CO2 (MAP-b), stored at 4 

±1°C for 6 days and analyzed every day. During the study, control samples taken the lowest 

sensory scores. The total color change (∆E) was lower in MAP samples comparing to 

controls. Likewise, mesophilic and psychrophilic aerobic bacteria counts of gas-treated 

samples were significantly lower. These results show the positive effect of MAP technology 

on the quality of salmon sushi. Regarding the improving demand to ready-to-eat sushi selling 

in supermarkets, this result will be useful in further studies and commercial applications. 
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Introduction 
Sushi, comes from Asia, is widely 

distributed throughout the US and Europe. It is 

rich in high quality protein and an excellent 

source of omega-3 fatty acids because of the 

seafood ingredients (Cysneiros et al., 2009). 

Since sushi is often served raw, no cooking fat 

is introduced during its preparation.  It is low in 

fat, concentrated with nutrients, and delicious to 

consume; therefore it became very popular all 

over the world (Simpson et al., 2008). People 

also enjoy the fact that a typical serving of 

sushi, about 8-10 pieces, is around 350-400 

calories (Cysneiros et al., 2009).  

The term “sushi” refers to food consisting 

of cooked rice flavored with vinegar, sugar and 

salt, and garnished with seafood, roe, and 

vegetable which may or may not be wrapped 

with seaweed (Anon, 2000).  It is eaten cold, 

and most of the toppings are raw seafood. 

Therefore, sushi exhibits distinct features that 

are associated with microbiological hazards. If 

storage temperature is not properly maintained, 

it could contribute to growth and persistence of 

microorganisms (Anon, 2000; Cysneiros et al., 

2009).  Thus, microbiological assessment of 

sushi provides information regarding the 

product safety (International Commission on 

Microbiological Specifications for Foods, 

1978).  

Sushi is a food product that is usually 

prepared and served at the same time. However, 

it is necessary to consider industrial production 

due to the high consumer demand (Simpson et 

al., 2008). In recent years, selling of this food in 

supermarkets is easier through sushi machines. 

Sushi machines provide the mass production of 

sushi combining the delicate skills used by 

sushi chefs, therefore making and selling sushi 

is more accessible to countries around the world 

(Cysneiros et al., 2009). The vast majority of 

supermarkets offer fresh food for take-out, 49% 

sushi (Sloan, 2007). Pre-packed sushi and 

sashimi are available in the supermarkets, 

shops, or in shopping centers. Importers, food 

manufacturers, restaurant owners and even 

supermarket entrepreneurs have been attracted 

to participate in these varieties of business 

(Anon, 2000). In this context, keeping the 

quality of this product became important.  

To maintain an increased shelf life and 

keep quality, modified atmosphere packaging 

(MAP) technique offers technological options 

to the seafood sector (Rodgers, 2008). The use 

of gas mixes with high levels of CO2 inhibits or 

reduces the growth of various aerobic spoilage 

bacteria in fishery products by extending the 

lag phase (Lannelongue et al., 1982; Farber, 

1991; Reddy et al., 1992). Lengthening shelf-

life, reduction of economic losses, and 

supplying a better quality product are the 

advantages of MAP technology (Sivertsvik et 

al., 2002). This technology allows seafood to be 

delivered to long-distance markets, therefore 

commercial value may increase (Pastoriza et 

al., 1996). Since MAP technology facilitates the 

marketing operations and decrease economic 

losses, it has been studied to maintain quality of 

ready-to-eat seafood, in recent years (Mejlholm 

et al., 2005). 

In this study the effect of modified 

atmosphere packaging on the quality attributes 

of ready-to-eat salmon sushi (sake) was 

determined.  Sake was chosen as the material; 

because salmon is a widely available species, 
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and sake sushi is very popular (Adams et al., 

1990). Maintaining safety and decreasing 

economic losses were aimed. 

 

Materials and methods 
Forty frozen individuals of whole salmon 

samples were obtained from Istanbul wholesale 

fish market Turkey. They were kept at -20°C 

for 7 days (FDA, 2001) to prevent possible risk 

of nematodes, and thawed at +3°C for 12h just 

before preparing sushi. The thawed salmons 

were filleted. pH of sushi rice was adjusted as 4 

using rice vinegar (Amoy, Ajnomoto Co, Inc. 

