1.1. Seafood spoilage and quality

Just after capture, seafood is considered absolutely fresh but post-mortem changes result in loss of freshness, with the fish becoming progressively more spoiled and unpleasant to eat over time. Ultimately the seafood becomes unfit for consumption. The main changes that occur between capture and consumption of fish and seafood can be divided into three main stages.
1. The pre-rigor state in which the muscle tissue is soft and pliable. 

2. The stiff and rigid condition known as rigor mortis. The onset of rigor may occur anywhere between 1-24 hours following death for most species, depending on the fish condition. Many factors determine the duration of rigor.  
3. The post rigor state in which fish softens and starts to deteriorate. 

Figure 1 shows the relationship between time and flavour deterioration in whitefish (e.g. cod, haddock).
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Figure 1 – Relationship between time and flavour deterioration in whitefish

Live seafood tissue is sterile even though the skin, gills and gut are not. Depending on the environment in which the seafood was caught, bacterial levels of 102 to 109 cfu/g can be found.

In the first couple of days after death, changes in seafood are mainly due to chemical processes.  However, after a few days bacteria penetrate the flesh where they degrade tissue components, producing the unpleasant odours and flavours associated with spoilage. These unpleasant odours and flavours increase and change over time rendering the seafood inedible after a period of time. However, seafood typically becomes inedible long before the bacterial levels have increased to the extent where they would be injurious to health. At low temperatures, bacterial levels increase slowly but at higher temperatures the bacteria grow rapidly, accelerating the spoilage rate. Time and temperature are the most critical factors to control to ensure seafood retains high freshness quality for as long as possible.

Freezing the seafood at any stage can effectively stop bacterial growth, though some chemical or enzymic processes can slowly continue during frozen storage. When the seafood is thawed, it will spoil as quickly as chilled/never frozen seafood, so it must be kept chilled, as close to the temperature of melting ice as possible. Maintaining a low temperature (i.e. as close to 0oC as possible) is perhaps the single most important factor in slowing down the deterioration of seafood.

With some exceptions, seafood is rarely incriminated with food poisoning outbreaks because:

· Most seafood is not infected by, or carries, food poisoning bacteria

· The cold temperatures at which it is stored means that most food poisoning bacteria grow poorly

· Seafood is traditionally eaten cooked so bacteria present are destroyed

There are safety issues with some species, for example the development of histamine in certain Scombroid species such as mackerel and tuna.  These types of fish are associated with scombroid fish poisoning because their flesh contains higher levels of histidine. Histidine is converted to histamine by bacteria and if the seafood is eaten it can cause illness. Temperature abuse is the main cause of high histamine levels; growth is more rapid at high abuse temperatures (>21oC) compared to moderate abuse temperatures (e.g. 7oC). In general, histamine production ceases at 4oC.  Once produced, it is heat stable so thermal processing will not remove it from the flesh. As such it is vital to more carefully control the storage temperature of affected species. 

1.2. Shelf life 

The amount of time that seafood remains palatable is defined as the shelf-life or storage life of the product. The storage life for fish to remain of good eating quality is about half the total storage life. 

Different species have different shelf lives depending on their type, oil levels, catch area, season, intrinsic condition of the seafood and how they have been handled since capture etc. Typically raw shellfish have a shorter storage life than finfish.  The table below summarises published data on the shelf lives of a range of different seafood products, produced using good manufacturing practice from point of capture.

Table 2 - Typical storage life of chilled seafood
	Species 
	Shelf life (days on ice) at 0oC

	
	FAO data
	QIM data

	Marine species
	2 to 24
	

	Cod, haddock
	9 to 15
	15

	Whiting
	7 to 9
	

	Hake
	7 to 15
	

	Bream
	10 to 31
	

	Flounder
	7 to 21
	

	Halibut
	7 to 18
	

	Mackerel*
	21 to 24
	

	Herring (summer)
	4 to 19
	8

	Herring (winter)
	2 to 6
	

	Sardine
	7 to 12
	

	Brill
	
	14

	Deep water shrimp
	
	6

	Salmon - farmed
	
	20

	Fjord shrimp
	
	6

	Peeled shrimp
	
	6**

	Plaice
	
	13

	Pollock
	
	18

	Redfish
	
	18

	Sole
	
	15

	Turbot
	
	13


*subject to seasonal variation depending on fat content

** storage life before peeling

Shelf life is dependent on time and temperature. The following table shows the different shelf-lives for a range of products held at different temperatures and the relative rates of spoilage (RSS) see Table 3. Using the packed cod as an example, the product spoils nearly 2.5 times faster at 5oC compared to 0oC.

