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Figure 5. Effect of cooling methods in process on fillet freshness period and shelf life 
(average product temperature ± SD). Abused 2008, implied storage of EPS boxes at 10 °C 
for 7.5 h (day 0 post-packaging) and 10 °C for 16 h (day 2); Abused 2009, implied storage 
of EPS boxes at 4-5 °C for 12 h (day 1 post-packaging) and 10 °C for 6 h (day 2); LC, 
liquid cooling of fillets for few minutes; CBC, superchilling treatment; GP, gel pack put on 
top of fillets in EPS boxes; IP, ice pack put on top of fillets in EPS boxes; DI, dry ice put on 
top of fillets in EPS boxes. 
 

 

 Usefulness of liquid cooling of fillets in process using slurry ice was demonstrated 

in the 2008-trial discussed above. However, in two successive experiments (Feb. and March 

09), the microbial load of the cooling media (brine) used contained high levels of SSO (Pp, 

pseudomonads and H2S-producing bacteria) which led to a contamination of the loins/fillets 

and rapid growth of SSO during storage of the products, especially those temperature 

abused. This resulted in decreased shelf life for treated loins (20% less for LC loins and 

10% for CBC loins) compared to untreated ones (10 days) under abused condition, despite a 

lower initial temperature of treated loins (Fig. 5, Feb-09). The freshness period was also 

shorter for abused treated loins. Non-abused CBC loins had the longest freshness period and 

shelf life (12 days) (Martinsdottir et al., 2010). Similarly, a reduction in shelf life was seen 

for LC fillets in March 09, both abused and not, compared to abused untreated fillets with a 

shelf life of 9.5 days. Use of dry ice (DI) contributed to a slower deterioration process in LC 

fillets, gaining two days in shelf life compared to LC fillets packaged with an ice pack (IP) 
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(Fig. 5, Mar-09) (Magnússon et al., 2009b). This was due to slower SSO growth than seen 

in other LC fillets, especially for Pp which is sensitive to subzero condition (data not 

shown). The red arrows on Fig. 5 indicate the longer shelf life obtained for untreated 

products following temperature abuse compared to treated ones of each respective trial. 
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Figure 6. Effect of brine microbial load on fillet contamination (Feb. 2009). TVC, total 
viable psychrotrophic counts at 17 °C; H2S-producers, pseudomonads and Photobacterium 
phosphoreum (Pp) are SSO of fresh cod products. Error bars show SD (n=3). 
 
 
 Figure 6 shows how contaminated brine affected the fillets cooled in the medium in 

February 2009 (Martinsdottir et al., 2010). Brine temperature in the liquid cooler was 

controlled (0 °C) and little SSO increase occurred, mainly Pp growth noticed at the end of 

processing. Older raw material (5-d old) was processed prior to the 2-d old cod, inevitably 

contaminating the processing line and brine due to generally higher bacterial contamination 

found on the skin of older fish. Renewal of the brine occurred daily, but since skin-on fillets 

were introduced to the brine, the established microbial load (2.9 x 104/g brine) could not be 

lowered. For instance, doubling the liquid cooler volume with as much fresh brine would 

only bring about a 50% decrease in bacterial load (1.45 x 104/g brine). The cross-

contamination that occurred on newly prepared fillets upon liquid cooling is clearly seen in 

Fig. 6. Filleting of 2-d old fish resulted in products (Control-GP) with low microbial load 

(log 3.6/g or 103.6/g) while liquid cooling (LC-GP and CBC-GP loins on d0) led to a tenfold 

increase. The most significant increase was observed for Pp, almost 100-fold in LC and 
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CBC loins. It is noteworthy that LC products sampled on day 0 had been twice longer in the 

liquid cooler than the ones used for the rest of the experiment and therefore contained 

significantly higher microbial load. Also CBC loins analysed one day post-packaging had 

tenfold lower Pp counts compared to those sampled on day 0 (CBC-GP). This can be 

explained by Pp sensitivity to superchilled conditions, as mentioned earlier, like those 

encountered following CBC cooling. 

 Figure 7 provides similar findings on the contamination of fillets following liquid 

cooling (Magnússon et al., 2009b). To be emphasised here is the effect of poor temperature 

control in the liquid cooler on the brine microbial load over time. When poor temperature 

control occurred in the liquid cooler (T1: brine around 4-5 °C over a 3-h period), the levels 

of the main SSO (Pp) increased almost tenfold during that short period. However, under 

better controlled conditions (T2: brine at 1 °C) no SSO growth was observed. Nevertheless, 

high microbial load was seen in both experiments in the brine, only few hours from process 

initiation. The effect of the raw material age on the resulting microbiological quality of 

untreated fillets (control) is clearly illustrated in Fig. 7. T1 fillets were processed from 4-5 

days old cod while T2 fillets from 3-4 days old fish. TVC and pseudomonad counts were 

tenfold higher in T1 fillets, while Pp counts were 100-fold higher than in T2 fillets. This 

considerable microbial load increase in processing older raw material is critical to the final 

quality of the processed product and will inevitably influence its freshness period and 

resulting shelf life, making them vulnerable to temperature abuse post-packaging. Further, it 

should be pointed out that greater differences in microbial load were observed in LC fillets 

prepared from fresher than older raw material when compared to untreated fillets. Cross-

contamination of high quality fillets via liquid cooling is disadvantageous. 

 Another trial was performed in February 2010 to evaluate two cooling media, liquid 

cooling brine (1.5-2.2% NaCl) vs slurry ice (0.7% NaCl), during precooling at a cod 

processing line (Margeirsson et al., 2010). Again, recycled brine was found to contain a 

high microbial load (almost 105 CFU/ml) which led to higher initial microbial counts (104 

CFU/g) of fillets treated in it compared to almost tenfold lower counts on fillets treated in 

slurry ice. Storage of the fillets showed a similar freshness loss rate while negative sensory 

attributes, bacterial growth and amine products (TVB-N and TMA) were detected earlier in 

liquid brine-cooled than slurry ice-cooled fillets. 
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 Therefore, in order to maintain low bacterial levels in the liquid cooler, it is 

necessary to ensure proper skin cleaning of whole fish to reduce initial load, followed by 

rinsing of the fillets prior to liquid cooling to minimise the bacterial load brought to the 

brine. It should also be kept in mind that it is crucial to first process younger raw material 

with proper cooling history prior to that of lower quality/older age on each processing day. 

This should be done to minimise cross-contamination. 
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Figure 7. Effect of brine microbial load on fillet contamination (March 2009). TVC, total 
viable psychrotrophic counts at 17 °C; H2S-producers, pseudomonads and P. phosphoreum 
(Pp) are SSO of fresh cod products. Error bars show SD (n=3). 
 
 

 Quality deterioration of superchilled redfish fillets (about 4% fat), accomplished by 

brine cooling, slurry ice cooling and/or storage at -1 °C in EPS boxes for 6 days followed by 

chilled storage (2 °C), was more pronounced in products with higher mean temperature.  

Lowering the oxygen tension by vacuum packaging of redfish fillets prior to slurry ice 

cooling effectively reduced lipid oxidation and delayed growth of spoilage bacteria 

compared to air-stored fillets, being either brine-cooled or untreated prior to packaging in 

EPS boxes (H.L. Lauzon and M.G. Karlsdóttir, unpublished data). 
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3.2.3  Brining of fillets and different processing/storage methods 

 An experiment was conducted to evaluate the effect of brining, modified atmosphere 

packaging (MAP) and superchilling on the quality changes and shelf life of cod loins as 

measured by microbial, sensory and chemical analysis (Magnusson et al., 2007; Lauzon et 

al., 2009). Brining of processed fillets was not shown to increase product shelf life 

compared to unbrined fillets processed two days later (Fig. 8). Temperature of treatment, 

microbiological quality of brine and age of raw material are expected to be influencing 

factors. Unbrined and brined (2.5 ± 1.0 % NaCl) cod loins were kept in styrofoam boxes 

(air) and under modified atmosphere (MA, CO2/O2/N2:50/5/45) at 0 and -2 °C, sampled 

over a 4-week period.  
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Figure 8. Effect of brining, modified atmosphere packaging (MAP) and superchilling on 
product freshness period and shelf life (average product temperature ± SD). LC, liquid 
cooled for few minutes before packaging. 
 
  

 According to sensory analysis, the shelf life of unbrined air-packed loins was about 

11 days at 0 °C and 14-15 days at -2 °C. The shelf life of MA-packed unbrined loins was 

about 14-15 days at 0 °C but 21 days at -2 °C. Thus, synergism of combined superchilling (-

2 °C) and MA led to a considerable shelf life increase for unbrined loins despite the fact that 
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processing and packaging took place 5 days post-catch. The shelf life of air-packed brined 

loins at -2 °C was 12-15 days (estimated to 14 d) but only 13 days under MA. Further, 

brining led to a much shorter shelf life for MA-packed loins (-2 °C) compared to unbrined 

loins under the same conditions (21 days), likely due to the initial sensory quality 

differences of these loin products at packaging. Therefore, the same synergistic effect did 

not apply to brined loins as with unbrined ones. Modified atmosphere (MA) packaging of 

fillets processed from 5-day old cod was only found to extend the freshness period in chilled 

products, but did contribute to the shelf life extension of lower quality products under 

chilled and superchilled conditions. Superchilling (-1.5 to -2 °C) alone maximised the 

freshness period, reaching 10 days in all products. 

 

3.2.4  Effect of product temperature on quality deterioration and shelf life 

 Improper chilling or temperature abuse will shorten the freshness period of a 

product, while superchilling will extend it. For instance, the freshness period of 2 °C-fillets 

has been found to be 6 days (processed from 3-day old cod) while that of CBC fillets (-0.9 

°C) was 7.5 days, but both resulting in a similar shelf life (SL=9-9.5 days) (Fig. 9). On the 

other hand, CBC fillets prepared from 3-day old cod and maintained at -1.3 °C had an 

increased freshness period (10 days) and SL (16 days). In fresher raw material (1-day old 

cod), processed fillets maintained at 0.4 °C had a freshness period of 8 days and a SL of 

12.5 days, while CBC fillets maintained at -0.3 °C had a similar freshness period and a SL 

of 13 days. Lowering the average fillet temperature to -0.8 °C or -1.3 °C increased freshness 

period by 1.5 day (9.5 days) but SL by only one day (14 days). Temperature abuse of 

chilled, fresh fillets (1.9 ± 2.3 °C in 3 kg EPS, processed from 1-day old cod) 3 days post-

packaging (16 h at room temperature, RT) reduced the freshness period by 2.5 days and the 

SL by 3 days Temperature abuse of products at early storage time, processed from older raw 

material (3-day old), may have less influence on the freshness period due to its shorter 

length compared to fresher raw material but will certainly influence the resulting SL. In a 

trial of CBC fillets comparing their storage at superchilled and chilled conditions, 

temperature abuse two days post-packaging led to a decrease in the freshness period from 

10 days (EPS boxes) to 8 days (superchilled storage at -1.2 ± 1.4 °C in Polimon trays, 
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HDPE with PET/LDPE film) and 7 days (chilled storage at 1.3 ± 1.1 °C in Polimon trays). 

Their shelf life was reduced by 2 and 8 days, respectively (Martinsdottir et al., 2004 and 

2005). 
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Figure 9. Effect of temperature on product freshness period and shelf life (average product 
temperature ± SD). CBC, superchilling treatment; * Fresh raw material processed after older 
fish; ** Products stored at -1.5 °C for 7 days after which EPS boxes were transferred to 0.5 
°C storage room; RT, room temperature (18-20 °C). 
 
  

 Overall, superchilled storage is advantageous to extend the freshness period, while 

comparison of abused products, either CBC processed, liquid cooled (LC) or uncooled in 

process (Fig. 3), showed the greater benefit of CBC cooling. The freshness period was 
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extended by 100% for abused CBC fillets but 67% for abused LC fillets compared to 

untreated fillets. Temperature abuse can be extremely detrimental in “unprotected” or 

uncooled fish products or in those cooled but produced with poor hygienic conditions and 

leading to high microbial contamination. 

