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Summary 
 
 
This is a report on techniques applicable to verify information regarding:  
 

• Discrimination of farmed from wild fish 
• Identification of geographic origin 
• Verification of the content in some bioactive components and 
• Verification of some processing conditions 

 
The report is divided in two parts: Part A is a "State of the Art" review on the different types of 
information to verify, and Part B describes some of the most relevant techniques, equipment necessary 
and their advantages and drawbacks.  

Farmed from wild Atlantic salmon have been discriminated based on the fact that the fatty profile of 
their storage lipids reflects the composition of the feed and that artificial diets have a higher amount of 
total fat and of typical vegetable oils than natural diets, which are small fish and pelagic fish. Techniques 
used to obtain information about the fat content and composition are gas chromatography and nuclear 
magnetic resonance analyses. No systematic studies have been carried out yet on other cultivated species 
or on lean species. There are not officially recognized standard methods to ensure the production method. 

Research into developing methods to identify the geographic origin of fish lags behind even more. 
No officially recognized methods exist. Among the methods examined, isotope signatures analyzed by 
isotope ratio mass spectrometry seem to be the most promising. 

The content of some bioactive components - marine oils, taurine, betaine and anserine - may be 
examined by the classical chromatographic methods (gas chromatography and high performance liquid 
chromatography respectively) and by 1H and 13C nuclear magnetic resonance spectrometry. The former 
are cheaper and standard in many laboratories while the latter are newer and more expensive but also 
require simpler sample preparation and render more additional and relevant information: for example the 
origin of the oils and presence of additional compounds. The versatility and amount of information that it 
is possible to obtain from the nuclear magnetic resonance techniques is starting to find application in 
many aspects of food manufacture (composition, control safety etc.) and it is likely that they will 
eventually become standard analyses. 

Regarding the verification of some processing conditions, there are no methods developed or under 
examination to determine how a product has been salted or dried. Several methods can be used to 
differentiate frozen-thawed from fresh unfrozen fish, but the distinction is more difficult when one has to 
differentiate thawed from old-not frozen fish. The easiest to discriminate are species that form DMA upon 
freezing, i.e., gadoids. Methods to detect DMA are high performance liquid chromatography and nuclear 
magnetic resonance spectrometry. Methods used to identify the heating temperature are based on the fact 
that proteins suffer conformational changes and loose their solubility and enzymatic activity when the 
temperature increases. Methods that detect these alterations are: differential scanning calorimetry 
(indication that the transition temperature has been reached), protein solubility and enzymatic activity. 
However, protein denaturation and loss of enzymatic activity may occur as a result of many treatments: 
salting, loss of freshness, freezing, etc. and therefore the history of the fish should be known to estimate 
the heating temperature by the mentioned methods. Also, the type of species (cold or warm adapted, 
resiliency, etc.) has to be taken into account to select an optimal method to determine the heating 
temperature. No standard method exists yet. 
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Abbreviations 
 
2DE  Two-dimensional electrophoresis 
DESIR  Dry extract spectroscopy by infrared reflection  
DHA  Docosahexaenoic acid: C226n-3 (an ω-3 fatty acid) 
DMA  dimethylamine 
DNA  Deoxirobonucleic acid  
DSC  Differential scanning calorimetry 
EPA  Eicosapentaenoic acid,: C205n-3 an ω-3 fatty acid) 
FA  Fatty acid 
FAME  Fatty acid methyl ester 
FID  Free induction decay 
FT  Fourier transform 
GC  Gas chromatography 
HPLC  High performance liquid chromotography 
ICP-MS Induction coupled plasma mass spectrometry  
IEF  Isoelectric focusing 
IRMS  Isotope ratio mass spectrometry 
MRI  Magnetic resonance imaging 
NIR  Near infrared spectroscopy 
NMR  Nuclear magnetic resonance 
PAGE  Polyacrylamide gel electrophoresis  
PCBs   Polychlorinated biphenyls 
PCR  Polymerase chain reaction 
PUFA  Polyunsaturated fatty acid 
RAPD  Random amplification of polymorphic DNA 
RFLP   Restriction fragment length polymorphism 
SDS  Sodium dodecyl sulphate 
SDS-PAGE Sodium dodecyl sulphate polyacrylamide gel electrophoresis  
SNIF  Site-specific natural isotope fractionation 
SSCP  Single strand conformation polymorphism 
TCA  Trichloracetic acid 
TMA  Trimethylamine  
TMAO  Trimethylamine oxide 
TMS  Tetramethylsilane 
TSP  Trimethylsilypropionate 
uv  Ultra violet 
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A-1. Discrimination of farmed from wild fish 
The EU Commission regulation No 2065/2001 of 22 October 2001 has laid down detailed rules 
for the application of Council Regulation (EC) No 104/2000 as regards informing consumers 
about fishery and aquaculture products. The information includes specification of the 
commercial designation and scientific name, method of production of a species ("caught" or 
"caught in freshwater" or "farmed" or "cultivated") and the area in which it was caught. In the 
case of cultivated species, article 5 of the regulation indicates that a reference should be made to 
the country in which the product undergoes the final developmental stage. 
 
Within the last 10-15 years, aquaculture has become a major commercial activity in the world. 
European countries farming Atlantic salmon (Salmo salar) include Norway, Ireland, Scotland, 
but Atlantic salmon is also farmed at least in Chile, Canada and Tasmania. Farmed and wild 
Atlantic salmon have different prices, wild salmon being most expensive, followed by 
organically farmed salmon and then traditionally farmed fish, the cheapest. The location where 
the fish is fished or farmed is also important since some areas are considered to be "clean" and 
others "polluted", specially regarding the content of environmental pollutants in the fish [Foran 
et al., 2004; Hites et al., 2004; Jacobs et al., 2002; Madeniian et al., 2002] and because some 
consumer favour and are willing to pay higher prices, for fish from certain regions. 
 
Correct identification and labelling of fish as farmed or wild is also of relevance for the 
authorities in order to protect wild and endangered stocks. For example in the case of Atlantic 
salmon, farmed salmon may escape and be captured by fishermen that would consider it wild, 
and price it accordingly with the consequent misinformation to customers. Mapping of the 
extent of escaped salmon is important, in addition to the issue of consumer protection, to protect 
wild populations: escaped salmon is considered at present a high risk regarding the 
contamination of the genetic stocks of wild populations that may then disappear as such. Also, 
many populations of wild Atlantic salmon are severely endangered and therefore they must not 
be found available for consumption. 
 
In the case of cod (Gadus morhua) the situation is similar: some wild populations are protected 
due to overexploitation and therefore, unless illegal captures have occurred, they must not be 
found as available for human consumption. On the other hand, farming of cod is relatively new 
and as of now not as successful as the farming of salmon: deformations, a greyish flesh color 
[Luten et al., 2002] and abnormal features in the fillet (such as what looks like black small 
veins) [Cooper and Midling, 2004] are still common, although it is to be expected that technical 
improvements and a deeper knowledge of the fish biology and physiology will help to 
overcome these problems in the near future. There is however an "intermediate" type of cod: 
wild caught cod that is kept alive, i.e. farmed for a period of time until it is convenient to 
slaughter it, for example due to free slaughtering and processing capacity. Luten et al. [2002] 
found that consumers gave similar quality profiles to wild cod and to wild caught farmed cod, 
although the composition of the wild caught farmed specimens is affected by the composition 
and amount of feed received. 
 
Genetic contamination of wild stocks with escaped farmed cod is not yet considered a risk, but 
it will when farming takes over, specially if the wild stocks are still reduced to low numbers. 
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1.1 Morphological analyses 
There are no official guidelines to differentiate farmed from wild cod or salmon based on 
morphological characters, although there are some general aspects that may be used to 
differentiate farmed from wild salmon and cod. 
 
Morphological abnormalities, such as spinal deformities, are known to occur frequently in many 
species of intensively reared fish [see Doulas et al., 1991; Fraser et al., 2004 and references 
therein], including salmonids [Dabrowski et al., 1990; Toften and Jobling, 1996 and references 
therein]. Farmed cod specimens also show morphological deformities. 
 
Color is also a variable that may be used to differentiate farmed from wild fish. The diets of 
farmed Atlantic salmon are formulated to yield a nice bright pinkish-redish color, while wild 
specimens may vary in color according to their diet. Wild salmon is usually caught when 
migrating back to the rivers for spawning and may display in higher or lower degree the 
morphological characters associated to sexual maturation: deformation of the jaw, stronger red 
pigmentation of the skin, and muscle depletion (low fat content, due to the effort of migration). 
Farmed salmon on the hand is selected to reach a commercially interesting size (4-5 kg) in the 
shortest possible time and with no display of signs of sexual maturation. Individuals that display 
such characters associated to fast growth are eliminated from the production and certainly from 
the line of breeders. 
 