Table 3 – Shelf life at different storage temperatures and relative rates of spoilage (assuming 0oC as 1)

	
	0oC
	5oC
	10oC

	
	Shelf life (days)
	RSS
	Shelf life (days)
	RSS
	Shelf life (days)
	RSS

	Crab claws
	10.1
	1
	5.5
	1.8
	2.6
	3.9

	Salmon
	11.8
	1
	8.0
	1.5
	3.0
	3.9

	Sea bream
	32
	1
	--
	--
	8.0
	4.0

	Packed cod
	14
	1
	6
	2.3
	2.3
	4.7


If the shelf-life of a species held at a specific storage temperature is known, predictive models and equations can be used to estimate the shelf-if it is stored at other temperatures. The following table shows the estimated shelf-life and effect of temperature as determined by a predictive spoilage model (i.e. the square root spoilage method). 

Table 4 - estimated shelf-life and effect of temperature as determined by a predictive spoilage model

	Shelf life (days) of product stored in ice at 0oC
	Shelf life at chill temperatures (days)

	
	5oC
	10oC
	15oC

	6
	2.7
	1.5
	1

	10
	4.4
	2.5
	1.6

	14
	6.2
	3.5
	2.2

	18
	8
	4.5
	2.9


1.3. Freshness and eating quality

It is difficult to define ‘quality’ as it means different things to different people. In seafood it can mean anything from freshness, size, appearance, texture etc. It is more useful to use a more specific term, for example freshness quality or eating quality. The freshness quality of seafood is extremely important as it is a measure of the age of the seafood in terms of how long it has been out of water. The eating quality of seafood is an important differentiation because this is of importance to the final consumer. It is usually judged by odour, flavour and texture. 
1.4. Freshness quality measurement

Using the appearance and/or properties of raw seafood enables the freshness quality to be determined i.e. freshness quality measurement.

There are two main ways to determine the freshness quality of seafood; sensory or non-sensory methods. Sensory methods rely on the appearance, odour and texture of the seafood whereas non-sensory methods typically use analytical, chemical, physical or biochemical means. 

Sensory schemes

Several sensory assessment methods have been used in the UK over the past 30 years. These include the Torry Sensory Assessment scheme, the European E-A-B scheme and the Quality Index Method. Although there are variations in how these schemes work, they all rely on using the physical characteristics of raw seafood to determine a score or rating indicating the freshness quality of the seafood. In Torry and QIM the score is used to estimate the ‘days on ice’ of the seafood and (QIM only) estimate the remaining shelf-life.

All the schemes have been developed using seafood that has been produced according to good manufacturing practice (i.e. held in melting ice since capture). This makes it possible to identify seafood that shows atypical characteristics or which appears to have spoiled more quickly than expected, which can be linked to poor practices such as high temperature spoilage, inadequate icing etc. Further information on the different schemes can be made available.
Non-sensory tests
The non-sensory tests to determine the freshness quality of seafood are more complex and varied. The main methods are described in Table 5, although others are available.

Table 5 - Analytical methods to determine seafood freshness

	Method
	Description

	Ammonia
	Bacteria generate small amounts of ammonia, mainly from free amino acids. The amount of ammonia present gives a (not very accurate) indication of extent of spoilage. Determined by chemical or enzymic methods. Presence of ammonia is not an indication of spoilage in non-elasmobranch fish

	Electrical properties
	Electrical properties of fish skin and muscle change over time and probes are used to determine electrical conductivity, resistance etc. Common instrument was the Torrymeter although others are available and commercially used. 

	Histamine
	Certain fish species, notably mackerel and tuna, contain larger quantities of an amino acid called histidine. During spoilage, this is converted to histamine, particularly if the storage temperature rises above 8oC. Levels of histamine provide a guide to spoilage and the potential of the sample for causing Scombroid poisoning. 

	Hypoxanthine
	Adenosine triphosphate (ATP) is broken down over several days by enzymes in fish flesh. Several compounds are produced, the final one being hypoxanthine which increases over time. Measure by enzymic or HPLC methods.

	K value
	Measures the extent of breakdown of ATP. It is the percentage of the initial ATP present at time of fish death that has been converted into other compounds. Determined by HPLC.

	Total volatile bases (TVB), total volatile base nitrogen (TVBN), total volatile nitrogen (TVN)
	Bases or amines form during fish spoilage. The combined total amount of ammonia, dimethylamine and trimethylamine is called the total volatile base content of fish. Each of these, as well as TVBN, is an indicator of spoilage in fresh and lightly preserved seafood.
As the levels increase over time they are used as an estimate of spoilage. Calculated by range of methods but different methods can yield vastly different results. For this reason it is not a good indicator of spoilage unless the method of measurement is also described.
Limits are defined in EC regulation No 2074/2005. However the widely variable levels indicate that off flavours in seafood are not caused by TVBN alone.

	Total viable counts (TVC) or aerobic plate counts (APC)
	Quantify the total number of micro-organisms on the product. Usually measured in colony forming units per gram (cfu/g). However only a small fraction of microorganisms present on seafood are relevant for product spoilage. Consequently TVC’s in seafood correlate poorly with the degree of freshness or remaining shelf-life. TVC is not a good indicator of spoilage, more a measure of hygiene status.