 Bacterial spoilage of lean fish is the main cause of quality deterioration. SSO 

tolerate well chilling conditions and cause off-odours and off-flavours, and some are 

capable of producing TMA, the fishy smell. SSO are differently influenced by temperature 

as shown in Fig. 10. Pp is the most temperature-influenced SSO in cod products. This was 

found by gathering SSO growth data under isothermal conditions for cod fillets. Maximum 

specific growth rates (µmax) for all SSO were plotted against temperature (T) using the 

square root model. Therefore, Pp can be expected to be found at high levels in temperature 

abused cod products. Pp produces TMA, which has been observed to reach higher levels at 

higher temperature in a fish model system (Ólafsdóttir et al., 2003). 
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Figure 10. Effect of temperature on maximum specific growth rate of SSO in cod fillets. 
Pp, Photobacterium phosphoreum; TVC, total psychrotrophic viable counts; H2S-producing 
bacteria; Ps, pseudomonads; µmax, maximum specific growth rate (h-1) determined by DMFit 
(Baranyi and Roberts, 1994). 
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3.2.5  Effect of MAP on quality deterioration and shelf life of fillets 

 The use of modified atmosphere packaging (MAP) usually leads to an increase in 

sensory shelf life when compared with traditional ice storage in air, but the magnitude of the 

increase depends on various factors such as the composition of the gas mixture, storage 

temperature, raw material quality and pack size. The results presented are based on several 

studies conducted between 1980 and 2007 (see Tables 4-7 in the Appendix). Generally, 

fillets stored under higher concentration of CO2 have a prolonged shelf life. These findings 

agree with other MAP storage trials found in the literature (Molin et al., 1983; Dalgaard et 

al., 1993). Also, the use of O2 with CO2 is preferable to N2 as a filling gas when packaging 

lean fish, since it usually provides a slightly longer shelf life. Despite the advantage of using 

100% CO2 to prolong shelf life by slowing down the bacterial activity occurring in the fish 

products, it has been observed to result in greater weight losses due to increased drip (data 

not shown). During the trials of gadoid fillets, it was found that 100% CO2 caused a weight 

loss of 9-15%, whereas 75% CO2 resulted in 3-5% weight reduction in retail packs and 2-

4% in bulk packs. Using 90% CO2 resulted in about 2-4% weight reduction in bulk packs. 

On the other hand, there were no apparent weight losses when 50% CO2 was used. High 

CO2 concentrations at low temperature (0 °C) imply a greater pH reduction in fish as CO2 

dissolves readily under such conditions (Umbreit et al., 1972), affecting the water holding 

capacity of the muscle and leading to water leaking out of the muscle. Moreover, toughness 

of the muscle generally increases with increasing CO2. Therefore, the proper CO2 

concentration must be determined for each fish species to reduce drip and textural defect as 

much as possible without significantly reducing shelf life extension. 

 Figures 11 and 12 present the effect of gas composition on the freshness period and 

shelf life extension of haddock, cod and redfish fillets, respectively, stored at 0 °C. The gas 

mixture tested with least 50% CO2 and including 50% O2 was still efficient at extending the 

freshness period of fillets prepared from 2- or 3-day old haddock, .i.e. by 5-10 days. Use of 

nitrogen to replace oxygen or vacuum packaging did not lead to as much freshness 

extension. Processing of MAP fillets under high hygienic standard (extra care) prolonged 

the freshness period considerably in combination with 75% CO2 and 25% O2. It was also 

interesting to see that storing a bulk quantity of fillets under MA was feasible and led to 

much freshness maintenance (Fig. 11). Earlier work by Stansby and Griffiths (1935) 
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showed that shelf life of haddock fillets stored in bulk at 0 °C was increased in an 

atmosphere rich in CO2 in comparison with fillets stored in air. For redfish, a medium fat 

fish, use of oxygen as a filling gas is not recommended as it caused much freshness 

reduction (Fig. 12). For MAP cod fillets, the gas mixture CO2/N2/O2: 60/30/10 extended the 

freshness period by 5 days and shelf life by a week. Though, it was not found to be optimal 

as some textural defects were reported due to the CO2 level used (Martinsdóttir et al., 2003). 
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Figure 11. Effect of atmosphere composition on the freshness period and shelf life of 
haddock fillets stored at 0 °C 
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Figure 12. Effect of atmosphere composition on the freshness period and shelf life of fish 
fillets stored at 0 °C. * Storage of whole, ungutted redfish (2 days old) in bulk under air or 
MA (CO2/N2: 60/40) for 10 days in May 2000 prior to filleting and further packaging; ** 
Storage of whole, gutted cod (2 days old) in bulk under air or MA (CO2/O2/N2: 50/30/20) 
for 10 days in November 1999 prior to filleting and further packaging. 
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 Vacuum packaging of marine fish products has not been found to be a better 

alternative to MAP. Previous work at our lab has shown that at 0 °C, vacuum packing of 

haddock fillets (Stefánsson & Valdimarsson, 1982) and vacuum packing with or without N2 

flushing of cod fillets (Magnússon, 1980) do not markedly increase shelf life in comparison 

with air storage. It has been reported that vacuum packaging can extend the shelf life of 

some fish species such as rainbow trout (Hansen, 1972) and plaice (Huss, 1972) whereas 

little or no beneficial effect has been found for others, such as haddock (Huss, 1972) and 

hake (Lamprecht et al., 1984). These apparent conflicting results have been attributed to the 

presence of TMAO acting as an alternative electron acceptor for bacterial metabolism 

(Jensen et al., 1980). Rainbow trout and plaice contain low amounts of TMAO whereas 

haddock, cod and hake contain high amounts (Hebard et al., 1982). Some spoilage bacteria 

use TMAO, leading to an increased TMA production. The bacterial reduction of TMAO to 

TMA proceeds at a faster rate at conditions of low oxygen tension (Huss, 1972). 

  A bulk experiment was conducted in May 2000 to assess the effect of MA (CO2/N2: 

60/40) on whole, ungutted redfish followed by filleting and further packaging in air or MA. 

Redfish was 12 days old when filleted and it was found that the freshness period lasted for 

1-2 days for air-stored fillets, but 2-3 days for MAP-fillets. Shelf life was extended by 5 

days for MAP-fillets processed from air-stored redfish, but by 10 days when processed from 

MA-stored redfish. However, textural defects were noticed in MAP-fillets (Lauzon et al., 

2001; Lauzon et al., 2002). A similar bulk trial was performed with cod in November 1999, 

using CO2/O2/N2: 50/30/20 and followed by filleting and further packaging (Lauzon et al., 

2001). As shown in Fig. 12, the freshness period of air-stored cod was over upon filleting 

12 days post-catch while MA-stored fish further processed and packed had a 2- or 5-day 

freshness period in fillets either air-stored or MAP, respectively. Shelf life was extended by 

two days for MAP-fillets processed from air-stored cod, but by 6 days when processed from 

MA-stored cod. Again, textural defects and loss in tenderness were still noticed in MAP-

fillets. Interestingly, some of the tenderness was apparently recovered for air-stored fillets 

processed from MA-stored fish, indicating the reversibility of the textural changes after a 

10-day MA storage period for whole fish. 

 Temperature considerably influences the efficacy of MAP as a means to extend 

sensory shelf life of fish fillets. Under temperature abuse (>2-3 °C), the value of MA-
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packaging is generally lost since CO2 dissolution into the water phase of fish muscle is 

considerably decreased leading to decreased microbial inhibitory action. Distribution and 

storage of MAP-fish should therefore only be attempted through a secure cold chain. 

Otherwise, the value of the process will be lost and even unsafe products may result in 

packs with low oxygen tension (Clostridium botulinum growth risk >3 °C). Some trials 

clearly show the rapid loss in freshness of MAP products as temperature increases (Fig. 13). 

Generally, a 4-5 °C increase in product temperature leads to about 50% decrease in 

freshness period and shelf life. At 7 °C, added 

value provided by MA-packaging was totally 

lost. Bulk storage (3 kg) of CBC cod fillets 

was evaluated under air and MA in Polimon 

trays (HDPE, see on the right) sealed with a 

PET/LDPE film using a 900 VG XL semi 

automatic packaging machine (Polimoon, 

Kristiansand, Norway) supplied by courtesy of VGÍ hf in 2004 (Martinsdottir et al., 2005). 

 Superchilling has been shown to extend the freshness period of fish products, while 

MAP often leads to the extension of the “neutral flavour” period. Some trials have shown 

that MAP products processed from 1- to 5-day old raw material can extend the freshness 

period of MAP chilled products by 4-5 days (1 or 2-day old raw material) down to two days 

(5-day old). The shelf life extension can reach up to 7 days for fresh raw material, but only 4 

days for 5-day old raw material. Superchilling combined with MAP led to slightly more 

extension of the freshness than shelf life period in products processed from fresh raw 

material: a freshness extension of 4-13 days was observed compared to a SL extension of 3-

10 days for 1-day old raw material (Fig. 13); 5 vs 3 days for 3-day old fish (Fig. 13); 1 vs 6 

days for 5-day old fish (Fig. 8). Therefore, further freshness extension using MAP under 

superchilled conditions can only be achieved using fresh raw material. MA-packaging of 

CBC-processed fillets is convenient, as the product temperature is optimal for rapid CO2 

dissolution and gas equilibrium in packs. 
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Figure 13. Effect of temperature on the freshness period and shelf life of MAP fish fillets 
compared to air-stored products. Gas mixtures are composed of CO2/N2/O2. CBC, 
superchilling treatment. 
 

 Based on these findings, the raw material age is another important criterion for 

added value of MAP-fish, especially if the freshness period is to be maintained longer. The 

length of the freshness period and shelf life depended on the time from catch as shown in 

Fig. 14. Generally, the freshness period of MAP fillets processed from 1-3 days old raw 
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material ranged between 10-15 days while a restricted freshness period was observed in fish 

processed 5-7 days post-catch. After 8 days storage of whole, gutted cod, freshness 

attributes were lost when evaluated in filleted products. Our results therefore indicate that 

proper handling and processing of fresh raw material (3-day old or less) into MAP products 

could be advantageous to Icelandic fish exporters.  
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Figure 14. Effect of raw material age on the freshness period and shelf life of MAP fish 
fillets. Gas mixtures are composed of CO2/N2/O2. Approximate product temperature (°C) 
and trial year given. 
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 Based on the fact that MAP products require a steady distribution cold chain and that 

superchilling can provide additional freshness extension, it can be foreseen that 

containerised sea transport under superchilled conditions may be a good alternative to air 

freight. Following a 5-day shipping and distribution time period to the nearest markets, the 

freshness period left should be appropriate to allow for a 5- to 7-day life time for high 

quality products at market place, which is convenient for retail fish products.  

 However, non-bacterial deteriorative changes may occur at this subzero temperature 

under fluctuating storage conditions. Preliminary results of a recent study dealing with MA-

packaging of superchilled (CBC) cod loins in bulk (2.75 kg) and sea freight transport 

simulations indicate that lipid hydrolysis, as evaluated by levels of free fatty acids (FFAs), 

occurs at a faster rate under air than MA storage, as well as being positively related to 

temperature (data not shown). FFAs are important not only because of their susceptibility to 

oxidation but also because, by themselves, they cause taste deterioration (Refsgaard et al., 

2000). Accumulation of FFAs has been related to some extent to lack of acceptability, 

because FFAs are known to have detrimental effects on ATPase activity, protein solubility 

and relative viscosity (Careche and Tejada, 1994), to cause texture deterioration by 

interacting with proteins (Mackie, 1993) and to be interrelated with lipid oxidation 

development (Han and Liston, 1987). Because of their relatively small size and greater 

accessibility (lower steric hindrance) to oxygen and pro-oxidant molecules, FFAs undergo a 

faster oxidation rate than higher-molecular weight lipid classes (triglycerides and 

phospholipids) (Labuza and Dugan, 1971; Miyashita and Takagi, 1986).  

 Development of primary and secondary lipid oxidation compounds was also studied 

in the light and dark cod muscle as well. As expected, TBARS values were considerably 

higher for the dark muscle compared with the light muscle (data not shown). This difference 

is related to the fatty acid composition of these two muscle types, but studies have indicated 

that the polyunsaturated fatty acids in the dark muscle are more easily destroyed. Thus, it 

can be expected that the fatty acid oxidation occur mainly in the dark muscle. Further, there 

was a trend for higher TBARS levels attained in MAP than air-stored fish, reaching a 

maximum level after 6 days of MAP superchilled storage, with meaningful levels (35-40 

µmol MDA/kg fish) detected in the dark muscle. The results show that the packaging 

method influences the formation of secondary lipid oxidation compounds. Overall, a 
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different oxidation pattern develops in fish products stored in air than under MA (M.G. 

Karlsdóttir, unpublished data). 

 Retail and small bulk-packs (5 kg) of fish fillets extended sensory shelf life 

satisfactorily, but larger bulk-packs (20 kg) were less successful. The shelf life increase of 

small MA bulk packs of cod fillets ranged from 43-65% in comparison with air-stored fillets 

and from no increase up to 36% for large packs (20 kg). Figure 15 summarises these 

results. MA bulk-packaging was done by inserting icemats between layers of fillets to 

ensure proper cooling. This probably contributed to a better dispersion of CO2 to all fish. 