Farming of cod is relatively new compared to farming of other species and therefore the farming 
conditions have not been optimized yet, which permits at present to differentiate farmed from 
wild cod. Farmed Atlantic cod has a body morphology different from wild-captured cod. The 
most prominent differences are the higher condition factor, larger liver and smaller head 
[Gildberg, 2004 and references therein] as well as backbone malformations in farmed 
specimens. Farmed, but not wild, cod often present as well unattractive black lines in the fillet 
due to deposition of melanin in muscle and blood vessels. Cooper and Midling [2004] have 
examined the role of tyrosinase on these melanin depositions without finding a clear answer. 
The flesh of farmed cod presents a translucent greyish aspect, in contrast to the white opaque 
color of the wild. Farmed cod flesh also has a higher water content and is less firm than the 
flesh of wild cod. Finally the liver in farmed cod is much bigger than the liver of wild fish 
[Jobling, 1988].  
 
Part of the farming success consists in reaching a high survival rate from fertilization of eggs 
until the fish reaches a commercially interesting size. In nature, however, most of the eggs 
would not reach maturity. Farming is therefore permitting the survival of fish that would 
otherwise be selected for destruction, for example if they had abnormal development. It is not 
known yet whether some of the malformations noticed in farmed cod are because the fish is a 
carrier of genetic malformations or because the farming conditions are not optimized, for 
example by selecting the correct photoperiod, temperature, exercise regime and physical 
characteristics of the feed and chemical composition of the diet.  

1.2 Individual tagging of fish 
Individual tagging of fish would be optimal to differentiate farmed from wild fish and to 
identify the farm where the fish were bred. There are several types of tags commercially 
available manufactured using different technologies that may carry variable amounts of 
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information. Unfortunately, the process of tagging itself implies extra costs to the breeder, and 
when escaped fish is identified, the farmers received very high penalty fees. Therefore  
implement of this type of technology is not extremely popular. The situation would be reversed 
in fish from some particular farm or region could achieve higher market prices, which may be 
the case in some European regions, such as Scotland and France. 

1.3 Genetic analyses 
Genetic analysis have traditionally been based in the analyses of proteins and more recently of 
the DNA [Hoelzel, 1992]. Doyle et al. [1991] proposed that the genetic diversity of 
aquacultured stocks of fish should be maintained and their genetic impact on wild stocks 
minimized by using breeding programs designed to generate genetic diversity. If this policy had 
been followed it would be relatively difficult to find markers for wild and farmed fish, since 
diversity would be one of the selected traits in the farmed fish. However, in most breeding 
programs the fish are indeed selected based on commercially interesting traits such as growth 
performance [Friars et al, 1995; Herbinger et al., 1999] and resistance to diseases or to stress 
[Fevolden et al., 2003]. Moreover, in the later years research has been carried out to find genetic 
markers, usually DNA markers, for traits of interest. Indeed, effort is being invested in mapping 
the whole genome of salmon and cod with the intention of optimizing the farming of these 
species.  
 
Analysis of protein isoforms also has the potential to generate genetic markers. In addition to 
some of the very polymorphic enzymes commonly used for population genetic analyses 
[Hoelzel, 1992; Manchenko, 1994], many proteins, including most or all myofibrillar proteins 
are present as isoforms. In particular the isoforms of the myosin light chains are very 
polymorphic and they can be used to identify the species and tissue [Martinez et al., 
1991;1990a, 1990b] as well as the breeding stock [Martinez and Christiansen, 1994; Martinez et 
al., 1990c] and the developmental-stage [Martinez et al., 1991]. 
 
It is theoretically possible to differentiate wild from farmed fish based on these markers with a 
relatively high probability of making correct classifications. However, this requires that the 
markers should be identified and collected in a database to which the public or at least some 
laboratories should have access. Such databases are not currently available and need to be 
constructed. 

1.4 Analyses of the fat content  
The proportion of body fat in storage compartments in fish correlates with the total amount of 
fat in the feed and the fatty acid profile of the storage fat (triacylglycerols) reflects the fatty acid 
composition of the diet [Henderson, 1996; Jobling, 1994, 2004; Jobling et al., 2002; Tocher et 
al., 2000; Watabe, 1982]. Conventionally farmed Atlantic salmon has a fat content of up to 
20%, while in wild specimens it varies from 4-10%. 
 
Diets used for intensive aquaculture have been mainly based on the use of fish meal and oils. 
This imposes a serious risk to the world fisheries specially that of pelagic fisheries [Naylor et 
al., 2000] most of which have already reached sustainable limits or are already overexploited 
and endangered [Sargent and Tacon, 1999]. Therefore, there is great interest in the development 
of synthetic diets where fish oils and meal are substituted by vegetable oils [Bell et al., 
2002,2003; Kaushik et al., 2004; Mooney et al. 2002; Nichols et al., 2002; Watanabe et al., 
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1999] and proteins [Burel et al., 2000; Carter and Hauler, 2000; Gomes et al., 1995a,b; Kaushik 
et al., 1995]. An additional reason to use vegetable oils to substitute fish oils is the possibility to 
reduce the load of toxic dioxins (is a generic term given to polychlorinated dibenzo-p-dioxins 
and dibenzofurans) and PCBs (polychlorinated biphenyls) and PCB-like compounds [Bell el et 
al., 2005]. PCBs and dioxins are biomagnified as they progress through the food chain, 
concentrating in the fatty tissues of land animals and fish, thus fish oils should be submitted to 
an additional purification step to eliminate these compounds and make them safer.  
 
Changes in the amount and composition of the feeds are reflected in the amount of storage fat 
and its fatty acid profile [Mooney et al., 2002; Nichols et al., 2002]. Thus, while the fatty acid 
profile in wild fish will be dictated by the composition of the natural prey [Jobling, 2004 and 
references therein], farmed fish will reflect the vegetable and fish oils contained in the feed. 
Accordingly, the fatty acid profile in the storage tissue, which is muscle in salmonids but liver 
in cod [Jobling, 1988] may be used as a marker to distinguish between farmed and wild fish 
[Aursand and Axelson, 2001; Aursand et al., 1994a,2000,2004; Igarashi et al., 2002; Bell et al., 
2002; Villarreal et al., 1994]. Fatty acid profiling has also been proposed as a forensic tool for 
conservation biologists and law enforcement officials to distinguish cultured red drums from 
illegally marketed wild red drums [Villarreal et al., 1994]. 
 
The fatty acid profile of the polar lipids (phospholipids), which are the main constituents of 
membranes, does not resemble so closely the composition of the feed [Lie et al., 1986; dos 
Santos et al., 1993] and it has been successfully used to identify the species in canned tuna 
[Medina et al, 1997]. Fatty acid profiling of several tissues has also proved useful to 
differentiate among several species of Sebastes [Joensen and Grahl-Nielsen, 2000,2001]. 
 
Robin et al. [2003] and Jobling [2004] have shown that a dilution model could be used to 
describe the changes in the fatty acid profiles of Atlantic salmon muscle following a change in 
the dietary fatty acid source and composition. Studies in cod [Morais et al., 2001] indicate that 
the fatty acid composition of the feed is mainly reflected in the fatty acid profile of the liver in 
this species, although the fatty acid profile of muscle is also altered. The practical application of 
the model is the prediction of fatty acid profiles within the fillet in salmon and the liver in cod 
following a dietary shift.  
 
The fatty acid profile will also indicate the production method (wild, farmed, organic) and give 
an indication of the natural-to-artificial feed ratio used. Artificial feeds usually have a higher 
content of typically vegetable oils (C18:2n6, C18:1n9), at the expense of the typical fish oils 
(C22:6n3, C20:5n3, C20:1n9 and C22:1) which should be the main constituent for wild and 
organically farmed fish. Analyses of the fat content and composition are therefore necessary to 
verify claims of ecologically produced fish.  
 
There are several methods suitable to estimate total fat and fatty acid profiles, including GC, 
NMR and non-destructive methods such as low field NMR and NIR, but the correct 
classification of samples demands the construction of databases containing information from 
authentic samples from wild, conventionally and ecologically farmed specimens for each fish 
species. 
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Recently, the total amount of omega-3 fatty acids and the content of DHA has been estimated 
by 1H NMR spectroscopy and this method gave values comparable to those obtained by GC or 
13C MR [Aursand et al., 1994b Sacchi et al., 1993]. The analysis can be carried out with a high 
degree of automation and with short acquisition times (2-5 min). Additional relevant 
information, however, such as the identification and quantification of individual fatty acids, 
total saturated, mono- and polyunsaturated fatty acids, omega-3 and omega-6 and the 
preferential positional distribution of 20:5, 22:5 and 22:6 in triacylglycerols does require 13C 
NMR analyses [Aursand et al., 1994b]. 2H and 13C NMR isotope ratios have also been used to 
differentiate wild from farmed Atlantic salmon [Aursand et al., 2000; Aursand and Axelson, 
2000] and 1H and 2H NMR spectroscopy to discriminate between essential fatty acids of plant 
and animal origin [Aursand et al., 1997]. 
 
