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value 20 (on the scale 0 to 100) most panellists detect them (Bonilla and others 2007; 

Magnússon and others 2006). According to this criterion, the maximum shelf life of LC-

IP-RTS was 7 day, LC-IP-S 7-8 days, LC-DI-RTS 8-9 days and NC-IP-RTS 9-10 days. 

These results are in agreement with the results from the Torry scores. 

 

Figure 15. Average QDA scores of table cloth 
odour 

Figure 16. Average QDA scores of TMA odour

 

Figure 17. Average QDA scores of sour odour Figure 18. Average QDA scores of sour flavour
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Figure 19. Average QDA scores of TMA 

flavour 
 Figure 20. Average QDA scores of off- flavour

 

A comparison of the freshness period (the end of this period is when the fish has lost the 

freshness characteristics and reached the neutral phase) and the maximum shelf life (the 

end of this period is when odour and flavour attributes related to spoilage have become 

evident) is shown in Table 5.  

The different treatments of the groups did not influence the sensory characteristics of the 

samples in other ways than resulting in different lengths of freshness period and 

maximum shelf life. The estimation of these periods was based on freshness and spoilage 

related odour and flavour attributes. Thus, liquid cooling resulted in a 2-3 days shorter 

maximum shelf life than the group that was not receiving the liquid cooling treatment 

(NC-IP-RTS compared to LC-IP-RTS). Comparison of the groups receiving liquid 

cooling showed that dry ice appeared to extend the shelf life of 1-2 days as compared to 

ice packs (LC-DI-RTS compared to LC-IP-RTS), but storage at -1°C did not have much 

influence on the freshness period or maximum shelf. 

 
Table 5. Freshness period and maximum shelf life according to sensory evaluation 
Group freshness period shelf life 
LC-IP-RTS 5-7 7 
NC-IP-RTS 5-7 9-10 
LC-IP-S 5-7 7-8 
LC-DI-RTS 5-8 8-9 
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3.3 Microbial measurements 
 
Initial microbial counts in brine and skinless cod fillets at the day of processing (3 day 

post-catch) are shown in Figure 21. Considerable load of microbes was found in the 

brine. It is evident that higher microbial counts were found in the fillets that were 

immersed into the cooling brine compare to the control fillets (no cooling). It is therefore 

clear that the fillets have picked up microbes from the brine. This was especially 

noticeable for the spoilage bacterium Photobacterium phosphoreum which increased 

from about 10/g in the control group up to about 40.000/g during the immersion process.  

 

 
 
Figure 21. Initial microbial load in brine and skinless cod fillets at the day of processing (LC: Liquid 
cooling, NC: No cooling, TVC: Total viable counts, H2S-prod: H2S-producing bacteria, Pseud: 
presumptive pseudomonads, Pp: Photobacterium phosphoreum). 
 

Microbial counts in the four experimental groups of cod fillets during storage from day of 

packaging for up to 11 days are shown in Figures 22-23. From day 4 onwards, similar 

growth curves were obtained for TVC and P. phosphoreum for all experimental groups 

(Figure 22). Growth curves for H2S-producing bacteria and pseudomonads were also 

similar but much lower counts were obtained (Figure 23).   

Generally minor differences where found between experimental groups within each 

sampling day during storage. Significant differences (p<0.05) were only found at the 

beginning of the experiment and on day 11. Thus, TVC, P. phosphoreum and 
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pseudomonads were significantly lower in the control group (no cooling) on day 0 than in 

the group were liquid cooling was applied prior to packaging. On the last day of sampling 

(day 11), TVC were lower in the no cooling group (NC-IP-RTS) than in the LC-IP-RTS 

group.  H2S-producing bacterial counts were higher in the group LC-IP-RTS than in other 

groups on day 11 and pseudomonads counts were significantly higher in the group NC-

IP-RTS compared to the LC-DI-RTS group (see table E in Appendix 1).   