Two icemats were used for 5-kg bulk and 5 icemats for 20-kg units. Despite this measure, 

larger bulk units did not keep as long as the smaller ones, possibly due to a proportionally 

lower number of icemats, which should have been 8 instead of 5 for 20-kg units, resulting in 

a less direct contact of CO2 with the fillets. In order to obtain the best results with modified 

atmosphere all fish surfaces should be exposed to CO2. However, this may be commercially 

difficult when using bulk packaging of fillets. 
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Figure 15. Effect of pack size on the freshness period and shelf life of MAP fish fillets 
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 Figure 16 compares the different levels of TMA found in haddock fillets at sensory 

rejection. TMA content of air-stored fillets at 0 °C was within the expected range, 10-15 mg 

N/100 g, at sensory rejection. However, at higher storage temperature (4 °C) considerably 

more TMA was produced. This agrees with other research work on air-packaged and MAP 

cod fillets stored from 0 to 10 °C (Einarsson & Lauzon, 1996; Davis, 1990). Based on what 

was previously mentioned, production of TMA in MAP fish should be expected to be lower 

when high levels of O2 are included in the gas mixture, but higher under low oxygen 

tension. This trend is clearly seen from Fig. 16. Higher TMA contents were observed in 

fillets with decreasing levels of O2, and with higher storage temperatures. It follows that 

replacing O2 by N2 led to a higher TMA content. However, 100% CO2 did not favour TMA 

production, probably due to its high inhibitory effect towards the spoilage microflora. 
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Figure 16. Effect of modified atmosphere and temperature on TMA content in haddock 
fillets at sensory rejection 
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Figure 17. Effect of modified atmosphere, pack size and temperature on TMA content in 
cod fillets at sensory rejection 
 

 Similarly, Figure 17 demonstrates the effect of gas composition, pack size and 

storage temperature on TMA production of cod fillets. The effect of higher storage 

temperature was not as evident as for haddock. On the other hand, TMA production was 

less in MAP retail-packs than in traditional air-stored fillets as previously seen with 

haddock fillets, whereas MAP fillets stored in bulk generally had a greater TMA content. 

Interestingly, a lower TMA content was observed in smaller bulk units flushed with 100% 

CO2, as opposed to higher levels in larger bulk units. This difference could be due to the 

decreased accessibility of CO2 to the fillets in larger bulk units, leading to lower levels of 

dissolved CO2 in the muscle and lower oxygen tension, hence favouring the development of 

potential spoilage bacteria and the production of TMA. In general the variation in TMA 
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content observed in the trials, ranging from 3 to 46 mg TMA /100 g, at sensory rejection, 

suggests that TMA is not a good indicator of spoilage in MAP fish fillets nor useful to 

evaluate shelf life of MAP fish fillets. 
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Figure 18. Effect of freezer storage on the keeping quality and storage life of thawed sea-
frozen cod fillets stored in air and under MAP 
 
 Finally, the effects of freezer storage on the keeping quality and storage life of 

thawed sea-frozen cod fillets stored in air and under MA were evaluated (Martinsdóttir et 

al., 2003). This was based on findings reported by Danish scientists that P. phosphoreum, 

considered as an important spoilage organism in MA-packaged fish (Dalgaard et al., 1997), 

is sensitive towards freezing and freezer storage (Boknæs et al., 2001, 2002). Storage 

studies on thawed sea-frozen fillets packed under MA (CO2/O2/N2:60/10/30) were 

conducted at 0-1 °C and compared to air storage. Sea-frozen fillets had been kept for 6 

weeks, 8 months and 15 months in freezer storage (–24 °C), then retail-packed, thawed and 

kept for up to 25 days (0.5-1 °C). Sensory, microbiological and chemical analyses were 

performed. MA packaging of sea-frozen fillets prolonged shelf life of the thawed fillets 

compared to air-packed fillets for up to 7 days (Fig. 18). With longer freezer storage, the 

development of P. phosphoreum was delayed during chilled storage upon thawing and the 

formation of TMA was slower. 
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3.2.6  Influence of packaging  type on quality deterioration and  resulting 

shelf life following temperature abuses 

 The use of insulated box for fresh fish export has been a common practice. 

Expanded polystyrene (EPS) boxes, in 3-and 5-kg sizes are mostly used. However, 

environmental concerns have led to the evaluation of alternative packaging solutions. 

Corrugated plastic (CP) boxes have a much lower insulation capacity than EPS boxes but 

they can be useful in supply chains where temperature abuses are minimised. A trial was 

conducted to compare the effect of temperature abuse early (day 0) or late (day 4) post-

packaging (3 kg) to simulate conditions at the start and end of shipment to the retailer, 

respectively (Margeirsson & Lauzon, unpublished data). The same temperature load was 

applied for 6 h, removing the boxes from the cooler and dispersing them on a pallet at room 

temperature (18-20 °C).  
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Figure 19. Effect of packaging type on freshness period and resulting shelf life of cod fillets 
stored in bulk (3 kg) following temperature abuse (average product temperature ± SD). EPS, 
expanded polystyrene box; CP, corrugated plastic boxes. Temperature abuse at day 0 or 4 
post-packaging for 6 h at room temperature (18-20 °C). 
 
 

 Figure 19 shows that for EPS storage, the freshness period of fillets abused on day 0 

was reduced by one day, resulting in a corresponding shorter shelf life compared to non-
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abused fillets. The shelf life of non-abused fillets, either EPS or CP packed, was found to be 

11 days. CP-fillets abused on d4 had a similar deterioration pattern as that observed for their 

EPS counterpart. Therefore, based on the temperature profile evaluated, CP boxes 

performed similarly to EPS boxes. This is explained by the similar average product 

temperature measured. This implies that export of fish under rather steady conditions, like 

those encountered in overseas shipping of containers under superchilled temperature, could 

be done in CP boxes, especially if CBC fillets are involved. 

 

3.3  The effect of salt content, superchilling and MAP on water 

properties and distribution of fresh fish 

Most studies on superchilling have been focusing on increased shelf life and quality 

changes of food during storage (Lauzon and Martinsdóttir, 2005; Olafsdottir et al., 2006b; 

Sivertsvik et al., 2003; Wang et al., 2008; Lauzon et al., 2009). However, recently increased 

effort has been put into studies for monitoring and process control of physicochemical 

properties during handling of superchilled products (Stevik et al., 2010; Gudjónsdóttir et al., 

2010). Optimization of physicochemical properties during processing and relating these 

properties to quality features of the final product is important in the search for optimum 

superchilling of each product. 

Water is the most abundant component in fish muscle and can generally be divided 

into three populations according to its position in the muscle. Firstly, approximately 10% of 

the water in fish muscle is tightly bound to proteins. This group is very stable and does not 

exchange with the other water populations to any extent. Secondly, the majority of the water 

is so called entrapped water, i.e. the water found in the muscle cells, etc. And finally, a 

small population of free water can be found in the muscle. Continuous osmosis occurs 

between the entrapped and free water populations and the amount of water in each 

population is highly susceptible to different processing and storage treatments. The 

following passage will discuss the effect of salting, superchilling and modified atmosphere 

packaging on water distribution, water binding and drip of fish muscle. 
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Figure 20. Percentage of frozen water in cod mince as affected by salt concentrations in the 
muscle and evaluated by relative free induction decay (FIDR) measurements. Reference 
measurements from calorimetric analysis are also shown (Riedel, 1978). Figure from 
Gudjónsdóttir (2006). 
 
 

The temperature during storage and transportation has a large effect not only on the 

quality and storage life of food but also on the water properties and distribution throughout 

the muscle. The superchilling temperature range depends on the initial freezing point, where 

the first ice crystal formation occurs in the product. This initial freezing point depends on 

the substances and contents of the product, especially the muscle salt concentration (Chen, 

1985a,b). Gudjónsdóttir (2006) also showed how the freezing processes and amount of 

unfreezable water of cod mince were affected by increased salt concentrations as evaluated 

by Relative Free Induction Decay (FIDR) measurements using low field Nuclear Magnetic 

Resonance (NMR) (Fig. 20). The figure illustrates how the initial freezing point in fish 

muscle with a salt concentration of 2.2% occurred at -4 to -5 °C, while unsalted cod initiated 

ice crystal formation at -2 to -3 °C. Fish muscle with higher salt concentration can therefore 

be stored at a lower superchilling temperature than unsalted muscle without freezing. As 

mentioned earlier, temperature fluctuations during superchilled storage may be undesirable 
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as it may lead to deteriorative changes. As the water is frozen out as pure ice crystals, the 

higher concentration of compounds in the unfrozen portion will result in an increased rate of 

protein denaturation. Lowering the storage temperature of lightly salted products too much 

is therefore risky since the storage quality is dependent on the temperature stability. 

By adding up to 6% (w/w) sodium chloride salt to a muscle tissue, the chloride ions 

in the salt bind to the actin and myosin filaments, increasing the negative charges of the 

proteins and hence amplifying the electro-repulsive forces between filaments. This leads to 

muscle swelling and more water is retained in the muscle and the water holding capacity of 

the muscle is increased (Offer and Trinick, 1983; Offer and Knight, 1988; Erikson et al., 

2004; Gudjónsdóttir et al., 2010). Because of this, light salting can be a good method to 

decrease water drip during storage. It is therefore commonly used prior to freezing with the 

aim of working against the negative effects of freezing. The combination of salt content and 

superchilling in fish muscle is however also dependent on the salting method. Brine 

injection has shown to lead to more storage drip than brine immersed fish fillets when 

stored at superchilling temperatures (Guðjónsdóttir et al., 2010). This can be explained by 

the fact that during brine injection there is an increased risk of puncturing cells with the 

needles, as well as other destruction of the muscle due to too high injection pressure. This 

possible destruction of the muscle can lead to reduced water holding properties and thus 

increased drip. It is also possible that the water added by brine injection is more susceptible 

to drip than water already present in the muscle, leading to increased drip in the injected 

fillets. Measurements on the water distribution in cod loins using low field NMR relaxation 

time analysis support this statement, since a higher fraction of free water was observed in 

brine injected than brine immersed loins (Guðjónsdóttir et al., 2010). The amount of free 

water is generally described as water lost from the muscle by storage drip. More tightly 

bound water is only lost if the muscle undergoes further degradation or denaturation, which 

affects the water binding ability of the proteins in the muscle. Brine immersion can, on the 

other hand, lead to protein gelation if the salt content is too high, leading to a less attractive 

product. Therefore many factors must be kept in mind during the production of lightly 

salted products, with regard to salt concentration, salting method and storage temperature. 

Changing the packaging atmosphere does not only affect the bacterial growth but 

studies have shown that dissolution of carbon dioxide, CO2, in MA-packed fish can affect 
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both the texture and taste of the fish (Davis, 1993; Lauzon et al., 2009). In the above 

mentioned studies by Lauzon et al. (2009) and Gudjónsdóttir et al. (2010), MA-packed loins 

showed a higher drip at the end of shelf life than air-packed loins, with approximately 9% 

and 5-6% drip, respectively. However, the shelf life was extended significantly by using 

MAP instead of air packaging. The storage temperature is also of importance here, but 

partial freezing of samples leads to increased drip. Although up to 9% of the loin weight is 

lost during MAP storage, the relative water content and water holding capacity were fairly 

stable during storage. Loins stored at -3.6 °C showed a decrease in WHC during storage, 

due to partial freezing of these loins, while loins at higher superchilling temperatures (i.e. 

closer to 0 °C) had a stable WHC during storage. This indicates that temperatures below -

2°C should be avoided for fresh or lightly salted cod products, to prevent partial freezing 

and the muscle destruction accompanying it. 

 

3.4  Impact  of  transportation mode  of  fresh  fish  products  on  their 

resulting quality and expected shelf life 

 Because of the importance of storage and transport temperature, almost all countries 

in Europe, USA and many other countries have signed the ATP - Agreement on the 

international carriage of perishable foodstuffs and on the special equipment to be used for 

such carriage (ATP, 1970). Some studies have revealed that temperature control in fresh 

fish cold chains is quite often far from what is described in the ATP (Margeirsson et al., 

2008; Giannakourou et al., 2005), i.e. fish temperature should be as close to 0 °C as possible 

without freezing the products. Thereby such deviations will inevitably lead to decreasing 

product quality, shortening of shelf life and decreasing product value. According to Mai et 

al. (2010), the temperature control in fresh fish distribution chains is mainly a problem for 

air freight, but not sea freight. This is caused by more interfaces, where ambient conditions 

are not well controlled, as found in air logistic chains. Temperature control can in fact be 

improved in chilled distribution chains for other perishable products such as beef (Gill et al., 

1996), poultry (Raab et al., 2008) and vegetables (Rieders et al., 2009). 

The risk of a commonly experienced temperature abuse at various interfaces in the 

chill chain should be minimised. This can be done with technical solutions such as well 
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designed docking stations with door sealing cushions to minimise air flow and heat transfer 

to the packaged products. Satisfactory information flow, both upstream and downstream the 

chain, is also essential in order to minimise unnecessary delays at the interfaces. 

 An important issue regarding certain handover points in certain chill chains is that 

master packaging is commonly broken up, often in order to maximise volume utilization. 

This is the way large part of chilled fish products are handled before being loaded on board 

airplanes and the processor should prepare his product with adequate precooling before 

packaging and insulation of the packaging. 

 

3.4.1  Air freight transport and relevant temperature profile 

 An example of the temperature profile observed in an air logistic chain of 36.5 h is 

presented in Figure 21 (Margeirsson et al., 2008). It reveals some few hazardous parts of 

the chain considering the temperature abuse that the packaging experiences. The two most 

eye-catching steps are the flight followed by un-chilled storage at Humberside airport and 

the un-chilled storage at Keflavík airport. Un-chilled storage (reloading) in Reykjavík is 

also notable but since the duration of this step is only approximately 2 h, the temperature 

abuse is not significant. Relevant events in the chain are tabulated in Table 3. Inevitably, 

prolonged temperature abuse affects the product temperature as can be seen in Figure 22. 

 

 The consignor/shipper can follow the following recommendations in order to 

minimise the risk of undesirable thermal loads on the perishable freight: 

 Apply precooling before packaging as one step of the processing. Fish products 
packaged at -0.5 °C simply can withstand more temperature abuse than products at 4 
°C when packaged. 
 