Tokyo, Japan), the rice (Calrose, Reis, Turkey) 

was spreaded on a dried seaweed sheet 

(Kaitatuya yaki nori), and salmon flesh was 

placed over. Dried seaweed (nori) was rolled up 

with the contents inside, and then cut into to 

2cm slices (14 g ±1.98, each). Sushi rolls were 

placed in plastic plates, and all samples divided 

into 3 groups. Control samples were packaged 

under atmospheric conditions, the second group 

was packaged with 50%CO2: 50% N2, called as 

MAP-a, and the last group, MAP-b, flushed 

with 100%CO2.  All groups were packaged with 

the same packaging material (Polinas Polibarr 

Y10C1B, 90 µ, oxygen transmission rate of 160 

cc/m2/day, Manisa, Turkey), using Henkovac 

model E-173 (Netherlands), and analyzed every 

day of storage at +4 ±1°C. 

The appearance, texture, odor and taste of 

the samples were evaluated by panelists. Panel 

room was provided with sufficient light, 

protected from noise and extraneous odors to 

prevent the influence of external factors. Five 

panelists (3 female, 2 male; average age was 

32), experienced with sensory tests of seafood 

but unfamiliar with this study, judged the 

samples. Sensory evaluation was carried out 

individually under controlled conditions of light 

and temperature according to Huss (1988). 

Panelists were asked to score odor, taste and 

texture of salmon sushi using a 0-10 

acceptability scale. Considering 10 as the 

highest sensory point, 5 point regarded as the 

limit of acceptance (Chytiri et al., 2004). 

Sushi samples (10 g) were diluted with distilled 

water (1:1), and pH probe was immersed into 

this solution. Six readings were made on each 

sample and the mean was recorded (Olafsdottir 

et al., 1997). Measurements were carried out 

with Hanna 211 model pH meter (HANNA 

Instruments, USA). The color of the salmon 

flesh was determined using a Konica Minolta 

chroma meter model CR 400/410 (Minolta 

Osaka Japan). Hunter L*(brightness), 

a*(+a=red, -a= green) and b*(+b= yellow, -b= 

blue) values were measured (Hunter and Harold 

1987). Color change (∆E) was calculated 

according to the following formula: 

 

 �� � √��� � ��� � �	�  

 

Fish samples of 25 g from each 

treatment group were placed in sterile 

stomacher bags (Seward, West Sussex, UK), 

225 ml of sterile peptone water (0.1%) was 

added and homogenized for 1 min. using a 

stomacher (Masticator, IUL Instruments; 

Barcelona, Spain). Appropriate serial dilutions 

were made in 0.1% peptone water. The total 

aerobic mesophilic and psychrophilic counts 

were determined on Plate Count Agar (PCA; 

Oxoid) after incubation at 37oC for 28-48 h 

and at 7oC for 10 days, respectively 

(Baumgart, 1986). The microbiological counts 
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were expressed as log cfu/g. Tryptose 

Sulphite Cycloserine Agar (TSC Agar, Merck, 

Darmstadt, Germany) supplemented with D-

cyclocerine (HiMedia, Mumbai, India) was 

used for enumeration of Clostridium 

perfringens and the plates were incubated at 

anaerobic conditions at 37oC for 24-48 h 

(Rhodehamel and Harmon, 2001a). Bacillus 

cereus was enumerated on Mannitol-egg yolk-

polymyxin Agar (MYP Agar, HiMedia, 

Mumbai, India) supplemented with egg yolk 

and Polymixin-B (HiMedia, Mumbai, India). 

Plates were incubated at 28oC for 48 h 

(Rhodehamel and Harmon, 2001b). 

Salmonella incidence was tested using the 

method described by Andrews and Hammack 

(2007)  

This study was duplicated, and statistical 

analyses were carried out according to Bower 

(2009). ANOVA-test was performed using 

SPSS 15.0 (SPSS, Chicago, Illinois, USA), 

standard errors were mentioned in the figures 

(n = 6). Differences between the treatments 

were evaluated (p<.05) and Duncan’s multiple 

range test was used. 

 

Results  
The sensory properties of sushi are very 

important for the consumer.  Sushi rice should 

be white; fish should look bright, glossy and 

transparent; fat of fish pieces, especially for 

salmon must be clearly visible (Anon, 2000). 

Sensory quality of salmon sushi samples were 

evaluated regarding these properties. At the 2nd 

day of storage sensory score of control, MAP-a 

and MAP-b samples were 4.96, 5.23 and 6.04 

(p<.05), respectively (Fig. 1). Likewise, 

control samples had the lowest sensory scores 

during the storage (p<.05).  