Finally, an estimation of whether a fish has been farmed or wild may also be made by 
measuring its total fat content. This estimation may be invalid in the case the fish was originally 
farmed but escaped (it will show a low fat content) or in the case of organically farmed fish, that 
should resemble the fat content and profile of wild individuals. 

1.5 Analyses of the protein/enzyme profiles in some tissues  
As already mentioned, fish feeds are being developed that contain protein of vegetable origin to 
substitute fish meal proteins [Burel et al., 2000; Carter and Hauler, 2000; Gomes et al., 1995a,b; 
Kaushik et al., 1995]. The source of protein is very important because most teleost fish species 
are adapted to use protein as a preferred energy source over carbohydrate, and thus require high 
levels of dietary protein (30–60%) [Cowey, 1995]. The essential amino acid requirements of 
fish correlate well with the amino acid composition of the whole animal and to a certain extent 
that of the muscle tissue alone [Mambrini and Kaushik, 1995; Wilson and Cowey, 1985]. The 
use of plant proteins in feed diet formulations requires the supplementation with synthetic 
amino acids, because the amino acid profiles of plant proteins do not meet the essential amino 
acid requirements of fish [Krogdahl et al., 1994]. Also, plant ingredients contain different 
antinutritional factors of different nature and at different concentrations having adverse effects 
in fish [Francis et al., 2001; Krogdahl et al., 1994; Moyano et al., 1991; Vielma et al., 
2002,2002].  
 
Martin et al., [2003] used a proteomics approach to study the protein profiles of livers of 
rainbow trout that have been fed diets containing different proportions of plant -soy- ingredients 
and found that growth rates of fish were not altered by the dietary treatments, although protein 
consumption was greater for fish fed diets with higher amounts of soy protein. Their work led to 
the identification of 33 proteins including heat shock proteins, enzymes, fatty acid binding 
proteins and structural proteins that were differentially expressed between the livers of fish fed 
diets with lower and higher amount of soy protein. Two structural proteins, keratin II and 
tubulin, were down-regulated in fish fed the diet higher in soy protein; reflecting the animals' 
increased requirement for energy metabolism and thus, less energy available to synthesis of 
structural proteins, when fed the diet high in soy protein. Several heat shock proteins (HSPs) 
were down-regulated in fish fed the diet high in soy protein which may impair the ability to 
grow efficiently in these fish. Also several enzymes involved in anabolic metabolism, such as 
phosphogluconate dehydrogenase, pyruvate kinase, adenosylhomocysteinase and 
hypoxanthine–guanine phosphoribosyltransferase were down-regulated in fish fed the diet rich 
in soybean meal, which reflects the increased emphases on catabolism relative to anabolism in 
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the fish fed this diet. Aldolase B protein was increased in abundance in the fish fed the diet rich 
in soy, which is most likely a reflection of increased metabolism and general turnover of 
proteins that is occurring in the fish fed this diet and energy demand in these fish. The most 
likely reason for altered metabolism was considered to be the co-purification of soy protein with 
vegetal antinutritional factors such as phytoestrogens, antigenic agents and many other 
compounds such as phorbol esters. Similar diverse alterations in gene expression have been 
shown in rats fed soy protein extracts [Iqbal et al., 2002].  
 
The conclusion of this work is that a proteomics analysis of certain tissues of the fish can be 
used to estimate the ingestion of artificial feeds, an indication that the fish had been farmed and 
are not wild. This approach has therefore the potential to discriminate as well between 
organically and intensively farmed fish. In order to apply it systematically to discriminate 
farmed from wild fish, one would have to map first the changes provoked by the actual diets 
used, and identify the differentially expressed proteins. Once the proteins are identified, it is 
possible to simplify the analysis by targeting only those proteins, so that it would be possible to 
perform immunological tests, which are easier to perform, and many of them can be made semi-
quantitative and in a portable format.  
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A-2. Identification of the geographic origin 
For certain foodstuffs (cheese, wines, ham) it is common to be described, or named, according 
to the particular region where they come from, and very often this description goes hand in hand 
with an expected quality and price. European legislation has been developed for the protection 
of geographical indications and designations of origin for agricultural produces and foodstuffs 
(EC No 2081/92). Analytical tests to determine the region of origin have been established for 
wines: 2H SNIF1 NMR is the official EU method to identify the origin of wines and detect 
falsifications (Official Journal of the European Communities (1990) Vol. 33, L272.). An 
integrated project financed by the EU is currently aiming at developing and standardizing 
analytical methods to confirm the geographical origin of several foodstuffs but not fish. Salmon 
was the subject of the recently finished research project COFAWS: Confirmation of the origin 
of farmed and wild salmon and other fish. Project GRD2-2000-31813. 
 
The European legislation establishes that the FAO area (Table 1) in which wild fish was caught 
should be part of the information available to consumers [EC regulation No 2065/2001 of 22 
October 2001]. The FAO areas are wide regions and very often marketing is made based on a 
narrower and even local area where the fish comes from, because consumers usually appreciate 
more and are willing to pay higher prices for their local products.  
 
 

Table 1. Catch area and identification of the area. [Commission Regulation (EC) No 2065/2001 
of 22 October 2001 Laying down detailed rules for the application of Council Regulation (EC) 
No 104/2000 as regards informing consumers about fishery and aquaculture products. Published 
in the Official Journal of the European Communities. Date: 23.10.2001. Pages: L278/6 to 
L278/8)] 
 

Catch area Identification of area (1) 

North-West Atlantic 
North-East Atlantic(2) 
Baltic Sea 
Central-Western Atlantic 
Central-Eastern Atlantic 
South-West Atlantic 
South-East Atlantic 
Mediterranean Sea 
Black Sea 
Indian Ocean 
Pacific Ocean 
Antartic 

FAO area 21 
FAO area 27 
FAO area 27.IIId 
FAO area 31 
FAO area 34 
FAO area 41 
FAO area 47 
FAO area 37.1, 37.2 and 37.3 
FAO area 37.4 
FAO area 51 and 57 
FAO area 61, 67, 71, 77, 81 and 87 
FAO area 48,58 and 88 

(1) FAO yearbook. Fishery Statistics. Catches. Vol. 86/1. 2000 
(2) Excluding the Baltic Sea 

 
 
 
Another reason to establish methods to confirm the geographic origin lays in the quality, or 
toxicity of the fish. Fish may be marketed according to how pristine and unpolluted the farming 
region is perceived by the customers. Reports indicating high levels of environmental pollutants 
(lead, cadmium, dioxins or PCBs) in certain areas and lack of toxic compounds in others [Hites 
et al., 2004] may make the customers even more aware and demand more accurate information 
about the geographic origin of fish. It is evident that as long as there are no methods to 
                                       
1 SNIF: Site-specific natural isotope fractionation 
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demonstrate the geographic origin, false labels will be found in the markets offering fish from 
less attractive areas labelled as their more expensive counterpart. 

2.1 Genetic analyses 
Genetic analyses are useful to discriminate geographic origin of fish as long as different 
populations may be discriminated by these analyses and also segregate in space. As already 
mentioned, traditional genetic studies are based on the analysis of isoenzymes and more recently 
on the DNA [Hoelzel, 1992]. In the case of cod it is important to discriminate fish from 
protected endangered regions (Northwest Atlantic, the Baltic) and that from Barents and the 
Norwegian coastal fisheries. But it is the fish from Lofoten the one with the highest reputation 
and price. Fevolden and Pogson [Fevolden and Pogson, 1997; Pogson and Fevolden, 1998] 
showed profound allele frequency differences at the pantophysin (PanI) between coastal and 
north-east Arctic populations of cod (“skrei”) in northern Norway. However, whereas the 
divergence between coastal and north-east Arctic populations is indisputable there may be less 
variation between Norwegian and Icelandic cod at this locus. Other markers like microsatellites 
are presently being used to discriminate those stocks. 
 
Using RAPD fingerprinting, we have been able to find genetic markers to discriminate minke 
whales captured in the Atlantic from those captured in the Pacific [Martinez and Pastene 1999], 
but not between different areas in the Northeast and central Atlantic [Martinez et al., 1999], 
although probably the use of more primers would eventually have produced population-specific 
primers. However, in migratory species such as the minke whale, it is possible that different 
populations can be found in a given area at different periods of the year [Pastene et al., 2003], 
so the genetic stock would not indicate the geographic origin unless also the date of capture was 
known.  
 
In any case, the usually high gene-flow between populations in highly abundant and widely 
distributed marine fish species [Waples 1998; Ward et al., 1994] makes it difficult to find 
genetic markers to unequivocally identify the breeding stock as well as the geographic origin. 