 

 

 
Figure 22.  Total viable counts (TVC) and Photobacterium phosphoreum (Pp) in cod fillets (ave ± 
stdev, n=3).  (LC: Liquid cooling, NC: No cooling, IP: Ice packs, DI: Dry ice, RTS: Real temperature 
simulation, S: Steady temperature (approx. -1°C)). 
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Figure 23.  Growth of H2S-producing bacteria and presumptive pseudomonads in cod fillets (ave ± 
stdev, n=3).  (LC: Liquid cooling, NC: No cooling, IP: Ice packs, DI: Dry ice, RTS: Real temperature 
simulation, S: Steady temperature (approx. -1°C)). 
 
 

3.4 Chemical measurements 
 

3.4.1 Total Volatile Base Nitrogen (TVB-N) and Trimethylamine (TMA) 
 
No increase was observed in TVB-N and TMA content during the first four days of 

storage (Figure 24). After day 4, rapid increase was seen in TVB-N and TMA in all 

experimental groups. The TVB-N and TMA contents increased more rapidly in fillets 

that were cooled in liquid than in the control fillets (NC-IP-RTS). The use of dry ice (LC-

DI-RTS) did though slow down formation of these substances. TVB-N values were 

significantly lower on day 11 in the control group compared to the groups LC-IP-RTS 

and LC-IP-S and TMA values were lower in the NC-IP-RTS group compared to the LC-

IP-S.  

The rapid increase in both TVB-N and TMA may be largely attributed to rapid growth of 

P. phosphoreum in all experimental groups but this bacterium is an active reducer of 

trimethylamine oxide (TMAO) to TMA. Low initial levels of this bacterium in the 
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control group (no cooling) have very likely led to slower formation of both TVB-N and 

TMA during storage in that group.   

 
Figure 24.  Total Volatile Base Nitrogen (TVB-N) and trimethylamine (TMA) in cod fillets (ave ± 
stdev, n=3).  (LC: Liquid cooling, NC: No cooling, IP: Ice packs, DI: Dry ice, RTS: Real temperature 
simulation, S: Steady temperature (approx. -1°C)). 
 
 

3.4.2 pH – measurements 
 
The pH in the fillets increased with time from day 4 after packaging (Figure).  No 

significant differences (p>0.05) were found between the experimental groups at each 

sampling point. The pH in the brine during processing of fillets for the trial was 6.8.     

 
 
Figure 25.  Acidity (pH) in cod fillets (ave ± stdev, n=3).  (LC: Liquid cooling, NC: No cooling, IP: Ice 
packs, RTS: Real temperature simulation, S: Steady temperature (approx. -1°C)). 
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3.4.3 Salt content and water content  
 
The initial water content of the fillets was 81.6 ± 0.2%.  No significant changes were 

observed in water content with storage time (p>0.05).  The water content was on average 

slightly higher in the fillets stored superchilled (LC-IP-S) than in the control fillets (NC-

IP-RTS) (Figure ).  Salt content was 0.3% in control fillets but 0.4% in fillets cooled in 

liquid before processing. The salt content of the brine at the beginning and end of 

processing the fillets for the trial was 1.7 and 1.5% respectively.  

 

 

 
 
Figure 26.  Water content in cod fillets (ave ± stdev, n=3).  (LC: Liquid cooling, NC: No cooling, IP: 
Ice packs, RTS: Real temperature simulation, S: Steady temperature (approx. -1°C)). 
 
 

3.5 Water holding capacity (WHC) and drip 
 
Changes in WHC with time were in general not significant (p<0.05). Slight increases 

were observed in fillets stored with dry ice and in the fillets that were stored superchilled.  

Higher WHC correlated with higher drip with time (Figure27) as a result of muscle 

degradation.  The water capacity may rise as larger proportion of loosely bound water is 

released from the muscle. 
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Figure 27.  Water Holding Capacity (WHC) in cod fillets (ave ± stdev, n=3).  (LC: Liquid cooling, 
NC: No cooling, IP: Ice packs, RTS: Real temperature simulation, S: Steady temperature (approx. -
1°C)). 
 