	Specific spoilage organisms (SSO’s)
	When these increase in number they eventually produce the metabolites responsible for off-flavours and product sensory rejection.

There is a close relationship between log numbers of SSO’s and expected remaining shelf-life. The corresponding correlation for TVC should be reasonable when low initial TVC values predominate but less so for higher initial TVC levels.

It is possible to predict shelf-life of seafood based on knowledge about initial numbers and growth of SSO’s. There are 4 specific SSO’s of interest depending on the type of seafood product; Shewanella putrefaciens, Photobacterium phosphoreum, Brochothrix thermosphacta and Lactic acid bacteria. These correlate better with remaining shelf-life than log numbers of TVC.

However, establishment of TVC and SSO limits corresponding to sensorically unacceptable seafood can be difficult as micro-sampling from the skin or product surface results in high TVC levels, compared to samples taken from the flesh. If surface sampling is used, levels of TVC and SSO’s below 107 cfu/g will not usually be appropriate as critical limits.

	Trimethylamine (TMA)
	Most marine fish contain trimethylamine oxide (TMAO). Bacteria break down TMAO into TMA. The concentration of TMA is an indicator of the activity of spoilage in the flesh and thus the degree of spoilage. It is not an indicator of freshness. Determined by chemical methods or gas chromatography.


All these methods of assessing freshness quality provide only an indicator of a particular stage of spoilage or consumer acceptability. For any non-sensory assessment method, the type of analysis should be well understood and the seafood handling procedure known. This helps put the results into context rather than relying on them as a definitive guide to freshness quality. 
For example, in terms of microbiology a rule of thumb used to be that if fish (cod)  have bacteria levels >106 cfu/g there is a good chance that spoilage is well advanced. If the levels are >108 cfu/g the fish may be inedible. However this is a very arbitrary measure as it does not distinguish between total bacteria and spoilage bacteria. A large part of the bacteria present on fish have no role in the spoilage process.  
Table 6 provides a summary of how results of some different methods of freshness quality assessment relate.
Table 6 - Comparison between different freshness measurement methods
	Days in ice1
	Sensory Score2
	Hypoxanthine3
	TMA4
	TVB5
	Torrymeter

	2
	9
	2
	<1
	19
	14

	5
	8
	5
	<1
	20
	13

	8
	7
	9
	2
	22
	11

	11
	6
	14
	5
	27
	10

	14
	5
	21
	11
	37
	8

	17
	4
	30
	24
	56
	6

	20
	3
	43
	45
	85
	4


Key:







1 – days in boxes since caught, well iced

2 – the odour freshness score on the Torry wet fish scale

3 – measured in mg/100g flesh

4 & 5 – measured in mg N/100g flesh

Legal limits for TVB-N are defined in EU law. These are set to provide a quantitative measure for certain types of seafood which are unfit for human consumption. They are designed to be used only when sensory assessment has identified that the seafood has spoiled or in the case of disputes over freshness quality levels. No legal limits exist for other measures of seafood freshness. 
Link to the main Regulation - http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2005:338:0027:0059:EN:PDF This has been amended by additional legislation
Link to the amending legislation – 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:2005R2074:20081028:EN:PDF 
The TVB-N limits as defined in law are;

	Species
	TVB-N limits (mg/100g fish flesh)

	1.  Sebastes spp
	25

	   Sebastichthys capensis
	

	   Helicolenus dactylopterus
	

	2. Species belonging to the Pleuronectidae family (with the exception of halibut: Hippoglossus spp.)
	30

	3. Salmo salar
	35

	   Species belonging to the Merlucciidae family
	

	   Species belonging to the Gadidae family.
	


Different chemical assessment methods for assessing the freshness quality of pre-frozen, thawed seafood are also available. These have been developed to take account of the differences between never frozen and pre-frozen seafood and include; dimethylamine, formaldehyde, peroxide value, thiobarbituric acid value, extractable protein amongst others. These have largely been used for research or enforcement purposes only.
Other non-sensory assessments

There have been a number of projects completed to evaluate the use of image analysis, colour, texture, near infra red spectroscopy, proteomic technologies, eye lens refraction, electronic noses, fish muscle light absorbance (VIS spectroscopy) as well as combinations of these technologies or attributes. Each has their own potential uses but the ideal would be to use combinations of these factors to predict freshness. 
Conclusion
Currently there is no infallible quantitative measure of seafood quality and thus rejection limits.
It would be useful to develop a project to consider more closely some of the tests / measures mentioned in this paper in terms of updating some of the data, building up awareness of the tests and how the results should be used, and consider their potential for use in the UK seafood distribution chain.
In a wider sense, there is a requirement for further study on the growth of micro-organisms in seafood, on seafood spoilage reactions and on spoilage domains of specific spoilage organisms.
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