2.2 Analyses of the protein/enzyme profiles in some organs 
As is the case for DNA analysis, proteins can be used as markers for the geographic origin when 
the protein expression is genetically determined and different allozymes are expressed in 
different stocks and different locations which is the classical approach used in population 
genetic studies [Drengstig et al., 2000; Galand and Fevolden, 2000; May, 1992, Mork and 
Giæver, 1999]. In addition, we found that the structural myofibrilar proteins called myosin light 
chains have the potential to serve as genetic markers in the herring [Martinez et al., 1990c] and 
the Arctic charr [Martinez and Christiansen, 1994]. 
 
Protein expression can also be used as indicator of geographic origin in those cases where 
certain compounds in the environment impose a stress on the organism that forces the 
expression of certain proteins. Novel applications of proteomics such as the characterization of 
changes induced in alive organisms by environmental pollutants add new possibilities to using 
this set of techniques to ensuring correctly labelled and safe seafood. Thus, several works 
[Rodriguez-Ortega, 2003; Rodriguez-Ortega et al., 2003; Shepard and Bradley 2000; Shepard et 
al, 2000; Olsson et al., [2004] have identified protein markers in molluscs that can be used as 
indicators of the type and level of pollutant in the environment in which these organisms are 

 10



 

                  SeafoodPlus. Project 6. 3. 2. Deliverable 6. 
                      Iciar Martinez, SINTEF Fisheries and Aquaculture Ltd. April, 2005. 

reared. These findings may help to identify the origin, if it is a polluted region, and to ensure 
that only specimens coming from clean areas reach the consumers. 
 
There are yet no validated techniques in this group that can be systematically applied to identify 
the geographic origin, or the pollutants in the environment. These works are at the research 
stadium. 

2.3 Analyses of fat and oils 
The composition of fatty acids in the lipids of selected fish tissues appears to be population 
dependent in some species. Thus as for genetic analysis, they can also be of value to identify the 
geographic origin when the populations discriminated by these analyses also segregate in space. 
Fatty acid profiling of heart tissue by gas chromatography permitted the differentiation among 
populations of herring [Grahl-Nielsen and Ulvund, 1990] and red fish [Joensen and Grahl-
Nielsen, 2004] in the Atlantic, striped bass stocks in American rivers [Grahl-Nielsen and 
Mjaavatten, 1992] and to between two stocks of cod reared under identical conditions on the 
Faroe Islands [Joensen et al., 2000]. The method has been included in the ICES Stock 
Identification Methodology [Grahl-Nielsen, 1997]. As previously mentioned, fatty acid 
profiling of several tissues has also proved useful to differentiate among several species of 
Sebastes [Joensen and Grahl-Nielsen, 2000,2001] for which protein [Nedreaas and Nævdal, 
1991a,b; Nedreaas et al., 1994; Rehbein 1983] and DNA analyses [Roques et al., 1999a,b; 
Sundt and Johansen, 1998; Danielsdottir, 1998] did not render clear cut results.  
 
The reports by Mooney et al. [2002] and Nichols et al. [2002] give the fatty acid composition of 
several Australian seafood, including that of Atlantic salmon, a species native of the Atlantic 
introduced in Tasmania some years ago. Comparison of the fatty acid profiles of oils from 
Atlantic salmon from different locations in the Atlantic and the Pacific permitted the 
identification of the origin, in our opinion reflecting that of the feed available at different 
locations [Aursand et al., 2004]. 
 

1H and 13C NMR spectroscopic studies of lipid extracts of muscles and industrial fish oils have 
proved effective at providing a fingerprint of the specific lipids and oils, including fatty acid 
composition, lipid classess and the positional distribution of mono-, di- and polyunsaturated 
fatty acids in the triacylglycerides. The latter parameter seems to be unique for each species and 
therefore of potential value for species identification [Aursand et al., 1995a,b]. In addition, the 
water contained in the muscle tissue of fish reflects the aqueous environment in which the fish 
has been harvested. The two isotopic parameters that can be determined 2H and 18O NMR, seem 
to be strong candidates as indicators of the geographical origin of harvest. There are however, 
no standardized official methods to verify the geographic origin of fish, which has been one of 
the aims of the European project COFAWS (EC, DG RTD, Measurements and Testing, contract 
number G6RTD-CT-2001-00512), namely to develop methods for the authentication of the 
origin of salmon and salmon based products and oils. The five partners in the project tested the 
suitability of a series of analytical techniques including 1H-NMR, 2H-NMR; 13C-NMR; 13C-
IRMS; 18O-IRMS, GC and GC-IRMS. Rezzi et al. [2003] were able to discriminate the 
geographic origin (Scotland., Iceland, Norway) of oils obtained from farmed Atlantic salmon 
using 1H-NMR. The results of this project have not been published yet. 

 11



 

                  SeafoodPlus. Project 6. 3. 2. Deliverable 6. 
                      Iciar Martinez, SINTEF Fisheries and Aquaculture Ltd. April, 2005. 

2.4 Stable isotope analysis: NMR 
Stable isotope analyses is considered to be an excellent tool for origin assesment: the ratio 
13C/12C gives straightforward responses concerning the primary photosynthetic metabolism of 
plant products [O’Leary, 1981], and the ratios of the stable isotopes of oxygen (16O/18O) and 
hydrogen (2H/1H) are good indicators of environmental conditions [Ziegler, et al., 1976]. The 
two main techniques used to determine the isotope ratios of natural products are isotope ratio 
mass spectrometry (IRMS) and site-specific natural isotope fractionation studied by nuclear 
magnetic resonance (SNIF-NMR). IRMS has the advantage over NMR that all except 12 
elements can analyzed by the technique.  
 
Regarding the analyses of hydrogen isotopes, NMR has the advantage over IRMS that the 
natural abundance of 2H isotopomers may be precisely and accurately quantified by SNIF-NMR 
[Martin and Martin, 1991], whereas IRMS only gives a mean value of the deuterium content of 
a given chemical species. In the 1980´s, Site-specific Natural Isotope Fractionation (SNIF) 
NMR was applied to detect adulteration of wine [Martin and Martin 1988,1991; Martin et al. 
1988] and today this method has been adopted as an official European method for 
authentication of wine [Official Journal of the European Communities, 1990] and an AOAC 
approved technique for control of sugar addition in fruit juices [Martin et al., 1996]. 
 
Significant differences have been found in the non-statistical distribution of 2H analysed by 
NMR, that can be used to detect Atlantic salmon from different sources [Aparicio et al., 1998, 
Aursand and Axelson, 2001; Aursand et al., 1995a,2000]. Also the “fingerprint” that results 
from the chemical shift position and peak height of 13C NMR spectra of lipids has been used to 
identify the species and origin of purified marine oils [Aursand et al. 1995a,b]. Using GC, 
IRMS, and high-resolution 2H SNIF-NMR spectroscopy to study different kinds of fish oils and 
lipids extracted from muscle of wild (Norway) and farmed (Norway and Scotland) salmon it 
was possible to correctly classify all samples [Aursand et al., 2000]. Interestingly, while 
Norwegian and Scottish farmed salmon were clearly differentiated, there was no significant 
difference between the (2H/1H)tot isotope ratios of feeds from Norway and Scotland although 
the feeds were correctly assigned to their corresponding fish group, i.e., Norwegian or Scottish. 
Therefore the differentiation between farmed salmon from Norway and Scotland does not seem 
to be directly related to the composition of the feed-stuffs, it may mainly depends on the 2H 
distribution in the fatty acids. On the other hand, the authors were not able to attribute the 
differences observed between farmed and wild salmon to the diet (the wild diet being unknown) 
and concluded that differences in the biological activity of farmed and wild fish might be called 
upon and considered as a factor with discriminator value between the two groups [Aursand et 
al. 2000]. 

2.5 Stable isotope analysis by IRMS or trace element signature analyses 
As mentioned above, IRMS has the advantage over NMR that all except 12 elements can be 
analyzed by the technique. Trace element signatures can then be used to identify the 
geographical provenance of a sample because organisms accumulate in their tissues, from the 
water, food and air, the elements available from the environment where they live. Differences in 
the isotope distributions of the trace element among different geographical locations gives a 
different “signature” of isotopes in the organism. This has been used to distinguish between 
Atlantic and Mediterranean tuna [Secor et al., 2002], different spawning aggregations of cod 
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[Campana et al.,2002] and salmon parr from 14 rivers feeding into the Trondheimsfjord in 
Norway [Lierhagen, unpublished results, Norwegian Institute for Nature Research, Trondheim].  
 
Otolith microconstituent analysis has been applied recently to study stock structure [Campana et 
al., 1994,1995; Edmonds et al., 1989; Proctor et al., 1995] and migration rates [Secor, 1992; 
Secor and Piccoli, 1996] in a variety of fish species. The premise of this approach is that trace 
elements are incorporated into otoliths in direct proportion to their availability in surrounding 
water or food. Few laboratory experiments have been conducted to verify the assumption that 
otoliths can record environmental histories, but such studies have supported this assumption for 
uptake of strontium [Farrell and Campana, 1996; Fowler et al., 1995; Limburg, 1995; Secor et 
al., 1995;]. Physiological factors, temperature, and genetics may also affect the uptake of 
specific elements into otoliths [Kalish, 1989; Thresher et al., 1994].  
 