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Changes in overall sensory quality of control, MAP-a (50%N2/ 50% CO2), and MAP-b 

(100% CO2) (n=6) 
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    As it was presented in Figure 2, pH values 

of all groups remained between 5.2-5.7 during 

the study. Small fluctuations were seen in all 

groups during storage, but important increase 

or decrease was not detected. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Changes in pH of control, MAP-a (50%N2/ 50% CO2), and MAP-b (100% CO2) (n=6) 

 

As to color properties, L* values (brightness) 

of MAP-b samples were higher than other 

groups after the 4th day of cold storage (Fig. 3).   

 

 

Redness (a*) and yellowness (b*) values 

decreased in all groups during cold storage. 

Control samples had lower values of a* and b* 

than MAP groups after the 2nd day of storage. 
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Figure3: Changes in color (L*, a* and b*values) of control, MAP-a (50%N2/ 50% CO2), and 

MAP-b (100% CO2) (n=6) 
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All samples were found as free of 

B.cereus, C.perfringens, and Salmonella sp., in 

this study. 

 

Mesophilic aerobic bacteria count of 

control samples was higher (p<.05) than MAP 

groups during the storage (Fig. 4).   

  

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Mesophilic aerobic bacteria counts of control, MAP-a (50%N2/ 50% CO2), and MAP-b 

(100% CO2) (n=6) 

 

Similarly, psychrophilic aerobic bacteria 

count of control group increased to 5.04 log 

cfu/g at the 6th day of cold storage, and MAP 

groups contained significantly lower (p<.05) 

amount of psychrophilic aerobic bacteria than 

control samples during the storage period (Fig. 

5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Psychrophilic aerobic bacteria counts of control, MAP-a (50%N2/ 50% CO2), and 

MAP-b (100% CO2) (n=6)  
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Discussion 
In this study control samples taken the 

lower sensory scores than MAP groups during 

the storage (p<.05), and this result shows the 

positive effect of MAP on the sensory quality 

of sushi.  Likewise, Steffen et al. (2010) 

applied modified atmosphere packaging to 

UV-radiated sushi products and reported 

increased sensory quality. Similarly, 

Sivertsvik et al. (1999) reported the important 

effect of MAP on the sensory quality of 

salmon.  According to another study, sensory 

qualities of modified atmosphere packed 

whiting, mackerel and salmon were better 

than that of control samples (Fagan et al., 

2004). In another study, effect of MAP 

technology on stuffed mussels was studied. 

Packaging with modified atmosphere 

positively affected the odor, flavor, texture, 

and appearance of stuffed mussels and 

increased sensory quality (Ulusoy and Ozden, 

2011). Results of these studies are in 

agreement with our results, and show the 

positive effect of modified atmosphere 

packaging on the sensory quality of seafoods. 

pH value increases during the storage of 

muscle foods, and the fish is considered as 

spoiled when its pH value is above 7.0 

(Gulyavuz and Unlusayin, 1999). On the other 

hand, pH of fish products can be very different 

when combined with different ingredients 

(Metin et al., 2000; Mol, 2005). Therefore, this 

may not be used as a quality indicator, and 

should be used in conjunction with other 

parameters (Ludorff and Meyer, 1973). In this 

study, pH values of sushi samples were 

between 5.2-5.7.  Since the limit of acceptance 

is 7.0 for fish (Gülyavuz and Ünlüsayın, 1999), 

pH values of the samples did not show the 

spoilage (Fig. 2). Rice and vinegar were used to 

prepare sushi samples. These ingredients 

decreased pH values. Therefore, pH value of 

samples shown small fluctuations during 

storage and did not reached to the limit values. 

Similarly Ulusoy and Ozden (2011) studied the 

shelf-life modified atmosphere packaged 

stuffed mussel, prepared with rice and spices. 

They also reported that pH values never 

reached to the limits and showed fluctuations 

during cold storage.  Likewise, pH values of 22 

different sushi samples sold in Taiwan were 

reported between 4.51-6.11 (Fang et al., 2003). 

As to color, Veiseth-Kent et al. (2010) 

reported the L*, a*, and b* values of salmon as 

44.2-45.6, 13.2-15.1, and 16.7-20.0, 

respectively. At the first day of our study, color 

parameters of salmon sushi samples were 

similar to these ranges (Fig. 3). It is known that 

color parameters of seafood react differently 

according to the gas mixture and storage time 

(Choubert and Baccaunaud, 2006). In MAP-b 

samples, L* values were higher (p<.05) than 

other treatments during the study, showing 

bright color. Similarly, modified atmosphere 

packaging resulted in acceptable lightness for 

salmon fillets even after 14 days of storage at 

5°C, according to Amanatidou et al. (2000).  