 Use well insulated packaging solutions and pack as densely as possible, given the 
products requirements. 
 

 Check product temperature before shipping. 
 

 Ship products to the departing airport as late as possible, especially if refrigerated 
storage is unavailable there. Still, the products must be in time at the airport 
according to the freight forwarder‘s/transporter‘s specification. It follows that 
temperature-controlled transport to the airport should be used. 
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 Protect the products from challenging climatic conditions such as rain and direct 
sunlight. Thin polyethylene films protect against rain but not sunshine. 

 
 Select a direct flight to minimise the number of thermally hazardous interfaces in the 

chill chain. 
 

 Make sure that all necessary documentation is sent beforehand to the collector of the 
cargo at the destination airport. Furthermore, make sure that the freight is collected 
as soon as possible in a temperature-controlled vehicle and that no delays occur in 
the transport to the client/market. 

 
 When a new freight forwarder/airline is taking care of the air transport, the 

temperature control in the chill chain should be investigated in at least three separate 
shipments with the help of ca. 4 – 6 temperature loggers. The cost related to such 
tests is minimal compared to the value of the goods and this can give valuable 
information on room for improvements in the chill chain. 

 

 

Table 3. Relevant events in the supply chain from Icelandic fish processor to Carlisle 

No Date Time In link Event From To Responsible 
party after event

1 20.09 18:45  Handover Producer Transporter  Transporter  
2 21.09 3:05 Reykjavík Heating of 

surrounding  
Refrigerated 
truck 

Unloading area  Transporter  

3 21.09 6:25 Keflavík 
airport 

Handover + 
heating of 
surrounding  

Chilled 
truck 

Unloading area Transporter 

4 21.09 17:45 Keflavík 
airport 

Heating of 
surrounding 

Chilled 
storage at 
airport 

Loading area at 
airport, then airplane 
and unchilled 
storage at 
Humberside airport 

Transporter  

5 22.09 7:15 Carlisle Heating of 
surrounding 

Chilled 
truck 

Loading area at 
wholesaler in 
Carlisle 

Wholesaler  
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Figure 21. Ambient temperature during transport in September 2007 from processor in 
Iceland to wholesaler in Carlisle (UK). Numbers 1 to 13 refer to the different steps of the 
chill chain: 1, cold storage at processor after packaging; 2, chilled storage at processor; 3, 
transportation (ca. 400 km) from processing plant to Reykjavik in a refrigerated truck; 4, 
unloading and loading in a chilled truck in Reykjavik; 5, transportation (ca. 50 km) from 
Reykjavik to Keflavik airport in a chilled truck; 6, unchilled storage at Keflavik airport; 7, 
chilled storage at Keflavik airport; 8, flight (ca. 1800 km) to Humberside airport (UK) and 
unchilled storage at Humberside; 9, storage at Humberside and transportation (ca. 280 km) 
to Carlisle (UK); 10, unloading/unchilled storage at wholesaler in Carlisle; 11 and 12, 
storage in Carlisle; 13, distribution to retailers. 
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Figure 22. Temperature inside four EPS boxes on one pallet in chilled fish supply chain 
from Iceland to UK in September 2007. Numbers 1 to 13 refer to the different steps of the 
chill chain: 1, cold storage at processor after packaging; 2, chilled storage at processor; 3, 
transportation (ca. 400 km) from processing plant to Reykjavik in a refrigerated truck; 4, 
unloading and loading in a chilled truck in Reykjavik; 5, transportation (ca. 50 km) from 
Reykjavik to Keflavik airport in a chilled truck; 6, unchilled storage at Keflavik airport; 7, 
chilled storage at Keflavik airport; 8, flight (ca. 1800 km) to Humberside airport (UK) and 
unchilled storage at Humberside; 9, storage at Humberside and transportation (ca. 280 km) 
to Carlisle (UK); 10, unloading/unchilled storage at wholesaler in Carlisle; 11 and 12, 
storage in Carlisle; 13, distribution to retailers. 
 
 

3.4.2  Overseas shipping and relevant temperature profile 

 The big advantage that sea transport has compared to air transport is continuity in 

the transport, i.e. the chain has few and relatively secure handover points regarding 

temperature control. Containers (refrigerated and non-refrigerated) are multimodal 

equipment, which generally allow goods to be transferred between land and sea transport 
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without the need of breaking up the cargo. An example of air temperature profile in sea 

transport chain is presented in Figure 23. (Mai et al., 2010). 
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Figure 24. Ambient temperature during containerised sea transport from processor in 
Iceland to Grimsby (UK) in September 2008. Numbers 1 to 4 refer to the different steps of 
the chill chain: 1, cold storage at the producer; 2, loading into container and transport to 
Reykjavík; 3, partly chilled hold in Reykjavík; 4, transportation and handling in refrigerated 
container trucked from producer to Reykjavík, followed by shipment to Immingham (UK) 
and land transportation to final destination (Grimsby, UK ). 
 
Some general recommendations for sea transport include: 

 Check product temperature before loading the container. 
 

 Permit free flow of cooling air around the cargo by not overloading the container. 
 

 Air temperature should be kept between -1 and 0 °C for optimal storage of 
superchilled fish products. The superchilled storage conditions during sea transport 
are in general more important than during road transport since normally, sea 
transport lasts longer. 
 

 Ice on top of fresh fish fillets when transported in containers with proper temperature 
control may not be required. If used then make sure melted ice water does not stay in 
contact with the products or that cross contamination is not caused by melted ice 
from one fish box to another. 
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3.4.3  Comparison of transportation modes: Bremerhaven trial 

 A trial was carried out in February 2009 to study temperature changes during 

transport via air and sea freight and to evaluate their effect on the quality of the fish 

products following repackaging during chilled storage (Martinsdottir et al., 2010). For this 

purpose, CBC cooled cod loins packed in EPS boxes, with and without a gel pack, were 

transported via air and sea freight to Bremerhaven, Germany. After the transport, the 

samples were retail-packed in air and MA, stored at 1.1 ± 0.6 °C, and analysed with 

microbial and chemical methods. The temperature history of the groups was studied using 

temperature loggers. 
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Figure 25. Average temperature inside EPS boxes with or without gel pack. EPS boxes with 
a gel pack on top of the fillets (FS and FG, dashed lines) or none (GS and GG, full lines). 
Average temperature of four loggers is shown for each box. Total transportation time by air 
and sea freight was 42 and 140 h, respectively. 
 
 Figure 25 shows how temperature evolved throughout the two shipments. Overall 

temperature increase was greater in the superchilled fish transported by air than by sea 

freight. In fact, the product temperature started to fluctuate after about 42% of the total 

transportation time (42 h) and had reached above 0 °C after about 64% of the time. By ship, 

product temperature started to rise after about 66% of total transportation time (140 h) and 

reached 0 °C after 81% of the journey time. At the end point, the average product 
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temperature was 3 degrees lower when transported by sea than by air freight. Little 

difference was noticed between the mean product temperature with and without a gel pack 

during the whole transportation time for both air and sea freight. However, the gel packs 

seem to have contributed to better temperature control for both transport modes with regard 

to the mean product temperature at final destination (Bremerhaven): 0.5 °C and 0.7 °C with 

and without gel pack, respectively, for sea transport and 3.6 °C and 3.9 °C with and without 

gel pack, respectively for air-shipped fish. The effect of the gel packs can also be noted by 

comparing the lower product temperature in the upper part of the boxes to the higher 

product temperature in the bottom corners of boxes shipped by air. This temperature 

difference in boxes with a gel pack was 1.3 °C compared to 0.8 °C in boxes without a gel 

pack. 
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Figure 26. Effect of transportation modes and packaging methods on TVB-N formation in 
cod loins. TVB-N content prior to transportation was 12.5 ± 0.5 mg N/100 g. Total time 
from processing in Iceland including transport is designated by d13 and d16 (13 and 16 
days). Different letters indicate significant difference between groups after 10 (sea freight) 
and 11 (air freight) days from re-packaging (p<0.05). 
 

 Further, the main results show that the temperature fluctuations were larger and 

more frequent for product transported by air than by sea. Ambient air temperature 

fluctuations led to a higher temperature (3.3-3.6 °C) in air freight shipped cod loins upon 
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arrival in Bremerhaven. For some fillets, the temperature exceeded 4 °C. It follows that this 

difference in fish quality will result in products of different shelf life expectations upon re-

packaging into retail portions. Since sensory evaluation was not conducted in Bremerhaven, 

comparison of quality deterioration among differently treated products is based on chemical 

and microbial spoilage indices, TVB-N content and counts of Photobacterium 

phosphoreum, respectively. 
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Figure 27. Effect of transportation mode and packaging method on P. phosphoreum (Pp) 
growth in cod loins. Pp level prior to transportation was log 2.9 ± 0.2/g. Total time from 
processing in Iceland including transport is designated by d13 and d16 (13 and 16 days). No 
significant difference (p>0.05) in Pp counts between groups at re-packaging time (d0) or 
end of storage (d10 or 11). 
 

 Figures 25 and 26 present TVB-N and Pp levels measured on the re-packaging day 

and after 10 or 11 days storage for the different groups. At re-packaging, similar TVB-N 

levels (p=0.31) were observed in air and sea freight transported fish in spite of the 4-day 

difference in time from processing. Slightly higher Pp levels were found in sea freight fish 

compared to air-transported fish, but this difference was statistically insignificant (p=0.08). 

At the end of storage, similar Pp levels (log 6.4-6.9/g) were detected among the differently 

treated groups after 10 (sea freight) or 11 (air freight) days from re-packaging independently 

of the atmospheric condition used, i.e. 16 or 13 days respectively from processing. This 



 

54 
 

implies that an overall longer microbiological shelf life was obtained for sea-transported 

fish.  

 Based on the EC regulation No 2074 from 2005, a TVB-N content exceeding 35 mg 

N/100 g flesh of a gadoid species indicates that an unprocessed fishery product is unfit for 

human consumption, when supported by sensory evaluation. TVB-N content at the end of 

storage in all groups surpassed this value, but indicated though that significantly lower 

levels were found in MAP products (11 days after re-packaging) prepared from air-

transported fish compared to all products (10 days after re-packaging) derived from sea-

transported fish. The use of gel packs during sea freight shipping was advantageous to slow 

down TVB-N formation after re-packaging. To the contrary, the use of gel packs during air 

freight transportation did not significantly influence the development of chemical and 

microbial indices in air- or MA-packed products. This is probably explained by the high 

thermal load applied to the air freight fish during transportation as indicated by the short 

time elapsed from processing until the fish temperature had reached 0 °C (27 h) compared 

to sea freight fish (113 h). In other words, the early “melting” of the gel packs did not allow 

for any increased protection of the air-transported CBC loins over those packaged with no 

gel pack. However, MA re-packaging of air-transported fish led to significantly slower 

TVB-N formation than re-packaging in normal atmosphere, as evaluated after 11 days of 

storage. Such a difference was not observed upon storage of re-packaged sea-transported 

fish. This may be because the spoilage microbiota was already actively growing at re-

packaging, with Pp levels just at or above log 5/g in contrast to a tenfold lower level in air 

freight fish. 

 Overall, it was found that the temperature increase in the superchilled fish was 

greater when transported by air than by sea freight, resulting in a similar microbiological 

quality of the products at delivery despite the 98 h time difference from processing. Gel 

packs contributed to a better temperature control in the upper part of the boxes, generally 

leading to a slower TVB-N formation after re-packaging. The results further suggest that the 

retail shelf life of re-packaged sea-transported fish was shorter than 10 days, but probably 

10-11 days for retail packs prepared from air-transported fish. Use of MA did not apparently 

increase the retail life of products prepared from sea-transported fish, while MA re-
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packaging of air-transported fish led to a slower spoilage process than re-packaging in 

normal atmosphere. 

 

4. Conclusion 
 

 Fresh fish products have a limited shelf life which is an important hurdle for the 

export of fresh products. Handling, cooling, processing, packaging and storage methods 

greatly influence the quality maintenance and successive deterioration process of such 

products. Raw material quality and other intrinsic/extrinsic parameters related to the fish 

influence the freshness and shelf life extension that can possibly be achieved. Temperature 

control is important to maintain fish quality. Pre-cooling of fillets in process is being used to 

lower the temperature prior to packaging. However, the cooling technique applied should 

not compromise the microbiological quality of the product and render it vulnerable to faster 

spoilage post-packaging. Synergism of combined superchilling and MAP can lead to a 

considerable extension of the freshness period and shelf life of fish products. Nevertheless, 

stable storage conditions are required to slow down deteriorative changes of both microbial 

and chemical nature. Further, environmentally-friendly packaging methods (CP boxes) may 

become an interesting alternative to export fish under rather steady conditions, like those 

encountered in overseas shipping of containers under superchilled temperature, especially if 

CBC fillets are involved. Finally, the impact of transportation mode of fresh fish products 

on their resulting quality was examined. This report provided an overview of the findings on 

fish research carried out at Matís (Icelandic Fisheries Laboratories) over the last three 

decades. 