In a study of bluefin tuna to differentiate fish from the Atlantic and the Mediterranean, larvae or 
young-of-the-year exposed to either the Gulf of Mexico or Mediterranean waters were expected 
to incorporate different mixtures of elements into their otoliths [Secor and Zdanowicz, 1998]. 
The authors found that the analyses of microconstituents measured in whole otoliths of juvenile 
northern bluefin tuna (Thunnus thynnus) from the Mediterranean Sea and western Pacific Ocean 
analyzed by inductively coupled plasma mass spectrometry and multivariate statistical analysis 
showed clear separation between the two groups and that sodium (Na), magnesium (Mg), 
manganese (Mn), and zinc (Zn) were most useful in differentiating Mediterranean and Pacific 
samples [Secor and Zdanowicz, 1998]. Most of these works are based on the analyses of 
otholites and/or scales [Campana, 1999; Campana and Thorrold, 2001], but Born et al., [2003] 
have recently shown the approach is also valid when applied to soft tissues: their study 
determined regional variations in long-term elemental diagnostics of stock differences among 
159 minke whales harvested in West Greenland, the Northeast Atlantic Ocean and the North 
Sea in 1998 and the diagnostics tested included mercury (Hg), selenium (Se) and cadmium 
(Cd), 15N and 13C and stable lead (Pb) isotope ratios in muscle liver and kidney and the trace and 
major element composition of baleen.  
 
Hobson has recently published a review illustrating the use of stable isotopes, primarily δ13C; 
δ15N; δ34S; δ2H and δ87S; to trace nutritional origin and migration in terrestrial and aquatic 
animals and in bats.  
 
There are yet no officially recognized, standard or validated methods to identify the geographic 
origin of fish. 
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A-3. Content of some bioactive components 
The reason to include the content of some selected bioactive "nutritious" components is because 
seafood may be marketed based on these components. In particular the content in marine 
polyunsaturated fatty acids (PUFAs), specially docosahexaenoic acid (DHA) and 
eicosapentaenoic acid (EPA), are the basis for certain classical products such as cod liver oil and 
the more modern "nutraceuticals", such as capsules containing fish oils. Frauds regarding 
inconsistencies between the species declared and the content as well as the quality of the oils in 
the capsules have been noted by several research works, although none have been published. 
The authorities need standard procedures suitable for this type of analysis that can be used to 
detect frauds and stop fraudulent and health-damaging compounds (oxidized and polymerized 
fats) form reaching the consumers. 

3.1 Polyunsaturated fatty acids 
The nutritional benefits of fish and fish oils were first suspected and later confirmed in the early 
70's by Bang and Dyerberg as a result of their comparative studies on the morbidity of 
cardiovascular diseases among Greenland Eskimos and Danish inhabitants in Greenland whose 
diets were very different: the former with a high intake of marine lipids from fish, seal and 
whale and the later with a more western diet with higher proportion of saturated fats [Bang and 
Dyerberg, 1973; Dyerberg et al., 1975, 1978; Dyerberg and Bang, 1979]. Similar results came 
from studies on Japan where the consumption of fish and whale products are also high [Yamori 
et al., 1985]. Many studies have followed, generally focused on the level of omega-3 (n-3) fatty 
acids, primarily EPA (20:5n-3) and DHA (22:6n-3). They have shown that consumption of 
marine oils diminishes risk factors implicated in the pathogenesis of atherosclerotic and 
thrombotic diseases [Connor 2000; Dewailly et al., 2001; Harris, 1989; Nordoy et al., 
1993,2001; Phillipson et al., 1985; Simopoulos et al., 1991]. It has also been shown an inverse 
relationship between fish consumption and death from ischemic heart disease [Bang et al., 
1976; Burr et al., 1989; Kromhout et al., 1985; Oomen et al., 2000; Schmidt et al., 2000] and 
there is general consensus that consumers should increase their intakes of these PUFAs [Anon 
1994; Simopoulos et al., 1999]. 
 
As a consequence many nutraceuticals have been commercialized in the last few years claiming 
to contain marine oils, or omega-3 fatty acids, occasionally also the species from which the oil 
is produced is given on the label. However both our and other researcher's works (personal 
comunications) have shown that the oil contained in this capsules does not always come from 
the claimed species [Aursand et al., 1999] and that it may contain additional products derived 
from the production of the oil as well as a results of the oxidation and autoxidation: marine oils 
are namely highly susceptible to oxidation because of the very same fatty acids that make them 
healthy when they are intact, EPA and DHA.  
 
The standard analysis of fatty acids is by gas chromatography, although more recently the use of 
NMR-based techniques seems to be increasing. GC does not seem to be able to identify the 
species from which the oils were produced, while the distribution of 2H analysed by NMR can 
be used to detect Atlantic salmon from different sources [Aparicio et al., 1998, Aursand and 
Axelson, 2001; Aursand et al., 1995a,2000] and 13C NMR profiling of lipids produces a 
“fingerprint” useful to identify the species and origin of purified marine oils [Aursand et al., 

 14



 

                  SeafoodPlus. Project 6. 3. 2. Deliverable 6. 
                      Iciar Martinez, SINTEF Fisheries and Aquaculture Ltd. April, 2005. 

1995a,b]. 1H NMR has also been recently tested as a new method to identify oxidation products 
derived from DHA [Falch et al., 2005]. 

3.2 Taurine, betaine and anserine 
In addition to the lipids, there are other molecules in seafood that are also bioactive 
components: one such group is made up of osmolytes, small water-soluble molecules that may 
be methylamines, polyalcohols, sugars and amino acids and amino acid derivatives [Arakawa 
and Timasheff, 1985; Burg et al., 1997; Konosu and Yamaguchi, 1982], and whose main 
function is to stabilise the structure of proteins [Arakawa and Timasheff, 1985], protect cells 
against osmotic stresses [Burg et al., 1997] and protect lipids from oxidation [Undeland et al, 
2002].  
 
Being water- (and saliva-) soluble, organic osmolytes are the substances that give the 
characteristic flavour to the foods. Each species and tissue seem to have a particular qualitative 
and quantitative osmolyte-profile that contributes to the species-specific taste and has the 
potential to be used as a reference for product authentication [Konosu and Yamaguchi, 1982, 
Fan et al., 1993]. However, the osmolyte profile varies according to the season of the year, 
physiological and environmental conditions, the diet and the post-mortem elapsed time [Konosu 
and Yamaguchi, 1982], and it has not been fully examined the effect that different processing 
conditions may have on these desirable compounds. We have decided to include them in this 
review because they may be of relevance when considering seafood as healthy food. The chosen 
osmolytes, taurine, betaine and anserine, are known to have positive physiological effects on 
humans and that is the reason to include these compounds in the present work. 
 
Taurine is widespread in the animal kingdom and the major source of taurine for maintenance of 
the large intracellular taurine pool is the diet. Taurine is found in very high concentration in 
excitable tissue, such as muscle and nerve. It regulates an unusual number of biological 
phenomena, including heart rhythm, contractile function, blood pressure, platelet aggregation, 
neuronal excitability, body temperature, learning, motor behaviour, food consumption, eye 
sight, sperm motility, cell proliferation and viability, energy metabolism and bile acid synthesis 
[Schaffer et al., 2000a and references therein]. Correspondingly, cellular depletion of taurine 
has been linked to developmental defects, retinal damage, immunodeficiency, impaired cellular 
growth and the development of cardiomyopathy. Taurine has been used as a therapeutic agent in 
cardiovascular diseases, including heart failure and arrythmia, for over 40 years [Read and 
Welty, 1963, Schaffer et al., 2000a ] and in the treatment of liver diseases such as acute 
hepatitis for over 20 [Nakashima et al., 1983, Schaffer et al., 2000a]. Taurine is an effective 
inhibitor of certain actions of angiotensin II [Azuma et al., 2000; Schaffer et al., 1998, 2000a], 
in particular on Ca2+ transport, protein synthesis and angiotensin II signalling. These findings 
have encouraged the use of taurine in infant formula, nutritional supplements and energy 
promoting drinks [Schaffer et al., 2000a and references therein]. It would therefore be very 
interesting to document the amount and fate of taurine in seafoods from different origin and/or 
submitted to different processing conditions. 
 