Hunter a* and b* values of controls were lower 

than that of MAP groups in the present study 

(Fig. 3). Similarly, air-packed salmon fillets 

were less yellow than those in 100% CO2, in 

the study of Fagan et al. (2004). Hansen et al. 

(2009) also reported decreasing or stable 

values of a* and b* during the cold storage of 

modified atmosphere packaged fish. In the 
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present study; color change (∆E) was 

calculated as 15.75, 8.77, and 9.02 for control, 

MAP-a and MAP-b samples, respectively. 

Since ∆E ≈ 2.3 corresponds to a just noticeable 

difference (Sharma, 2003), it might be said that 

changes in the color was visible in all groups.  

However, color changes (∆E) in MAP groups 

were significantly lower than that of the 

controls (p<.05).  

Tan et al. (2008) reported that ready-to-

eat retail sushi can act as a possible vehicle for 

the dissemination of food-borne diseases. 

Therefore, the incidences of B.cereus, C. 

perfringens, and Salmonella sp. were 

inspected, but they were not detected in any of 

the sushi samples in this study. 

Microbiological assessment of sushi 

provides information regarding the product 

quality, and the most common method is the 

determination of the number of aerobic bacteria 

colonies (Anon, 2000; ICMSF, 1978). Since 

modified atmosphere packaging generally 

retard the growth of microorganisms (Brown et 

al., 1980; Pastoriza et al., 1996; Sivertsvik et 

al., 1999; Amanatidou et al., 2000; Fletcher et 

al., 2002; Fernández et al., 2010; ), ready to eat 

salmon sushi was packed with this technology 

in the present study. Mesophilic (Fig. 4) and 

psychrophilic (Fig. 5) aerobic bacteria counts of 

MAP groups were significantly lower (p<.05) 

than control samples during the storage period, 

and it shows the positive effect of MAP 

technology on the microbial quality of salmon 

sushi (sake) samples.  Chen et al. (2003) 

studied the effect of MAP on microbial growth 

of ready-to-eat sushi, stored at ambient 

temperature (25°C). They reported the greatest 

microbial growth in air packs, and found lower 

amount of air-borne microorganisms in MAP 

samples, similar to our results. Likewise, 

mesophilic and psychrophilic aerobic bacteria 

counts of air packaged salmon were always 

higher than modified atmosphere packaged 

samples at same temperature and storage time, 

according to Sivertsvik et al. (2003 ). In 

general, psychrotrophic aerobic bacteria counts 

of MAP seafoods generally reported as lower 

than air packed samples (Villemure et al., 1986; 

Križek et al., 2004; Erkan et al., 2006; Erkan et 

al., 2007 ).  

As it was presented in Figure 5, 

psychrotrophic bacteria counts of MAP sushi 

samples never reached to 3 log cfu/g. 

Similarly, high numbers of psychrotrophic 

bacteria have not been reported for MAP 

salmon (Sivertsvik ve diğ, 2003). On the other 

hand, psychrophilic aerobic bacteria counts of 

MAP-a and MAP-b samples were not 

significantly different (p>.05) during the cold 

storage, in our study. Similar result was 

obtained for mesophilic aerobic bacteria. 

Likewise, Fagan et al. (2004) reported no 

important difference between total viable 

counts of 100% CO2 and the 60% N2 / 40% 

CO2 packs of salmon. 

During this study sushi samples, 

packaged with air (control), taken lower 

sensory scores than MAP-a and MAP-b groups 

(50%N2 /50%CO2, and 100% CO2, 

respectively). Panelists gave the highest 

sensory points to MAP-b samples (p<.05). This 

result shows the positive effect of MAP on the 

sensory quality of sushi. The total color change 

(∆E) was lower (p<.05) in MAP samples 

comparing to controls, due to the effect of gas 

mixtures. Likewise, mesophilic and 
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psychrophilic aerobic bacteria counts of gas 

treated samples were significantly lower 

(p<.05) than air packaged ones during the 

storage period.  

These findings show the positive effect of 

MAP technology on the quality attributes of 

salmon sushi (sake). It was concluded that, it is 

possible to offer ready to eat sushi for sale at 

supermarkets for longer times, when packed 

with modified atmosphere technology. This 

result may provide a better opportunity for the 

marketing of this product. Therefore, demand 

to ready-to-eat sushi will improve and the 

consumer can find this tasty food with safer and 

high quality. 
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