 The practicality of this information for the fish processing industry will be 

considered. A simple way to summarise some of the information is to present processing, 

packaging and storage alternatives in a graphical manner, as illustrated in Tables 4 and 5. 

Fishing trip at sea may last from one to several days. Taking into account the 9-day 

freshness period of cod (from catch) stored at about 0 °C, the age of fish at processing will 

indicate the time period left for the distribution and retailing of high value products. Raw 

material age at processing and product temperature post-packaging are important parameters 

affecting the fish freshness and quality deterioration. The examples presented in Tables 4 
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and 5 for various products and chill chain situations may lead to different outcomes in 

freshness period (high value) and shelf life (SL) left for fish products at delivery. These 

estimations are based on cod trials discussed in this report. It should be mentioned that few 

data is available for superchilled cod processed from 1-day and 5-day old raw material.  

 

Table 4. Estimated duration of the freshness period and shelf life of air-stored cod products 
as influenced by raw material age at processing, mean product temperature post-packaging 
and transportation mode 
Age at 
processing 

1 day old from catch  3 days old from catch 5 days old from catch 

Storage 
conditions after 
fillet processing 
(mean product 
temperature) 

superchilled 
(-1 °C) 

chilled 
0.5 °C 

abused 
2 °C 

superchilled 
(-1 °C) 

chilled 
0.5 °C 

abused 
2 °C 

superchilled 
(-1 °C) 

chilled 
0.5 °C 

Estimated 
freshness 
period (days) 

10+ 8 6 10 6 5-6 10 4 

Estimated shelf 
life (days) 

15-17 12-13 10 15-16 10-12 8-9 14 9-11 

Sea freight -6 d 
SL at delivery  
Freshness 
period 

SC 
9-11 
4+ 

C 
6-7 
2 

AB 
4 
0 

SC 
9-10 
4 

C 
4-6 
0 

AB 
2-3 
0 

SC 
8 
4 

C 
3-5 
0 

Air freight -2 d 
SL at delivery  
Freshness 
period 

NA C 
10-11 
6 

AB 
8 
4 

NA C 
8-10 
4 

AB 
6-7 
3-4 

NA C 
7-9 
2 

SL, shelf life in days; SC, superchilled; C, chilled; AB, abused; NA, not available 
 

Table 5. Estimated duration of the freshness period and shelf life of MAP cod products as 
influenced by raw material age at processing, mean product temperature post-packaging and 
transportation mode 
Age at processing 1 day old from catch  3 days old from catch 
Packaging conditions (CO2/N2/O2) Retail pack (60:20:20) 3-kg pack (45:40:5) 
Storage conditions after fillet processing  
(mean product temperature) 

superchilled 
(-1.6 °C) 
 

chilled 
(+0.5 °C) 

superchilled 
(-1 °C) 
 

abused  
(+1 °C) 

Estimated freshness period (days) 21 8-15 15 9 
Estimated shelf life (days) 27 16-23 19 12 
Sea freight of 6 days 
Shelf life at delivery (days) 
Freshness period (days) 

SC 
21 
15 

C 
10-17 
2-9 

SC 
13 
9 

AB 
6 
3 

Air freight of 2 days 
Shelf life at delivery (days) 
Freshness period (days) 

NA C 
14-21 
6-13 

NA AB 
10 
7 

SC, superchilled; C, chilled; AB, abused; NA, not available 
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 Table 4 clearly demonstrates that the raw material age at processing will reflect the 

possible shipping conditions to result in valuable products. For instance, refrigerated (0.5 

°C) sea shipping of cod processed 5 days post catch can not be expected to deliver products 

with any freshness characteristics. Based on these estimations, it is observed that 

superchilling of fish products at processing prior to packaging will result in an extended 

freshness period and shelf life. Product superchilling will also result in built-in refrigeration 

in the fillets which will, in turn, ensure a better temperature control during shipping and 

distribution to foreign markets. Because of the insulation properties of EPS boxes generally 

used, superchilling conducted before packaging is more efficient and will lead to a 

homogeneous product temperature once packaged in the box. Stability of the superchilled 

product once packaged is critical to maintain its freshness and to avoid undesirable quality 

defects. Table 5 further indicates similar trends on the importance of proper storage 

conditions to maintain freshness of MAP fish products and reduce the deterioration rate. 

The raw material age at processing is also emphasised. These are the two main criteria for 

successful MA packaging. 

 Finally, the terms “freshness period” and “remaining shelf life” were introduced and 

found to be useful since they led to a better understanding of the effects of different cooling, 

processing, storage techniques and other parameters on the quality deterioration of fresh fish 

products. Fish processors must consider the value of their raw material, the processing and 

storage methods available and the drawbacks of their chill chain in order to take proper 

decisions and attain the highest product value at any given time. 

 

 

5. Acknowledgements 
 

 This compilation study is a part of the research project Chill-add-on funded by the 

AVS R&D Fund of Ministry of Fisheries in Iceland (project no. R 061-06), the Technology 

Development Fund at the Icelandic Centre for Research (project no. 061358006) and the 

EU-funded Integrated Research Project CHILL-ON (contract FP6-016333-2). The financing 

of this work is gratefully acknowledged. 

 



 

58 
 

6. References 

Anyadiegwu M & Archer M. 2002. Trials to compare the thermal performance of a new design of 
Tri-pack corrugated plastic non-reusable fish box with expanded polystyrene and single walled 
fibreboard boxes. The Sea Fish Industry Authority. 

Ása Þorkelsdóttir, Guðmundur Stefánsson, Emilía Martinsdóttir. 1993. Modified atmosphere 
packaging of cod fillets - a trial for Plastos and Ísaga Ltd./Pökkun þorskflaka í loftskiptar umbúðir - 
tilraun unnin fyrir fyrir Plastos og Ísaga hf. Report Rf 24, Icelandic Fisheries Laboratories, 
Reykjavík, Iceland, 13 p. 

Ása Þorkelsdóttir, Guðmundur Stefánsson. 1994. Pökkun á laxi í loftskiptar umbúðir (Packaging of 
salmon in modified atmosphere). Report/Skýrsla Rf 63, Rannsóknastofnun fiskiðnaðarins / Icelandic 
Fisheries Laboratories, Reykjavík, Iceland, 11 p. (in Icelandic). 

ATP. 1970. Agreement Transport Perishables, Agreement on the international carriage of perishable 
foodstuffs and on the special equipment to be used for such carriage. Geneva (1970). 
http://www.unece.org/trans/main/wp11/atp.html: United Nations Economic Commission for Europe. 

Baranyi J, Roberts TA. 1994. A dynamic approach to predicting bacterial growth in food. Int. J. 
Food Microbiol. 23, 277-294. 

Barnett HJ, Stone FE, Robert GC, Hunter PJ, Nelson RW. Kwok J. 1982. Marine Fisheries Review 
44 (3), 7-11. 

Bergslien H, Meling J. 1991. An evaluation of the use of modified atmosphere packaging of fresh 
fish. Norconserv, Stavanger, Norway. 

Boknæs N, Osterberg C, Sorensen R, Nielsen J, Dalgaard P. 2001. Effects of technological 
parameters and fishing ground on quality attributes of thawed, chilled cod fillets stored in modified 
atmosphere packaging. Lebensmittel-Wissenschaft und -Technologie 34, 513-520. 

Boknæs N, Jensen KN, Guldager HS, Osterberg C, Nielsen J, Dalgaard P. 2002. Thawed chilled 
Barents Sea cod fillets in modified atmosphere packaging – Application of multivariate data analysis 
to select key parameters in good manufacturing practice. Lebensmittel-Wissenschaft und -
Technologie 35, 436-443. 

Blomsterberg G, Stefánsson G. 1994. Pökkun á karfaflökum (Packaging of redfish fillets). 
Report/Skýrsla Rf 67. Icelandic Fisheries Laboratories/ Rannsóknastofnun fiskiðnadarins, 
Reykjavík, Iceland, 10 p. (in Icelandic). 

Bonilla AC, Sveinsdottir K, Martinsdottir E. 2007. Development of Quality Index Method (QIM) 
scheme for fresh cod (Gadus morhua) fillets and application in shelf life study. Food Control 18 (4), 
352-358. 

Careche M, Tejada M. 1994. Hake natural actomyosin interaction with free fatty acids during frozen 
storage. J Sci Food Agric 64, 501-507. 

Chen CS. 1985a. Thermodynamic analysis of the freezing and thawing of foods: Enthalpy and 
apparent specific heat. J. Food Sci 50, 1158-1162. 

Chen CS. 1985b. Thermodynamic Analysis of the Freezing and Thawing of Foods: Ice Content and 
Mollier Diagram. J. Food Sci 50, 1163-1166. 

Connell JJ. 1975. Control of Fish Quality. Fishing News (Books) Ltd., London 



 

59 
 

Cyprian OO, Sveinsdottir K, Magnusson H, Martinsdottir E. 2008. Application of quality index 
method (QIM) scheme and effects of short-time temperature abuse in shelf life study of fresh water 
arctic char (Salvelinus alpinus). J. Aq. F. Prod. Technol. 17 (3), 303-321. 

Dalgaard P, Gram L, Huss H.H. 1993. Spoilage and shelf life of cod fillets packed in vacuum or 
modified atmospheres. Int. J. Food Microbiol. 19, 283-294. 

Dalgaard P. 1995. Qualitative and quantitative characterization of spoilage bacteria from packed 
fish. Int. J. Food Microbiol. 26, 319-333. 

Dalgaard P, Mejholm O, Christiansen TJ, and Huss HH. 1997. Importance of Photobacterium 
phosphoreum in relation to spoilage of modified atmosphere-packed fish products. Lett. Appl. 
Microbiol. 24, 373-378. 

Davis HK. 1990. In: Chilling and Freezing of New Fish Products, Int. Inst. Refrig., Commission C2, 
Aberdeen 1990-3, pp. 201-207. 

Davis HK. 1993. Fish. In: RT Parry (Ed.), Principles and Applications of Modified Atmosphere 
Packaging of Foods. Blackie Academic & Professional, Glasgow, Scotland, pp. 189-228. 

Einarsson H, Valdimarsson G. 1990. Bulk storage of iced fish in modified atmosphere. I.I.F./I.I.R., 
Commission C2, 105-109. 

Einarsson H. 1992. Predicting the shelf life of cod (Gadus morhua) fillets stored in air and modified 
temperatures between −4 °C and +16 °C. In: Huss, H.H., Jacobsen, M., Liston, J. (Eds.), Quality 
Assurance in the Fish Industry. Elsevier Science Publishers B.V., Amsterdam, The Netherlands, pp. 
479–488. 

Einarsson H, Lauzon HL. 1996. Final report to the European Commission for the project AIR 2 
CT93-1251, "Predictive modelling of shelf life of fish and meat products" (1993-1996), 26 pages. 

Emborg J, Laursen BG, Rathjen T, Dalgaard P. 2002. Microbial spoilage and formation of biogenic 
amines in fresh and thawed modified atmosphere-packed salmon (Salmo salar) at 2 degrees C. J. 
Appl. Microbiol. 92 (4), 790-799. 

Erikson U, Veliyulin E, Singstad TE, Aursand M. 2004. Salting and desalting of fresh and frozen-
thawed cod (Gadus morhua) fillets: A comparative study using 23Na MRI, low-field 1H NMR, and 
physicochemical analytical methods. J. Food Sci. 69, 107-114. 

Farber JM. 1991. Microbiological aspects of modified atmosphere packaging technology – A 
review. J. Food Prot. 54 (1), 58-70. 

Giannakourou MC, Koutsoumanis K, Nychas GJE, Taoukis PS. 2005. Field evaluation of the 
application of time temperature integrators for monitoring fish quality in the chill chain. Int. J. Food 
Microbiol. 102 (3),:323-336. 

Gill CO, McGinnis JC, Rahn K, Houde A. 1996. Control of product temperatures during the storage 
and transport of bulk containers of manufacturing beef. Food Res. Int. 29 (7), 647-651. 

Gram L, Huss HH. 1996. Microbiological spoilage of fish and fish products. Int. J. Food Microbiol. 
33 (1), 121-137. 

Ginés R, Valdimarsdottir T, Sveinsdottir K, Thorarensen H. 2004. Effects of rearing temperature 
and strain on sensory characteristics, texture, colour and fat of Arctic charr (Salvelinus alpinus); 
Food Qual. Pref. 15(2), 177-185. 

Grímur Valdimarsson, Guðmundur Stefánsson. 1981. Geymsla á ferskum fiski: Pökkun á ýsuflökum 
með koldíoxídi og súrefni (Storage of fresh fish: Packaging of haddock fillets with carbon dioxide 



 

60 
 

and oxygen). Tæknitíðindi No. 129, Rannsóknastofnun fiksiðnaðarins / Icelandic Fisheries 
Laboratories, Iceland, 12 p. (in Icelandic). 

Gudjónsdóttir M. 2006. Low field NMR research of the state of water at superchilling and freezing 
temperatures and the effect of salt on the freezing process of water in cod mince. Diploma Thesis. 
Chalmers University of Technology, Department of Chemical Engineering. Göteborg, Sweden. 