Betaine (trimethylglycine, also called glycinbetaine) is abundant in crustaceans and mollusks, 
especially in octopus [Konosu and Yamaguchi, 1982] and it functions as a methyl donor 
together with choline, folic acid, vitamin B12 and the methionine derivative S-
adenosylmethionine (SAMe) [Selhub, 1999; Barak and Tuma, 1983]. Betaine is important for 
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proper liver function, cellular replication, and detoxification reactions and, in addition, plays a 
role in the synthesis of carnitine and serves to protect the kidneys from damage [Chambers, 
1995; Chambers et al., 1999; Peddie and Chambers, 1993; Soderling et al., 1998]. It has been 
shown to be helpful in certain rare genetic disorders involving cysteine metabolism [Barak et 
al., 1996; Gahl et al., 1988; Selhub, 1999; Urbon Artero et al, 2002; Wendel and Bremer, 1984]. 
Betaine is often referred to as a “lipotropic factor” because of its ability to help the liver process 
lipids. In animal studies, betaine supplementation has been shown to protect against chemical 
damage to the liver [Junnila et al., 1998; Kim et al., 1998; Barack et al., 1993, Murakami et al., 
1998]. Its primary use as a nutritional supplement is in supporting proper liver function and 
possibly reducing the risk for urinary tract infections. 
 
Anserine, together with carnosine, are the most abundant dipeptides in the skeletal muscle of 
vertebrates [Chan and Decker, 1994; Crush, 1970; Wu and Shiau, 2002 ] and its levels are 
specially high in salmonids [Aursand et al., 1995c; Shirai et al., 1983]. These dipeptides play an 
important role in physiological functions, they are potent intracellular pH-buffer agents [Abe, 
1985; Abe and Okuma, 1991], antioxidants [Abe, 1995; Bolyrev et al., 1988; Chan and Decker, 
1994] and they also can activate of enzyme activity [Ikeda et al., 1980; Johnson et al., 1989], 
act as neurotransmitters [Boldyrev, 2001] and display angiotensin converting enzyme inhibitory 
(ACEI) activities [Hou et al, 2003]. 
 
Classical methods to detect and measure these compounds are by aminoacid analysis using 
amino acid analyzers or by HPLC [Schönherr, 2002; Shirai et al., 1983; Sotelo et al., 1995; see 
also Masson, 2002 for a review]. The measured values of some of these small compounds may 
vary depending on the method used: standard procedures using a classical extraction method 
and hydrolysis render lower values than those noted by less destructive and newer approaches 
as 13C or 1H NMR [Aursand et al., 1995c; Gribbestad et al., 2005]. We have recently published 
the interpretation of the spectra from high resolution 1H NMR spectroscopy of extracts and 
muscle of whole Atlantic salmon [Gribbestad et al., 2005]: it was possible to identify single 
chemical components, such as hypoxanthine, amino acids, anserine, lactate and some fatty 
acids, in extracts, whole muscle and whole fish. Our research group has also recently interpreted 
the 1H NMR spectrum for cod and where we could identify, among other compounds, taurine, 
betaine, anserine, lactate, ATP, ADP, AMP, hypoxanthine, trimethylamine oxide (TMAO), 
trimethylamine (TMA) and dimethylamine (DMA) (Standal et al., manuscript in preparation). 
 
In a recent work [Martinez et al., 2005] we have mapped the changes in the bioactive 
components found in several cod products by 1H NMR spectroscopy of perchloric acid extracts 
and multivariate data analysis: the drip-loss resulting from thawing had a high content in these 
molecules, which indicates their loss from the thawed fillet and should be a reason to demand 
labelling of all products that had been frozen during their manufacture. In addition we found a 
great variability in the spectra of the newly-killed unprocessed samples and that rehydrated 
klippfish had the lowest amount of osmolytes.  
 

 16



 

                  SeafoodPlus. Project 6. 3. 2. Deliverable 6. 
                      Iciar Martinez, SINTEF Fisheries and Aquaculture Ltd. April, 2005. 

A-4. Processing conditions 

4.1 Salting and drying 
It has been claimed that dried cod (tørrfisk in Norwegian) is like wine and that some years the 
products can be considered as excellent vintages. The same may perhaps be claimed of salted 
dried cod. And this is easy to understand: the quality and functional properties of these products 
depend on the raw material, including availability of food in the wild (what species and how 
much), prevalence of parasites, water temperature, how the catch has been treated, whether it 
has or not been frozen, type of salt, etc. [Gallart-Jornet, 2004; Lauritzsen, 2004]. But it must 
also be kept in mind that the manner in which the drying and salting processes occur influence 
these properties. Thus, one should not expect that drying in industry scale within drying 
cabinets with regulated conditions produces the same results than drying in open air under 
suitable environmental conditions. The latter will give more variable results: some years the 
conditions of temperature, relative humidity, wind and insects will be such that excellent 
"vintages" may be produced, others it may be destroyed by high humidity and abundance of 
insects. As it is the case for wines. The former will produce dried fish of standard quality with 
little variations assuming that the raw material quality and processing conditions are kept under 
control.  
 
Similarly, salted and dried fish produced in the traditional fashion, i.e., from newly catch fish 
opened, salted and dried to such a low water content that permits its storage at room temperature 
both in Nordic and tropical countries is a safer product, and has different functional properties, 
than salted-dried fish industrially produced from frozen-thawed raw material salted by brine 
immersion or by injection [Barat et al., 2003; Lauritzsen, 2004] to give a product with a final 
higher water content. When of high quality the former produces the most desirable foods, with 
longer shelf lives and also gives the highest quality dishes according to traditional southern 
European recipes, as shown in a study by AZTI [2001]. Newer processes have been developed 
usually trying to render a standard quality, decrease production time and increase profits, 
including higher yields and water content [Lauritzsen, 2004], which have as a consequence an 
increased safety risk (specially if salting is performed by injecting the fillets with needles), 
lower shelf lives, need of chill storage, shorter production times and a standard acceptable 
quality [Barat et al., 2003; Lauritzsen, 2004]. When compared to the authentic traditionally 
produced salted dried cod, the latter rate lower among consumers after they are cooked [AZTI, 
2001]. It has also been shown that production of salted cod from frozen thawed cod, which is 
becoming a rather common practice [Gallart-Jornet et al., 2004] and not mentioned on the label 
of the finished products, renders products with a lower liquid holding capacity (and therefore 
less juicy to the palate) after rehydrating [Erikson et al., 2004].  
 
Salting is also an important step in the manufacture of smoked salmon. Cardinal et al. [2001] 
showed that the both the salting method and previous freezing storage of Altantic salmon 
influenced both the yield of the process and properties of the final product.  
 
In the same manner as customers demand, and receive, information about the different vintages 
and production methods of wines, they should be entitled to information about the production 
method of the dried and salted fish they purchase. That information is usually not available and 
sometimes falsified in order to achieve higher prices. In addition, modifications in the 
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production method that lead to the manufacture of products with a higher water content needs to 
be reported to the consumers and health control authorities because often microorganisms that 
were eliminated by the traditional methods may survive the newer and milder conditions, thus 
diminishing the safety of the product and constituting a potential health hazard. These products 
should be submitted to more stringent microbiological quality criteria than the traditional ones. 
 
There are standard analytical methods to measure the water and salt content in food products, 
but there are none to verify the drying and salting procedures to which these products have been 
submitted, which are variables that keep a relationship with their organoleptic and functional 
properties, and their safety and should be part of the information given to consumers. 
  

1H MRI, a non-destructive technique, may have the potential to assess the drying method, our 
working hypothesis being that fish industrially dried using fast methods will probably have 
bigger structural pockets, since the water may evaporated too fast for the muscle components 
(proteins, membranes, etc) to shrink and fill the holes left by the water. We also think that 23Na 
MRI, equally non-destructive, may be a candidate to estimate some of the salting methods 
because it permits to visualize the distribution of salt within the fillet [Erikson et al., 2004]. The 
hypothesis in this case is that salt-dried cod should show an uneven salt distribution within the 
fillet, with higher salt content in the outside part, while brine salted fillets should have a more 
even distribution within the meat and muscle salted by injecting salt should present internal 
pockets with high salt content, in addition to showing structural damage where the needles have 
penetrated the flesh. 
 
No studies have yet been performed to validate or reject any these hypotheses or to find 
methods suitable to verify the salting and drying procedures.  

4.3 Freezin and thawing 
Freezing is a very efficient manner to increase the shelf life of fish, but fresh and frozen thawed 
products, hardly discernible just by how they look, do have different organoleptic and functional 
properties, frozen thawed products being usually drier due to their liquid loss and lower liquid 
holding properties [Erikson et al., 2004; Foucat et al., 2001 and references therein]. Frozen-
thawed products are also poorer in bioactive components [Martinez et al., 2005]. Since 
customers are willing to pay higher prices for fresh fish, the sale of thawed fish mislabelled as it 
were fresh seems to be an increasing practice.  
 