 
 
Drip increased in all groups with time (Figure 28).  It was higher in the control fillets 

(NC-IP-RTS) at the beginning of storage but the differences levelled out during the 

storage period.   

 

 
 
Figure 28.  Drip in cod fillets.  (LC: Liquid cooling, NC: No cooling, IP: Ice packs, RTS: Real 
temperature simulation, S: Steady temperature (approx. -1°C)). 
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4 CONCLUSION 
 
Results from sensory, microbial and chemical analysis all showed that immersing the 

skinless cod fillets in cooling brine prior to packaging resulted in reduced shelf life in 

comparison with fillets that were not immersed in brine. This is attributed to the fact that 

the cooling brine carried considerable amounts of microbes including the spoilage 

bacterium Photobacterium phosphoreum which is an active producer of trimethylamine 

(TMA). If the intention is to cool fillets in brine prior to packaging it must be ensured that 

the brine is of high microbial quality in order to avoid the danger of cross-contamination 

from brine to fillet.  
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7 APPENDIX  I 
Table A-D show how the sample groups were characterized by sensory attributes. 

Generally, sweet and shellfish odours were very characteristic for all groups at the 

beginning of storage, but decreased with the storage time. Odour of vanilla/warm milk 

was also characteristic the beginning and during storage, but decreased at the end of 

storage. A hint of boiled potatoes odour of was detected at the beginning of storage, 

increased somewhat with storage time, but decreased again at the end of storage. Frozen 

storage odour was not detected, and only a hint of sulphur odour was detected in LC-DI-

RTS after 11 days of storage. Odour of table cloth, TMA and sour odours were not 

detected in the samples at the beginning of storage. After eight days of storage, a hint of 

table cloth odour was detected in NC-IP-RTS and LC-DI-RTS. Table cloth, TMA and 

sour odours had however, become very characteristic for all groups at the end of storage; 

NC-IP-RTS and LC-DI-RTS after 11 days and LC-IP-RTS and LC-IP-S after eight days.  

The groups generally had light and even colour, but became somewhat more dark and 

discoloured with storage time. 

Frozen storage flavour was not detected in the sample groups, but a hint of salt flavour.  

At the beginning of storage metallic and sweet were very characteristic of the flavour, 

which decreased with storage time and were hardly detected at the end of storage. Meaty 

flavour was evident at the beginning of storage, but decreased with storage time. Pungent, 

sour, TMA flavours and off-flavour were not detected at the beginning of storage. After 

eight days, a hint of these attributes was detected in LC-DI-RTS and LC-IP-S, but these 

flavours were obvious in LC-IP-RTS at the same time. After 11 days, a hint of these 

attributes was detected in the control sample. 

At the beginning of storage, all sample groups were described with juicy texture, but 

decreasingly with storage time.  
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Table A.  Average sensory scores (QDA scale 0-100%) for odour attributes.  

 
 
Table B.  Average sensory scores (QDA scale 0-100%) for appearance attributes.  

 
 
  

Product sweet shellfish meat vanilla potatoes frozen cloth TMA sour sulphur
p-value 0,000 0,000 0,000 0,000 0,000 0,118 0,000 0,000 0,000 0,000
NC-IP-RTS-d01 45 48 27 41 17 0 2 1 0 1
NC-IP-RTS-d04 40 44 26 38 24 1 7 3 2 1
NC-IP-RTS-d06 34 31 20 30 31 1 6 3 3 1
NC-IP-RTS-d08 25 21 17 26 37 1 15 8 9 1
NC-IP-RTS-d11 22 17 15 19 33 2 36 27 21 5
LC-DI-RTS-d01 49 50 25 45 14 1 1 0 1 1
LC-DI-RTS-d04 47 44 27 39 25 1 5 3 2 1
LC-DI-RTS-d06 33 33 20 30 33 2 7 6 2 1
LC-DI-RTS-d08 29 21 18 26 35 2 20 10 8 2
LC-DI-RTS-d11 14 12 10 13 25 4 45 48 34 12
LC-IP-RTS-d01 42 46 25 40 19 1 2 0 1 1
LC-IP-RTS-d04 43 43 22 38 25 1 4 3 1 0
LC-IP-RTS-d06 35 29 20 32 33 1 6 9 7 1
LC-IP-RTS-d08 16 11 9 13 28 3 35 32 30 8
LC-IP-S-d01 48 50 29 38 14 1 2 1 1 0
LC-IP-S-d04 42 42 24 37 28 1 6 4 2 1
LC-IP-S-d06 32 31 18 30 38 1 7 6 5 1
LC-IP-S-d08 20 17 11 17 30 2 31 22 24 5