Guðjónsdóttir M, Magnússon H, Sveinsdóttir K, Margeirsson B, Lauzon HL, Reynisson E, 
Martinsdóttir E. 2008. Effect of modified atmosphere packaging (MAP) and superchilling on the 
shelf life of fresh cod (Gadus morhua) loins of different degrees of freshness at packaging. Matís 
Skýrsla/Report 22-08, Matís, Reykjavík, Iceland, 38 p. 

Gudjónsdóttir M, Lauzon HL, Magnússon H, Sveinsdóttir K, Arason S, Martinsdóttir E, Rustad T. 
2010. Low field nuclear magnetic resonance study on the effect of salt and modified atmosphere 
packaging on cod (Gadus morhua) during superchilled storage. Accepted for publication in Food 
Research International. 

Haard NF, Lee YZ. 1982. Hypobaric storage of Atlantic salmon in carbon dioxide atmosphere. Can. 
Inst. Food Sci. Technol. J. 15, 68-71. 

Han TJ, Liston J. 1987. Lipid peroxidation and phospholipids hydrolysis in fish muscle microsomes 
in frozen fish. J Food Sci 52, 294-299. 

Hansen P. 1972. Storage life of prepacked wet fish at 0°C. 2. Trout and herring. J. Food Technol. 7, 
21-26. 

Hebard CE, Flick GJ, Martin RE. 1982. Occurrence and significance of trimethylamine oxide and its 
derivatives in fish and shellfish. In: R.E. Martin et al., (Eds.), Chemistry and Biochemistry of Marine 
Food Products. AVI Publishing Company, Westport, CT, pp. 149-304. 

Herbert RA, Shewan JM. 1975. Precursors of volatile sulphides in spoiling North Sea cod (Gadus 
morhua). J. Sci. Food Agric. 26, 1195-1202. 

Herbert RA, Shewan JM. 1976. Roles played by bacteria and autolytic enzymes in the production of 
volatile sulphides in spoiling North Sea cod (Gadus morhua). J. Sci. Food Agric. 27, 89-94. 

Howgate PF. 1982. Quality Assessment and Quality Control. In: A. Aitken et al. (Eds.), Fish 
Handling and Processing (2nd edition). Her Majesty's Stationary, Edinburgh, pp. 177-186. 

Huss HH. 1972. Storage life of prepacked wet fish at 0°C. 1. Plaice and haddock. J. Food Technol. 
7, 13-19. 

Huss HH. (ed.) 1995. Quality and Quality Changes in Fresh fish. FAO Fish. Techn. Paper 348, 
FAO, Rome, Italy. 

Jensen MH, Petersen A, Röge E, Jepsen A. 1980. Storage of chilled cod under vacuum and at 
various concentrations of carbon dioxide. In: J.J. Connell (Ed.), Advances in Fish Science and 
Technology. Fishing News Books Ltd., Surrey, pp. 294-297. 

Johnston WA, Nicholson FJ, Roger A, Stroud GD. 1994. Chapter 2 - Influence of temperature. In: 
Freezing and refrigerated storage in fisheries, FAO Fisheries Technical Paper T340, 143 pp. 
Retrieved 15.09.2010: http://www.fao.org/DOCREP/003/V3630E/V3630E03.htm 

Jónsson GP, Arason S. 1999. Aukin hráefnisgæði þorsks, með notkun Brontec ísþykknis, um borð í 
veiðiskipi (Enhanced cod raw material quality using Brontec liquid ice on board a fishing vessel). 
Report/Skýrsla Rf 05-99, Rannsóknastofnun fiskiðnaðarins / Icelandic Fisheries Laboratories, 
Reykjavík, Iceland, 22 p. (in Icelandic). 



 

61 
 

Kauffeld M, Kawaji M, Egolf PW, Melinder A, Davies TW (Ed). 2005. Handbook on Ice Slurries - 
Fundamentals and Engineering, International Instittue of Refrigeration, Paris, France, 360 p.  

Labuza TP, Dugan LR. 1971. Kinetics of lipid oxidation in foods. Crit Rev Food Sci Nut 2 (3), 355-
405. 

Lampila LE. 1991. Modified atmosphere packaging. In: DR Ward and CR Hackney (Eds.), 
Microbiology of Marine Food Products. Van Nostrand Reinhold, New York, pp. 373-393. 

Lamprecht E, Avery KWJ, Vermaak K, Garry D. 1984. Ann. Rep. Fishing Industry Res. Inst., Cape 
Town, no. 38, 64-67. 

Lauzon HL. 1997. Shelf-life and Bacteriological Spoilage of American Plaice (Hippoglossoides 
platessoides). M. Sc. Thesis, University of Iceland, Faculty of Science, Dept. of Food Science, 
October 1997, 61 p. 

Lauzon HL. 2000. Chapter 25. Shelf-life and Bacteriological Spoilage of American Plaice 
(Hippoglossoides platessoides). In: F. Shahidi (Ed.), Seafood in Health and Nutrition, 
Transformation in Fisheries and Aquaculture: Global Perspectives. A ScienceTech book, St. John's, 
NF, Canada, pp. 327-354; ISBN No. 0-9683220-1-8. 

Lauzon HL, Stefánsson G, Jónsson GP. 2001. Implementation on board of systems of atmospheres 
with variable composition applied to fresh fish. Continuation on shore of the modified atmosphere 
chain (FAIR CT-98-3833). Final report (01-01-99 to 31-12-00). Project report 06-01, March 2001, 
Icelandic Fisheries Laboratories, 54 p. 

Lauzon HL, Stefánsson G, Jónsson PG, Sveinsdóttir K. 2002. Sensory quality and shelf life of MAP 
redfish (Sebastes marinus) fillets as affected by previous MA bulk storage of whole fish. J. Aq. F. 
Prod. Technol. 11 (3/4), 251-273. 

Lauzon HL, Martinsdóttir E. 2005. Combined use of CBC chilling, MAP and superchilling to extend 
the shelf life of cod fillets. In: Abstracts of the 35th WEFTA meeting, Antwerpen, 19-22 September 
2005. Netherlands Institute for Fisheries. 

Lauzon HL, Magnússon H, Sveinsdóttir K, Gudjónsdóttir M, Martinsdóttir E. 2009. Effect of 
brining, modified atmosphere packaging, and superchilling on the shelf life of cod (Gadus morhua) 
loins. J. Food Sci. 74 (6), M258-M267. 

Layrisse ME, Matches JR. 1984. Microbiological and chemical changes of spotted shrimp (Pandalus 
platyceros) stored under modified atmospheres. J. Food Prot. 47 (6), 453-457. 

Lerke PA, Farber L, Adams R. 1967. Bacteriology and spoilage of fish muscle. 4. Role of protein. 
Appl. Microbiol. 15, 770-776. 

Liston J. 1982. Recent advances in the chemistry of iced fish spoilage. In: R.E. Martin, G.J. Flicks, 
C.E. Bebard & D.E. Ward (eds.), Chemistry and Biochemistry of Marine Products, pp.27-36, AVI 
Publ. Co., Connecticut. 

Mackie IM. 1993. The effects of freezing on flesh proteins. Food Rev Int 9 (4), 575-610. 

Magnússon H. 1980. Internal report (in Icelandic). Rannsóknastofnun fiskidnadarins / Icelandic 
Fisheries Laboratories, Reykjavík, Iceland. 

Magnússon H, Martinsdóttir E. 1995. Storage quality of fresh and frozen-thawed fish in ice. J. Food 
Sci. 60 (2), 273-278. 

Magnússon H, Sveinsdóttir K, Lauzon HL, Thorkelsdóttir Á, Martinsdóttir E. 2006. Keeping quality 
of desalted cod fillets in consumer packs. J Food Sci 71 (2), 69-76. 



 

62 
 

Magnússon H, Hélène L. Lauzon, Kolbrún Sveinsdóttir, Ása Þorkelsdóttir, Birna Guðbjörnsdóttir, 
Emilía Martinsdóttir, Guðrún Ólafsdóttir, María Guðjónsdóttir, Sigurður Bogason, Sigurjón Arason. 
2007. Geymsluþolstilraunir á þorskbitum: Áhrif ofurkælingar, pæklunar og gaspökkunar á 
gæðabreytingar og geymsluþol / Storage trials on cod loins: Effect of superchilling, brining and 
modified atmosphere packaging (MAP) on quality changes and sensory shelf-life. Report/Skýrsla 
Matís 12-07, Matís, Reykjavík, Iceland, 44 p. (in Icelandic). 

Magnússon H, HL Lauzon, K Sveinsdóttir, B Margeirsson, E Reynisson, ÁR Rúnarsson, M 
Guðjónsdóttir, KA Þórarinsdóttir, S Arason, E Martinsdóttir. 2009a. The effect of different cooling 
techniques and temperature fluctuations on the storage life of cod fillets (Gadus morhua). 
Report/Skýrsla Matís 23-09, 37 p. 

Magnússon H, Þorvaldsson L, Sveinsdóttir K, Lauzon HL, Þórarinsdóttir KA, Martinsdóttir E, 
Arason S. 2009b. The effect of liquid cooling at processing and different cooling techniques during 
transport of cod (Gadus morhua) fillets. Report/Skýrsla Matís 34-09, 33 p. 

Magnússon H, Sveinsdóttir K, Þorvaldsson L, Guðjónsdóttir M, Lauzon HL, Reynisson E, 
Rúnarsson ÁR, Magnússon SH, Viðarsson JR, Arason S, Martinsdóttir E. 2010. The effect of 
different cooling techniques on the quality changes and shelf life of whole cod (Gadus morhua). 
Report/Skýrsla Matís 28-10, 23 p. 

Mai N, Margeirsson B, Margeirsson S, Bogason S, Sigurgisladottir S, Arason S. 2010. Temperature 
mapping of fresh fish supply chains – air and sea transport. J. Food Proc. Eng., In press. 

Margeirsson B, Dornboos R, Ramirez A, Mu W, Xioli F, Bogason S. 2008. D1.10: Flow chart of 
selected fish supply chains including mapping of temperature and other relevant environmental 
parameters. Chill on EU project. Reykjavík, Iceland: University of Iceland. 

Margeirsson B, Arason S, Pálsson H. 2009. Thermal Performance of Corrugated Plastic Boxes and 
Expanded Polystyrene Boxes. Report/Skýrsla Matís 01-09, 23 p. 

Margeirsson B, Magnússon H, Sveinsdóttir K, Valtýsdóttir KL, Reynisson Arason S. 2010. The 
effect of different precooling media during processing and cooling techniques during packaging of 
cod (Gadus morhua) fillets. Report/Skýrsla Matís 15-10, 27 p. 

Martinsdóttir E, Sveinsdottir K, Luten JB, Schelvis-Smit R, Hyldig G. 2001. Reference manual for 
the fish sector: sensory evaluation of fish freshness. QIM Eurofish. P.O. Box. 68, 1970 AB 
IJumiden, The Netherlands. 

Martinsdóttir E, Magnússon H, Lauzon HL, Sveinsdóttir K. 2003. Þídd sjófryst MAP-flök með 
skipum á erlendan markað (Shipping of thawed sea-frozen MAP-fillets to foreign market). Project 
report 22-03, Icelandic Fisheries Laboratories, Reykjavík, Iceland, 85 p. (in Icelandic). 

Martinsdóttir E, Gudbjörnsdóttir B, Lauzon HL, Ólafsdóttir G, Thóroddsson T, Tryggvadóttir SV, 
Arnarsson GÖ. 2004. Áhrif roðkælingar á gæði fiskflaka (Effect of CBC chilling on quality of fish 
fillets). Project report 03-04, Icelandic Fisheries Laboratories, Reykjavík, Iceland, 72 p (in Icelandic). 

Martinsdóttir E, Lauzon HL, Tryggvadóttir SV. 2005. Áhrif roðkælingar á gæði fiskflaka. 
Verkefnaskýrsla/Project Report 10-05, Rannsóknastofnun fiskiðnaðarins/Icelandic Fisheries 
Laboratories, Reykjavík, Iceland, 50 p (in Icelandic). 

Martinsdóttir Emilía, Cyprian Ogombe Odoli, Hélène L. Lauzon, Kolbrún Sveinsdóttir, Hannes 
Magnússon, Sigurjón Arason and Ragnar Jóhannsson. 2009. Optimal storage conditions for fresh 
farmed tilapia (Oreochromis niloticus) fillets. Report/Skýrsla Matís 38-09, Matís, Reykjavík, 
Iceland, 81 p. 

Martinsdóttir E, Hélène L. Lauzon, Björn Margeirsson, Kolbrún Sveinsdóttir, Lárus Þorvaldsson, 
Hannes Magnússon, Eyjólfur Reynisson, Arna Vigdís Jónsdóttir, Sigurjón Arason, Maria Eden. 



 

63 
 

2010. The effect of cooling methods at processing and use of gel-packs on storage life of cod 
(Gadus morhua) loins – Effect of transport via air and sea on temperature control and retail-
packaging on cod deterioration. Report/Skýrsla Matís 18-10, Matís, Reykjavík, Iceland, 53 p. 

Miyashita K, Takagi T. 1986. Study on the oxidative rate and prooxidant activity of free fatty acids. 
JAOC 63 (10), 1380-1384. 