Duflos et al. [2000] compared the suitability of three different methods, namely a physical 
determination (torrymeter), a physiological examination (eye lens) and three enzymatic assays 
(α-glucosidase, β-N-acetylglucosaminidase and β-hydroxyacyl-CoA-dehydrogenase) to 
differentiate fresh from thawed plaice (Pleuronectes platessa), whiting (Merlangus merlangus) 
and mackerel (Scomber scombrus). None of the methods was suitable for all possible products. 
The torrymeter was considered to be a reliable indicator but only for whole fish with an intact 
skin, for fillets they recommended the enzymatic method using the α-glucosidase assay but the 
fact that the analysis should be accompanied by measurement of the freshness - to avoid 
confusing a frozen-thawed fish and a fish in an advanced stage of spoilage - makes doubtful the 
suitability of these approach for real-life cases. Older works [Kim et al., 1987] have also 
proposed the use of skin conductivity using the Torrymeter to differentiate fresh from frozen-
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thawed yellowtail (Seriola quinqueradiata) but, as Duflos et al. [2000] together with the K-
value, to give an indication of freshness. 
 
The potential of near-infrared (NIR) spectroscopy to distinguish fresh from frozen-thawed fish 
has been examined by Pink et al., [1998, 1999]. Discrimination in these cases was based on the 
prediction of the levels of dimethylamine (DMA), which is formed from trimethylamine oxide 
(TMAO) during frozen storage of gadoids. The traditional analyses for DMA are by GC [Keay 
and Hardy, 1972] or HPLC [Gill and Thompson, 1984] and estimation of the DMA contentby 
NIR has to be done after calibration and by using chemometric techniques. DMA can be 
estimated also by 1H NMR from PCA extracts [Martinez et al., 2004,2005]. In any case, this 
approach is only valid for gadoids, since other species do not form DMA during freezing 
storage. 
 
Uddin and Okazaki [2004] used the spectral changes that take place between fresh and frozen-
thawed samples of horse mackerel in the 1920- to 2350-nm region measured by "dry extract 
spectroscopy by infrared reflection" (DESIR). In DESIR spectra, the overall absorbance level 
was found to decrease in frozen-thawed samples, and after application of principal component 
analysis (PCA) and multiple linear regressions (MLR) the approach was able to classify 
correctly all the samples analyzed.  
 
Based on the fact that quality deterioration during frozen storage of lean fish like cod is largely 
due to denaturation and aggregation of muscle proteins, the profile obtained during thermal 
denaturation of muscle samples is likely to change depending on whether the muscle had been 
frozen or not. This has led several authors to test the use of differential scanning calorimetry 
(DSC) as a mean of detecting protein changes due to freezing and frozen storage in fish muscle 
[see Jensen and Jorgensen, 2003 and references therein]. This approach was not completely 
successful because the results were influenced by the length of time the fish were chill stored 
prior to freezing for samples stored at -30oC, and by the length of frozen storage for samples 
stored at -20oC.  
 
MRI has been satisfactorily used by Nott et al. [1999a] and Foucat et al. [2001] to distinguish 
between freshly killed and frozen thawed trout muscle and to reveal the method of freezing and 
the duration of the storage period. Nott et al. [1999b] showed that the approach is also valid to 
differentiate fresh and frozen-thawed products of cod and mackerel. This is, as previously 
mentioned a non-destructive technique that permits the examination on whole intact fish.  
 
Because freeze-thawing destroys membranes (thus liberating lysosomal enzymes) and also 
affects protein structure and activity (freezing denatures proteins) measurement of the 
enzymatic activity of some lysosomal enzymes in salmonids has been tested as a method to 
identify frozen fish by Rehbein and Cakli [2000]. The authors found that lysosomal enzyme 
activities of the press juice of frozen-thawed salmon fish fillets were higher than those of fresh 
fillets and concluded that the lisosomal enzyme α-glucosidase can be used to differentiate 
between processed, nonprocessed, fresh and frozen-thawed fish and fillets. One drawback with 
this kind of approach is that it requires a screening of potential candidate enzymes for each 
species and analogous enzymes from different species (for example those acclimated to 
temperate and to very cold waters) can behave very differently and enzymes suitable for one 
species may not be so for another. 
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4.5 Heating temperature 
Determination of the heating temperature is important, specially in products intended to be 
consumed without a final cooking step (for example pre-prepared food that only needs to be 
heated, but not properly cooked, prior to consumption), to ensure that potentially pathogenic 
bacteria, parasites etc have been killed or rendered uninfective. Methods aiming at determining 
the heating temperature are based on the fact that proteins denature and/or loose activity and 
solubility after a critical temperature is reached. 
 
The simplest of these methods is the coagulation test [Townsend et al., 1984]. Samples to be 
examined are extracted with water or a non-denaturing buffer and the extracts are heated at 
increasing temperatures: a coagulum will be formed if the sample has not been previously 
heated at that temperature.  
 
Following the same principle, the loss of protein solubility due to heating can be assessed by 
examining the proteins extracted by water or non-denaturing buffers by SDSD-PAGE [Uddin, 
2001] and, more often, by IEF [King, 1978, our unpublished results]: heated samples will 
display less proteins than raw unheated samples, the difference being the proteins that have lost 
their solubility due to heating. 
 
Differential scanning calorimetry (DSC) is also a suitable technique to give information: for 
example, let us say that the transition temperature (Tmax) for myosin, actin and sarcoplsmic 
proteins are 43.5 °C, 73.6 °C and 59.3 °C respectively. If an unknown sample is analyzed and it 
is found out that the peak at 43.5oC has disappeared while the other two remain, it may be 
concluded that the sample has been heated to a temperature higher than 43.5 °C (since the 
myosin peak is gone) but lower than 59.3 °C (since the peak corresponding to sarcoplasmic 
proteins remains).  
 
Uddin [2001] found it possible to detect the maximum internal temperature to which Pacific 
saury mince had been submitted if it was up to 65oC by the coagulation method and up to 70 oC 
by SDS-PAGE and DSC analyses. As expected, raw meat showed a wide variety of protein 
bands in SDS-PAGE with molecular mass between 19 and 53 kDa. However, only a single 
protein band with molecular weight of 33 kDa was detected after heating at 65oC, probably 
responsible for producing the coagulum observed at the same temperature. All protein bands 
disappeared after heating at 70oC. Saury raw meat had four endothermic DSC peaks. As the 
temperature of heat treatment increased, peaks gradually disappeared and the thermogram of 
meat previously heated at 70oC was featureless.  
 
Elimination of the enzymatic activity due to denaturation induced by heating has also been 
tested as a potential indicator of heating temperature [unpublished results of the project 
Advanced methods for species identification in seafoods, partially financed by the European 
Commission: EU-FAIR project no. PL95-1227]. Of several enzymes tested, we found that for 
Arctic shrimp (Pandalus borealis) only the determination of the β-N-acetylglucosaminidase 
activity had the potential to be used in the temperature range 50-70oC. In the range 70-80oC the 
slope was too flat to permit an accurate estimation. 
 
A general problem with all these approaches is that the appearance of coaguli, transition 
temperature peaks, loss of protein solubility and enzymatic activity are dependant on the whole 
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history of the product of which prior heating is only one variable. Thus, freshness, storage 
conditions, freezing, salting [Schubring, 2004; Thorarinsdottir et al., 2002], the environmental 
temperature to which the animal is acclimated, [Watabe et al., 1997, our unpublished results] 
and physiological condition [Beas et al., 1991] all of them variables that will affect or modify 
the degree of protein denaturation and/or protein thermostability and will therefore also interfere 
with the estimation of any previous heating temperature. 
 
No standard official method exist, several research groups are still trying to develop reliable 
methods to verify this kind of information. 
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B-1. Morphological analyses  

Fields of application  
Sometimes, morphological analyses may be used to differentiate wild for farmed fish, as well as 
the location of fish when the breeding conditions or population isolation have morphological 
differentiation as a consequence. 

Current morphological tests  
As already mentioned, there are currently no official morphological manuals suitable to 
differentiate farmed from wild fish.  

Technical basis 
It would be based on comparison of the specimen with a description in a book or manual.  

Equipment and materials required 
Dissection equipment and visual observation is required. 

Strong and weak aspects of the methodology 
Such a method would be convenient and relatively easy to use provided the whole fish is 
available for examination. However, the fact that such test would have to be based on 
observation, the individual morphological variability - specially within wild individuals - the 
possibility to modify the characteristics in the farmed ones and the fact that not all farmed 
specimens present all the characteristics (for example not all farmed fish present deformities, 
not all salmon have high fat content for example if farmed ecologically, etc), limit the 
usefulness of such a test, i.e., morphological examination is indeed used to discriminate 
suspected wild or farmed fish, but there is a need for tests to objectively confirm the production 
method. 

Adequacy for each fish link 
It might be used in any fish link where one can examine whole fish, fillets (salmon and cod) or 
livers (cod).  

Bibliographic standards of reference  
Currently, none. 
 

 25



 

                  SeafoodPlus. Project 6. 3. 2. Deliverable 6. 
                      Iciar Martinez, SINTEF Fisheries and Aquaculture Ltd. April, 2005. 

B-2. Individual tagging of fish  

Fields of application  
To differentiate individual fish or groups of fish, depending on the amount of information one 
wishes the tag should carry. 