Product dark discoloured precipitation
p-value 0,0037 0,0009 0,4402
NC-IP-RTS-d01 17 16 19
NC-IP-RTS-d04 18 18 24
NC-IP-RTS-d06 24 24 29
NC-IP-RTS-d08 26 23 25
NC-IP-RTS-d11 25 29 25
LC-DI-RTS-d01 17 16 16
LC-DI-RTS-d04 18 20 26
LC-DI-RTS-d06 25 26 24
LC-DI-RTS-d08 26 27 20
LC-DI-RTS-d11 25 31 27
LC-IP-RTS-d01 25 25 20
LC-IP-RTS-d04 21 22 22
LC-IP-RTS-d06 26 27 26
LC-IP-RTS-d08 37 33 28
LC-IP-S-d01 18 18 19
LC-IP-S-d04 18 19 22
LC-IP-S-d06 25 27 23
LC-IP-S-d08 31 31 28
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Table C.  Average sensory scores (QDA scale 0-100%) for flavour attributes.  

 
 
Table D.  Average sensory scores (QDA scale 0-100%) for texture attributes.  

 
 

Product salt metallic sweet meat frozen pungent sour TMA off
p-value 0,903 0,000 0,000 0,000 0,463 0,000 0,000 0,000 0,000
NC-IP-RTS-d01 13 48 39 27 1 2 1 1 2
NC-IP-RTS-d04 11 36 32 24 3 2 3 2 5
NC-IP-RTS-d06 8 32 28 18 4 3 2 4 5
NC-IP-RTS-d08 12 19 20 19 4 8 8 5 12
NC-IP-RTS-d11 13 13 18 15 1 10 16 16 18
LC-DI-RTS-d01 16 50 49 26 1 1 1 0 0
LC-DI-RTS-d04 16 38 42 25 3 3 4 1 3
LC-DI-RTS-d06 15 30 31 21 3 6 4 6 6
LC-DI-RTS-d08 14 22 26 18 2 8 13 10 14
LC-DI-RTS-d11 15 10 10 8 4 16 26 38 32
LC-IP-RTS-d01 16 49 41 27 1 1 1 1 1
LC-IP-RTS-d04 15 39 42 25 3 3 3 3 3
LC-IP-RTS-d06 10 30 30 18 5 7 4 9 10
LC-IP-RTS-d08 15 9 18 11 4 15 21 24 30
LC-IP-S-d01 16 48 48 26 1 1 1 0 1
LC-IP-S-d04 17 32 39 24 3 3 4 2 3
LC-IP-S-d06 12 28 31 22 4 4 5 4 7
LC-IP-S-d08 13 15 19 16 4 13 15 17 21