Molin G, Stenström I-M, Ternström A. 1983. The mocrobial flora of herring fillets after storage in 
carbon dioxide, nitrogen or air at 2 degrees C. J. Appl. Bacteriol. 55 (1), 49-56. 

Offer G, Knight P. 1988. The structural basis of water-holding in meat. In: Lawrie, R. (Eds). 
Developments in Meat Science (pp. 63-243). London, UK: Elsevier. 

Offer G, Trinick J. 1983. On the mechanism of water holding in meat: the swelling and shrinking of 
myofibrills. Meat Sci. 8, 245-281. 

Olafsdottir G, Lauzon HL, Martinsdottir E, Kristbergsson K. 2006a. Influence of storage 
temperature on microbial spoilage characteristics of haddock fillets (Melanogrammus aeglefinus) 
evaluated by multivariate quality prediction. Int. J. Food Microbiol. 111, 112–125. 

Olafsdottir G, Lauzon HL, Martinsdottir E, Kristbergsson K. 2006b. Evaluation of shelf-life of 
superchilled cod (Gadus morhua) fillets and influence of temperature fluctuations on microbial and 
chemical quality indicators. J. Food Sci. 71 (2), S97-S109. 

Ólafsdóttir G, Lauzon HL, Jónsdóttir R, Martinsdóttir E, Örlygsson J. 2003. Accurate predictive 
models. Verkefnaskýrsla/ Project Report 32-03, Rannsóknastofnun fiskiðnaðarins/Icelandic 
Fisheries Laboratories, 122 p. 

Ólafsdóttir G, Martinsdóttir E, Oehlenschläger J, Dalgaard P, Jensen B, Undeland I, Mackie IM, 
Henehan G, Nielsen J and Nilsen H. 1997. Methods to evaluate fish freshness in research and 
industry. Trends F. Sci. Technol. 8, 258-265. 

Ólafsdóttir H. 2001. Notkun ísþykknis við slátrun, geymslu og skipaflutninga á barra (Use of liquid 
ice at slaughter, during storage and overseas transport). Icelandic Fisheries Laboratories, Project 
report 22-01, Reykjavík, Iceland,29 p. (in Icelandic). 

Parry RT. 1993. Introduction. In: R.T. Parry (Ed.), Principles and Applications of Modified 
Atmosphere Packaging of Foods. Blackie Academic & Professional, Glasgow, Scotland, pp.1-18. 

Pedraso-Menabrito A, Regenstein JM. 1990. Shelf life extension of fresh fish - A review. Part III - 
Fish quality and methods of assessment. J. Food Qual. 13, 209-223. 

Porter N.N. Food Science, 4th ed. The AVI Publishing Company, Inc., Westport, Co. 735 pp. 

Raab V, Bruckner S, Beierle E, Kampmann Y, Petersen B, Kreyenschmidt J. 2008. Generic model 
for the prediction of remaining shelf life in support of cold chain management in pork and poultry 
supply chains. J. Chain Network Sci. 8 (1),:59-73. 

Reddy NR, Armstrong DJ, Rhodehamel EJ, Kautter DA. 1992. Shelf-life extension and safety 
concerns about fresh fishery products packaged under modified atmospheres: a review. J. Food 
Safety 12, 87-118. 

Rediers H, Claes M, Peeters L, Willems KA. 2009. Evaluation of the cold chain of fresh-cut endive 
from farmer to plate. Postharvest Biol. Technol. 51 (2), 257-262. 

Refsgaard HHF, Brockhoff PMB, Jensen B. 2000. Free Polyunsaturated Fatty Acids Cause Taste 
Deterioration of Salmon during Frozen Storage. J Agri Food Chem 48 (8), 3280-3285. 

Reynisson E, Lauzon HL, Thorvaldsson L, Margeirsson B, Rúnarsson AR, Marteinsson VÞ, 
Martinsdóttir E. 2010. Effects of different cooling techniques on bacterial succession and other 



 

64 
 

spoilage indicators during storage of whole, gutted haddock (Melanogrammus aeglefinus). Eur. 
Food Res. Technol. 231 (2), 237-246. 

Riedel L. 1978. Eine Formel zur berechnung der Enthalpie Fettarmer Lebensmittel in abhangigkeit 
von Wassergehalt und Temperature. Chemie Mikrobiologie Technologie der Lebensmittel 5, 129-
133. (In German). 

Rha C. 1975. Thermal properties of foods. In: RHA, C. (Ed.) Theory, Determination and Control of 
Physical Properties of Food Materials. Dordrecht, Boston, Reidel Publishing. 

Ringø E, Stenberg E, Strøm AR. 1984. Amino-acid and lactate catabolism in trimethylamine oxide 
respiration of Alteromonas putrefaciens. NCMB 1735. Appl. Env. Microbiol. 47, 1084-1089. 

Seafish-Industry-Authority. 2009. Fresh Fish Wholesale Packaging. 
http://www.seafish.org/pdf.pl?file=seafish/Documents/datasheet_96_03_FT.pdf. Hull, United 
Kingdom: Seafish Industry Authority. 

Shewan JM. 1971. The microbiology of fish and fishery products - a progress report. J. Appl. Bact. 
34 (2), 299-315. 

Shewan JM, Hobbs G. 1967. The bacteriology of fish spoilage and preservation. Prog. Ind. 
Microbiol. 6, 169-208. 

Shewan JM, Macintosh RG, Tucker CG, Ehrenberg ASC. 1953. The development of a numerical 
scoring system for the sensory assessment of the spoilage of wet white fish stored in ice. J. Sci. Food 
Agric. 4, 283-298. 

Sivertsvik M, Rosnes JT, Kleiberg GH. 2003. Effect of modified atmosphere packaging and 
superchilled storage on the microbial and sensory quality of Atlantic salmon (Salmo salar) fillets. 
Journal of Food Science 68(4), 1467-1472. 
 

Stansby ME, Griffiths FP. 1935. Carbon dioxide in handling fresh fish - haddock. Ind.Eng.Chem. 27 
(12), 1452-1458. 

Stefánsson G, Valdimarsson G. 1982. Geymsla á ferskum fiski – Pökkun fiskflaka í koldíoxíð 
(Storage of fresh fish – Packaging of fish fillets in carbon dioxide). Rit no.3. Rannsóknastofnun 
fiskidnadarins / Icelandic Fisheries Laboratories, Reykjavík, Iceland, 34 p. (in Icelandic). 

Stefánsson G, Blomsterberg G. 1991. Pökkun fiskflaka í loftskiptar heildsöluumbúðir (Packaging of 
fish fillets in bulk). Rit no.29. Rannsóknastofnun fiskiðnadarins / Icelandic Fisheries Laboratories, 
Reykjavík, Iceland, 35 p. (in Icelandic). 

Stefánsson G, Halldórsson H. 1995. Storage life of cod and redfish fillets in retail skin packs. Rf 
Report 95. Rannsóknastofnun fiskiðnadarins / Icelandic Fisheries Laboratories, Reykjavík, Iceland, 
13 p. 

Stevik, AM, Duun AS, Rustad T, O’Farrel M, Schulerud H. 2010. Ice fraction assessment by near-
infrared spectroscopy enhancing automated superchilling process lines. J. Food Eng. 100, 169-177. 

Stone H, Sidel JL. 2004. Sensory evaluation practices, 3rd ed. Amsterdam: Elsevier Academic Press. 
377 p. 

Sveinsdóttir K, Martinsdóttir E, Hyldig G, Jørgensen B, Kristbergsson K. 2002. Application of 
Quality Index Method (QIM) scheme in shelf-life study of farmed Atlantic salmon (Salmo salar). J. 
Food Sci. 67 (4), 1570-1579. 



 

65 
 

Sveinsdottir K, Hyldig G, Martinsdottir E, Jørgensen B, Kristbergsson K. 2003. Quality Index 
Method (QIM) scheme developed for farmed Atlantic Salmon (Salmo salar). Food Qual. Pref. 14, 
237-245.  

Sveinsdóttir K, Martinsdóttir E, Hyldig G, Sigurgísladóttir S. 2010. Sensory characteristics of 
different cod products. J. Sensory Studies 25 (2), 294-314. 

Sörensen NK, Solber T, Hansen GT. 1990. Storage of wet, iced, salmon under modified atmosphere. 
I.I.F./I.I.R., Commission C2, 135-138. 

Tiffney P, Mills A. 1982. Technical Report no. 191. Sea Fish Industry Authority, England. 

Þorvaldsson L, Hélène L. Lauzon, Björn Margeirsson, Emilía Martinsdóttir and Sigurjón Arason. 
2010. Comparison of cooling techniques – Their efficiency during cooling and storage of whole, 
gutted haddock, and their effect on microbial and chemical spoilage indicators. Report/Skýrsla Matís 
34-10, Matís, Reykjavík, Iceland, 21 p. 

Trondsen T. 1989. Transport av fersk fisk í modifisert atmosfære. Senter i Markedsforskning, 
Tromsö, Norway (in Norwegian). 

Tryggvadóttir Soffía Vala, Guðmundur Örn Arnarson, Jön Örn Pálsson. 2005. Framtíðarþorskur: 
geymsluþol, áferð, vöðvabygging og vinnsla. Rf Skýrsla/ IFL report 26-05, Rannsóknastofnun 
fiskidnadarins / Icelandic Fisheries Laboratories, Reykjavík, Iceland, 37 p (in Icelandic). 

Umbreit WW, Burris RH, Stauffer JF. 1972. In: Manometric & Biochemical Techniques, 5th ed., 
Burgess Publishing Company, Minneapolis, USA. 

Veranth MF, Robe K. 1979. Food Proc. 40, 76-79. 

Villemure G, Simard RE, Picard G. 1986. Bulk storage of cod fillets and gutted cod (Gadus morhua) 
under carbon dioxide atmosphere. J.Food Sci 51 (2), 317-320 

Wang MY, Brown WD. 1983. Effects of elevated CO2 atmosphere on storage of freshwater crayfish 
(Pacifastacus leniusculus). J. Food Sci. 48, 158-162. 

Wang T, Sveinsdóttir K, Magnússon H, Martinsdóttir E. 2008. Combined application of modified 
atmosphere packaging and superchilled storage to extend the shelf-life of fresh cod (Gadus morhua) 
loins. J Food Sci 73 (1), 11-19. 



 

66 
 

Appendix I: Data summary of several fillet trials 
 
Table 4. Fish fillets (research in earlier years) 

Fish 
species 

Year Known 
history 

Raw 
mat. 
age1 
(d) 

Packaging type Packaging 
conditions 
(for MAP: 
CO2/O2/N2) 

Storage 
temp. 
(°C)  

Shelf 
life2 
(d) 

Fresh-
ness 

period3 
(d) 

Reference 

Haddock 1981 gutted 2-3 PE bag air (open) 0 10.5 8 G. Valdimars-
son & G. 

Stefánsson, 
1981 

(TT#129) 

N/PE (90 μm) vacuum 0 10 7.5-8 
~ 50/50/0 0 11 9-9.5 

02-82 ungutted 2 PE bag (T1) air 0 12.5 7.5 Stefánsson & 
Valdimarsson 

1982  
(Rf 3. Rit) 

N/PE 20/70μm vacuum 0 13 11 
N/PE 60/100 50/50/0 0 >16 13 

1982 ungutted 1 PE bag (T2) air (open) 0 13.5 9 
N-PVDC/PE 
(25/50 μm) 

75/25/0 0 >20 15 
100/0/0 0 >20 >20 

04-82 ungutted 1-2 PE bag (T3) air (open) 0 9 7 
 4 6 ~4 

N-PVDC/PE 
(25/50 μm) 

75/25/0 0 19 12.5 
 4 7.5 6.5 

04-82 ungutted 1 N-PVDC/PE 
(25/50 μm) (T4) 

75/25/0 0 19 11 
ungutted, 
extra care 

75/25/0 0 >19 18 

02-89 line caught, 
gutted 

3 PE bag (T1) air (open) 0 11 4 Stefánsson & 
Blomsterberg 
1991 (Rf 29. 

Rit, T1) 

PAE 85  
(18 fillets) 

50/0/50 0 14.5 7 
50/50/0 0 16 5-14 
100/0/0 0 >19 15.5 

Redfish 11-90 deskinned 1  air, iced 0 10 8 Blomsterberg 
& Stefánsson 

1994  
(Rf 67-94) 

Vacuum bag 80/20/0 0 15 6 
80/0/20 0 14 13 
100/0/0 0 17 14 
vacuum 0 13.5 11 

08-95 long-line 1 Retail skin pack air-packed 0 11 9.5 Stefánsson & 
Halldórsson 

1995  
(Rf 95-95) 

     5 8 6.5 

03-00  2 10 d in air 
(0.9°C), then 

filleted, packed 

air (open) 0-2 5 1 Lauzon et al. 
2001  

(Rf 06-01); 
Lauzon et al. 

2002 

60/0/40 9 3 

10 d in 60/0/40 
(0.9°C), then 

filleted, packed 

air (open) 5.5 2 
60/0/40 11 2 

05-00  2 10 d in air 
(1.8°C), then 

filleted, packed 

air (open) 0-2 3 1 Lauzon et al. 
2001  

(Rf 06-01); 
Lauzon et al. 