Product flaky soft juicy tender mushy meaty clammy rubbery
p-value 0,9441 0,932 0,0354 0,732 0,0732 0,3188 0,9932 0,4553
NC-IP-RTS-d01 53 64 65 60 28 36 19 12
NC-IP-RTS-d04 54 63 61 61 28 36 18 14
NC-IP-RTS-d06 52 67 56 62 32 29 22 12
NC-IP-RTS-d08 54 65 60 57 37 33 25 15
NC-IP-RTS-d11 54 64 57 54 31 34 17 13
LC-DI-RTS-d01 51 68 72 66 32 35 19 9
LC-DI-RTS-d04 59 58 61 59 24 39 20 14
LC-DI-RTS-d06 58 66 54 55 27 37 18 16
LC-DI-RTS-d08 59 68 61 62 35 31 16 8
LC-DI-RTS-d11 55 70 61 63 33 31 19 8
LC-IP-RTS-d01 59 67 65 65 21 36 19 10
LC-IP-RTS-d04 56 63 62 59 29 37 22 18
LC-IP-RTS-d06 56 63 60 58 29 31 21 14
LC-IP-RTS-d08 62 66 53 61 39 30 18 9
LC-IP-S-d01 57 68 70 65 26 31 19 8
LC-IP-S-d04 58 68 65 67 33 31 16 8
LC-IP-S-d06 55 66 62 61 37 29 17 11
LC-IP-S-d08 56 68 62 63 38 29 16 11
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Table E.  Averages of microbiological and chemical data. Statistical comparison of sample groups 
within each sampling day. Sample groups with different letters are different within a column. (TVC: 
Total viable count, Pp: Photobacterium phosphoreum). 
 

 

Group
Day 0
p-value
KMN: LC 4,5 a 2,9 3,6 a 3,6 a 6,8 10,6 1,1
L: NC 4,1 b 2,6 2,4 b 1,0 b 6,9 11,0 1,5
Day 1
p-value
K: LC-IP-RTS 4,4 2,4 3,2 3,3 6,8 10,7 1,3
L: NC-IP-RTS 4,4 2,7 3,4 3,0 6,8 10,4 1,4
M: LC-IP-S 4,2 2,8 3,3 3,6 6,7 10,9 1,2

N: LC-DI-RTS 4,4 2,7 3,3 3,6 6,8 10,7 1,3
Day 4
p-value
K: LC-IP-RTS 5,3 3,4 3,7 5,1 6,8 13,0 1,6
L: NC-IP-RTS 5,3 3,5 3,9 4,9 6,8 11,7 1,9
M: LC-IP-S 5,2 3,4 3,7 5,4 6,8 13,1 1,6
N: LC-DI-RTS 5,1 3,1 3,4 5,4 6,8 14,3 1,8
Day 6
p-value
K: LC-IP-RTS 6,4 3,9 4,7 7,2 6,9 27,5 16,7 ab

L: NC-IP-RTS 6,4 4,4 4,5 6,6 7,0 19,6 6,1 c

M: LC-IP-S 6,6 4,4 4,4 7,1 6,9 26,4 16,7 a 

N: LC-DI-RTS 6,2 4,4 3,9 6,4 6,9 21,6 8,7 bc

Day 8
p-value
K: LC-IP-RTS 7,1 4,8 4,7 7,6 7,1 49,7 37,8
L: NC-IP-RTS 6,8 5,7 5,1 7,0 7,0 27,1 15,0
M: LC-IP-S 7,4 5,3 4,5 7,5 7,0 34,8 28,6
N: LC-DI-RTS 7,3 4,4 4,3 7,2 6,9 33,8 23,8
Day 11
p-value
K: LC-IP-RTS 7,8 a 6,4 a 5,6 7,7 7,3 88,8 a 72,4
L: NC-IP-RTS 7,4 b 5,4 b 5,5 a 7,6 7,2 60,6 b 46,6 b

M: LC-IP-S 7,6 5,1 b 4,9 7,6 7,3 85,9 a 71,8 a

N: LC-DI-RTS 7,4 5,3 b 4,7 b 7,6 7,3 73,0 62,4

0,029 0,100 0,274 0,018 0,042

0,057 0,125 0,148 0,104 0,256 0,493 0,397

0,051 0,001

0,623 0,403 0,100 0,123 0,487 0,115

0,804 0,061 0,158 0,547 0,627 0,302

0,969 0,698 0,964 0,777 0,219 0,838

0,374 0,433 0,310

0,013

0,002 0,012

0,961

0,931

TVC H2S-prod. Pseudomonas Pp pH TVB TMA

0,003 0,155