2002 

60/0/40 8 2 

10 d in 60/0/40 
(1.8°C), then 

filleted, packed 

air (open) 4 2 
60/0/40 14 3 

1: time in days from catch to trial 
2: time in days from processing/packaging, based on sensory asssessment of cooked fish (Torry score = 5.5) 
3: time in days from processing/packaging, based on sensory asssessment of cooked fish (Torry score = 7) 
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Table 5. Cod fillets (research in earlier years) 
Year 
mo-yr 

Known 
history 

Raw 
mat. 
age1 
(d) 

Packaging type Packaging 
conditions 
(for MAP: 
CO2/O2/N2) 

Storage 
temp. (°C)  

Shelf 
life2 (d) 

Freshness 
period3 

(d) 

Reference 

1980  3 air (iced)  0-1 11  Magnússon H. 
1980 

(unpublished) 
Vacuum 8  

vacuum + N2 7  
1990 gutted 1 PE bag (T2) air (open) 0 12.5 8 Stefánsson & 

Blomsterberg 
1991 

(Rf 29. Rit, T2) 

N/PE 20/70μm 100/0/0 >19 14 
PAE 85 (5 kg) 100/0/0 18.5 14 
PAE 85 (20kg) 100/0/0 17 14 

PE bag (T3) air (open) 0 8 6 Stefánsson & 
Blomsterberg 

1991 
(Rf 29. Rit, T3) 

N/PE 20/70μm 90/10/0 17 6.5-11 
PAE 85 (5 kg) 90/10/0 11-11.5 5 
PAE 85 (20kg) 90/10/0 7 4 

PE bag (T4) air (open) 0 9 5.5 Stefánsson & 
Blomsterberg 

1991 
(Rf 29. Rit, T4) 

5 4 2.5 
PAE 85 (5 kg) 90/10/0 0 >14 7 

5 7.5 5 
N/PE 20/70μm 90/10/0 5 7 5 

1 PE bag (T5) air (open) 0 11 9 Stefánsson & 
Blomsterberg 

1991 
(Rf 29. Rit, T5) 

8 6 0 
1 N/PE 20/70μm 90/10/0 15 8 
8 5.5 0 
1 PAE 85 (5 kg) 90/10/0 15.5 14 
8 7.5 0 
1 PAE 85 (20kg) 90/10/0 12 7 

02-91 line caught 2 300 g; 960 cm3 air 16 2 1 Einarsson 1992 
7 3 2 
5 3 2 

0.5 10 4 
-2.5 15 7 
-4.5 35 8 

40/30/30 16 2 1 
7 3 2 
5 5 4 

0,5 13 8 
-2.5 31 10 
-4.5 36 11 

1993 T abused 1-2 5 kg EPS +ice 
pack (on top) 

air (open) Abused 
early/ late 

8.5 5.5 Á. Þorkelsdóttir 
et al. 1993 
(Rf 24-93) 0°C for 6d; 

then 2-3°C 
abused late 

9 6.5 

vacuum bag in 
EPS box + ice 
pack (bottom) 

90/10/0 Abused 
early/late 

11.5 9 

0°C for 6d; 
then 2-3°C 
abused late 

12.5 10 

08-95 long-line 1 Retail skin pack air-packed 0 12 10.5 Stefánsson & 
Halldórsson 

1995 
(Rf 95-95) 

5 8.5 7.5 

1995  1 Nylon bag air (open) -1.6 17 8 Einarsson & 
Lauzon 1996 60/20/20 27 21 

60/0/40 21 12 
air (open) 0.6 16 8 
60/20/20 16 8 
60/0/40 20 10 
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air (open) 9.7 5 2.2 
60/20/20 5 2.5 
60/0/40 5 2.5 

05-99 gutted 2 10 d in air, then 
filleted, packed 

air (open) 0-2 4 1 Lauzon et al. 
2001 

(Rf 06-01) 
70/30/0 6 3 

10 d in 60/0/40, 
then filleted, 

packed 

air (open) 6.5 2 
70/30/0 7 1 

11-99 gutted 2 10 d in air, then 
filleted, packed 

air (open) 0-2 5 0 
50/30/20 7 0 

10 d in 60/0/40, 
then filleted, 

packed 

air (open) 7 2 
50/30/20 13 5 

1: time in days from catch to trial 
2: time in days from processing/packaging, based on sensory asssessment of cooked fish (Torry score = 5.5) 
3: time in days from processing/packaging, based on sensory asssessment of cooked fish (Torry score = 7) 
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Table 6. Cod fillets (research in recent years) 
Year 
mo-yr 

Known 
history 

Raw 
mat. 
age1 
(d) 

Packaging 
type 

Packaging 
conditions 
(for MAP: 
CO2/O2/N2) 

Storage 
temp. (°C)  

Shelf 
life2 (d) 

Freshness 
period3 

(d) 

Reference 

09-01 Whole, 
filleted 

1 Tray (400 g) 
+ bag: 115μ 

air (open) 0.5±0.1 15-17 10 Martinsdóttir et al. 
2003 

(Rf 22-03) 
60/10/30 0.5±0.1 22-24 15 

2001 Thawed 
fillet 

Freezing 
time: 6w 

Tray (400 g) 
+ bag: 115μ 

air (open) 0.9±0.3 11 6 Martinsdóttir et al. 
2003 

(Rf 22-03) 
60/10/30 0.9±0.3 18 6 

Freezing 
time: 8m 

air (open) 0.9±0.1 14 12 
60/10/30 0.9±0.1 21 14 

Freezing 
time: 15 

m 

air (open) 0.8±0.2 14 6 
60/10/30 0.8±0.2 25 6 

10-03 Trad. 
process 

3 EPS (5kg) air 
Tp=1.8±0.9°C 

0.8±1.9 9 6 Martinsdóttir et al. 
2004 

(Rf 03-04); 
Olafsdottir et al. 

2006b 
 

Trad. 
process, 

1x T abuse 

Abused d3-8h 
@ RT 

air 
Tp=2.0±0.9°C 

1.4±3.4 8.5 5.5 

Trad. 
process, 

2x T abuse 

4 
(abused 
pre/post 
process) 

Abused d3-8h 
@ RT 

air 
Tp = 3.9°C 

1.9±3.8 4.5 3 

CBC 3 air 
-0.9±0.6°C 

0.7±1.6 9.5 7.5 

11-03 Trad. 
process 

1 EPS (3kg) air 
Tp=0.4±0.5°C 

0.3±0.1 12.5 8 Martinsdóttir et al. 
2004 

(Rf 03-04); 
Olafsdottir et al. 

2006b 

Abused d3-
16h @ RT 

air 
Tp=1.9±2.3°C 

1.7±4.8 9.5 5.5 

12-03 CBC 1 EPS (4kg) air 
-0.3±0.5°C 

0.4±1.1 13 8 Martinsdóttir et al. 
2004 

(Rf 03-04); 
Olafsdottir et al. 

2006b 

air 
-1.3±0.0°C 

-1.2±1.3 14+ 9.5 

air 
-0.8±0.7°C 

-0.2±1.3 14 9.5 

10-04 CBC, 
2x T abuse 

3 Polimon tray 
(~9L, 3kg 

fish) 

air 
Tp=1.3±1.1°C 

1.1±1.9 8 7 Martinsdóttir et al. 
2005 

(Rf 10-05) air 
-1.2±1.4°C 

-1.2±1.9 14 8 

54/1/45 
Tp=0.9±1.5°C 

0.9±1.6 12 9 

54/1/45 
Tp=-1.2±1.3 

-1.2±1.8 15 9 

11-04 CBC 3 EPS (3kg) air 
-1.3±0.0°C 

-1.0±0.4 16 10 Martinsdóttir et al. 
2005 

(Rf 10-05) Polimon tray 
(~9L, 3kg 

fish) 

air 
-1.3±0.0°C 

14? 11 

56/7/37 
-1.1±0.2°C 

19 15 

2005 Farmed, 
iced  

1 5 fillets/box Tp=0.4±0.4°C 0.8±0.2 17 14 Tryggvadóttir et 
al. 2005 

(Rf 26-05) Wild, iced ~16 10 
11-05 2d whole 

+gutted; 
filleted 

2 + 1 EPS (5 kg) air 1.5 7 6 Wang et al. 2008 
Tray (500 g) 
+ bag: 115μ 

50.7/4.6/44.7 11 9 

EPS (5 kg) air -1 13 10 
Tray  + bag 50.7/4.6/44.7 21 15 

1: time in days from catch to packaging 
2: time in days from processing/packaging, based on sensory asssessment of cooked fish (Torry score = 5.5) 
3: time in days from processing/packaging, based on sensory asssessment of cooked fish (Torry score = 7) 
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Table 7. Fish fillets (research in recent years) 

Fish 
species 

Year 
mo-yr 

Known 
history 

Raw 
mat. 
age1 
(d) 

Packaging 
type 

Packaging 
conditions 
(for MAP: 
CO2/O2/N2) 

Storage 
temp. (°C)  

Shelf 
life2 (d) 

Fresh-
ness 

period
3 (d) 

Reference 

Cod 10-06 3d whole 
filleted, 

brined 2d 

3 + 2 
2.5% 
salt 

EPS (5 kg) air 
-1.5±1.1°C 

 

-2 14 10 H. 
Magnússon 
et al. 2007 

(Matís 12-07); 
Lauzon et al. 

2009 

tray + film 
(350-550 g) 

49.0/7.4/43.7 -2 13 10 

whole 5 EPS (5 kg) air 
0.0±0.4°C 

0 11 7 

tray + film 49.0/7.4/43.7 0 15 9 
EPS (5 kg) air 

-1.4±1.1°C
-2 14 10 

tray + film 49.0/7.4/43.7 -2 21 10 
10-07 whole, gutted 

-0.2±0.1°C 
2 tray + film 

(350-550 g) 
50/5/45 

-0.8±1.2°C 
-0.6±1.4 19 13 M. Guðjóns-

dóttir et al. 
2008 

(Matís 22-08) 
-0.2±0.2°C 7 7 3 

10-08 whole, 
gutted, flake 

ice 

2 EPS (3 kg), 
liquid cooling 

of fillets 

1.1±1.9°C -0.6±2.5°C 
Dynamic 
storage: 

RTS @ 10°C 
d0 = 7.5 h  
d2 = 16 h  

7-10 4-5 H. 
Magnússon 
et al. 2009a 
(Matís 23-09) no cooling 1.6±1.9°C 6-9 3-6 

CBC fillets 0.2±0.7°C 12-13 4-6 
liquid ice 2 CBC fillets -0.4±0.8°C 13-14 6-7 

12-08 whole, gutted 1 EPS (3 kg) Tp = 
0.0±0.8°C

-0.4±2.1 11 5 Chill-on 
project, 

unpublished 
data 

(Margeirsson 
& Lauzon) 

Abused d0-6h 1.1±3.7°C 0.2±3.6 10 4 
Abused d4-6h 0.9±3.7°C 0.2±3.8 10 5 

CP (3 kg) 0.1±1.0°C -0.4±2.1 11 6.5 
Abused d4-6h 1.3±2.8°C 0.2±3.6 10 4.5 

02-09 whole, gutted 2 EPS (5 kg) 
CBC+ice pack 

Tp = 
-0.2±0.3°C 

Tambient = 
-1.0±0.4°C 

12 7 Martinsdóttir 
et al. 2010 

(Matís 18-10) 0.0±0.2°C 0.0±1.7°C 9 7 
CBC -0.2±0.2°C -1.2±0.2°C 12 8 

0.3±0.4°C -0.1±1.8°C 9 7 
LIC + ice pack 0.3±0.6°C 0.0±2.0°C 8 6 

control + IP 1.1±0.5°C 0.2±1.8°C 10 7.5 
03-09 whole/gutted, 

slurry ice 
3 EPS (5 kg) 

control + IP 
Tp = 

0.6±0.4°C 
Tambient = 

-0.4±2.3°C 
9-10 6-7 H. 

Magnússon 
et al. 2009b 
(Matís 34-09) 

LIC + ice pack 0.6±0.5°C -0.1±2.4°C 7 5 
LIC + dry ice 0.5±0.6°C -0.3±2.2°C 8-9 5-8 

LIC + ice pack 0.2±0.4°C -1.0±2.2°C 7-8 5-7 
Haddock 10-01 Trad., gutted 1 EPS  

(11 fillets) 
air 0 12.5 9 Olafsdottir et 

al. 2006a 7 5.5 4 
15 3.5 2.5 

11-03 Trad., gutted 1 EPS (3kg) air 0.3±0.3 10.5 7 Martinsdóttir 
et al. 2003, 
Rf 03-04 

Abused d3-16h 2.0±5.4 8 6 

Tilapia 02-09 Filleted post-
rigor  

1 tray + film air 1 ± 0.5 13-15  Martinsdóttir 
et al. 2008 

(Matís 38-09) -1 ± 0.5 20  

1: time in days from catch to packaging 
2: time in days from packaging, based on sensory asssessment of cooked fish (Torry score = 5.5 or QDA value) 
3: time in days from packaging, based on sensory asssessment of cooked fish (Torry score = 7 or QDA value) 