Current tags in use 
Some species are being tagged for research purposes and for limited periods of time, depending 
on the amount of funding the research receives. In farms, they are currently not implemented. 

Technical basis 
There are different types of labels. The most primitive consists in implanting a label inside the 
fish (usually the nose), or clap it on fins or parts of the shell (crabs) in which a code is written. 
After capture of the fish, the label has to be retrieved by a person who knows where to look for 
it and how to extract it (their size may be very small). Then it has to be sent by mail to the 
research group who tagged it or to the producer of the label to be read. Sometimes reading 
requires the aid of a microscope and a trained person. The information may be sent back to the 
person who collected the label. 
 
More modern methodologies, based in the use of new materials are more likely to be 
implemented, as they have already been implemented in pet monitoring. Information of one 
such company, retrieved form internet says: "Applications for the Company’s products include 
identification and monitoring of pets, fish and livestock through its patented implantable 
microchips; location tracking and message monitoring of vehicles and aircraft in remote 
locations through systems that integrate GPS and geosynchronous satellite communications; 
and monitoring of asset conditions such as temperature and movement, through advanced 
miniature sensors. Digital Angel Corporation is majority-owned by Applied Digital Solutions, 
Inc. (Nasdaq:ADSX). For more information about Digital Angel, please visit 
http://www.DigitalAngelCorp.com." 
 
The so-called RFID; chips as small as dust specks may be placed into products for customer 
control, although not yet on animals. The chip contains a unique serial number which becomes 
associated with the purchaser. The chips are sewn into clothing, moulded into the plastic of 
shaving razors for example, or installed in a myriade of different ways. A scanner can read the 
serial number as the carrier of the chip walks past. In the case of control of customers, the 
scanner that reads the serial number of the chip brings up the account which the customer used 
to purchase the item carrying the chip and all the information linked to it 
(http://www.spychips.com/). 
 
The Norwegian company VivID AS is involved in the manufacture of ID-chips made of silicon 
using ultrasound detection. The chips are designed in MicroSystems technology and made by 
SINTEF (Norwegian Patent NO 315396, granted in July 2003).  The chips are implanted in the 
fatty ventral tissue or in the intestinal cavity with a syringe. The fish must then rest at least 1 
day prior to recording of measurements. Additional equipment necessary is: PC, a signal 
generator, two 250 Khz transducers one amplifier and one oscilloscope. The measurements are 
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performed by placing the anaesthetized fish in the field of the sender-transducer, which sends a 
pulse with a given frequency. The reading itself takes 2 milliseconds. 

Equipment and materials required 
Equipment required includes: the chips or labels, equipment to insert them inside the fish, 
equipment to read the chip (which varies according to the technology used) or extract the label, 
and trained personal to read it with a microscope, if the latter. 

Strong and weak aspects of the methodology 
The procedure is expensive and labour intensive, since each juvenile fish needs to suffer the 
implant (this is done manually at present). It can only be used as long as the part of the fish with 
the implant is not separated from the rest, i.e., not useful for fillets if the implant is in the head 
or in the intestinal cavity. An additional negative aspect of the labels is that they need first to be 
extracted by a trained person who must somehow keep track of the label and the fish; then they 
have to be sent by mail to the producer of the label, who reads it and send the information back. 
The cost of tagging, reading and receive the information back and link it to the fish, after a 
certain period of time, makes this method time consuming, expensive and impractical for 
systematic use in large scale. 
 
Positive aspects of both electronic chips and labels are that the implanting procedure does not 
seem to affect survival of the fish, and the chip and label last for the whole life of the fish. 
Further positive aspects of the electronic chips are that it is theoretically possible to include a 
large amount of information in the chip (the limit being the size of the chip), that the 
information may be read externally without any special training and that that information, being 
electronic can be automatically linked to any traceability record of the batch. 

Adequacy for each fish link 
Useful for any link in which the part of the fish being examined contains the implant. If the 
implant is by an electronic chip it can be performed anywhere, i.e. it is a portable analyses. 

Bibliographic standards of reference  
Currently, none. 
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B-3. Techniques for genetic DNA-based analyses  

Fields of application  
Optimally, but not always, for species and breeding stock identification. Its application requires 
the finding of diagnostic genetic markers: in the case of farmed specimens if they belong to a 
special or selected breeding stock and in the case of wild fish, when the geographical origin 
corresponds to selected populations for which it is possible to find genetic markers. 

Techniques in use 
Hoelzel [1992] has a good description of many of the techniques used in population genetics 
that can be used to identify the breeding stock, which in turn may be the key to identify the 
geographic origin of fish. The reader should refer to specialized literature for a detailed 
description of each methodology. 
 
Technically, most analyses of genetic material will involve first a extraction of the DNA from 
the sample. The selected method will depend on several factors: number of analyses to be 
performed, cost, expected yield and type of sample. Methods to extract DNA include 
commercial kits (NucleoSpin Food from Macherey-Nagel GmB and Co, Germany; Genomic 
Prep Cells and tissue DNA Isolation kit from Amersham Pharmacia Biotecg, Sweden; WizardTM 
DNA Clean-up system from Promega; Dynabeads® DNA DIRECTTM Universal, from Dynal 
Biotech etc.); robotic stations (BioRobot M96 workstation from Quiagen; RoboSeq® from 
MWG; MagNA Pure LC from Roche, etc) or in house standarized procedures some of which 
are developed to avoid the use of toxic components, for example CTAB-extraction [Quinteiro et 
al, 1998] or salt-extraction procedures [Miller et al., 1988; Martinez et al., 2001] and others use 
the classic phenol-chloroform extraction method [Sambrook et al., 1989]. 
 
If the laboratory can afford it and the samples are not very degraded, the use of robotic stations 
is to be recommended not only because it permits a larger number of samples to be analyzed 
simultaneously but also because it should minimize inter-laboratory variations and the risk of 
human error. Batch to batch variations in the quality of the products (specially if they contain 
enzymes) should always be kept in mind. 
 
Once the DNA is extracted, the technique to be used should be suitable for the type of tests the 
diagnostic marker is designed for: hybrization procedures in the case of DNA-probes or 
amplification and sequencing if confirmation of internal sequences. The latest trends include the 
use of chips to which diagnostic DNA probes are covalently linked: the extract under 
examination (with or without prior amplification of the targeted sequence) is hybridized to the 
chip and the result is read in a special station. 
 
The most important element to use this approach is the availability of probes, specific for the 
intended target and that do not cross-hybridize with related sequences. The probes would have 
to be developed to target each of the markers that, as mentioned above, are not currently 
available. Alternatively, one can fingerprint the unknown sample and compare it to those of 
reference samples [Martinez and Daniélsdóttir, 2000; Martinez and Malmheden Yman, 1999; 
Martinez et al., 2001]. For the latter approach there is no need to know any sequence a priori, 
but one needs to have a good database of reference samples. 
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Current genetic tests  
The principle of these tests is universal. One would need to have available probes or sequences 
specific for each farmed and wild stock, and there are data on only a few of them, i.e., the 
species valued by Western countries, while there are thousands of edible species worldwide. 
Genetic data on wild populations are being provided by research institutions, mostly 
universities, while databases for farmed fish will have to be constructed and updated by 
breeders and farmers. 

Technical basis 
Common to all genetic analysis, the techniques include at least extraction, usually 
electrophoresis, amplification, hybridization and/or sequencing of the genetic material. 

Equipment and materials required 
Standard for molecular biology laboratories. More advanced robot and hybridization (chips) 
equipment might be required, specially if a large amount of samples is to be screened. Efforts 
are being invested in the development of "Portable laboratories" or "Lab in a chip" mostly using 
micro fluidic systems that permit the in situ analysis of biological material. Such systems are 
currently being developed to detect virus or bacteria that impose a serious risk to human health 
and to fight bioterrorism, although it is to be expected that once the main frame is developed for 
one application it will soon be adapted to other ones, such as the detection of production 
methods for foods. 

Strong and weak aspects of the methodology 
A strong aspect is that methodologies based on the analysis of DNA are easy to perform, robust, 
permit high throughput of samples are their costs are quite reasonable especially if the reagents 
needed are prepared in house. Molecular biology equipment is standard is many laboratories and 
there is no lack of trained personnel in the work market to perform these analyses. Use of kits 
and robotic stations may increase the price unless a reasonable high volume of samples is 
processed, which will then decrease the price per analysis and the likelihood of human errors.  
 
Weak aspects include the fact that examination of the genetic material will indicate the pedigree 
of the donor, not its rearing conditions. Thus, analysis of the genetic material of a wild caught 
farmed cod will show a match with the wild population from which it originates, and not 
necessarily give information about where it was caught. Similarly, genetic analysis of Atlantic 
salmon from Tasmania or Chile might show a close relationship match with the Atlantic 
populations from which the original breeders came. Also this methodology requires that specific 
probes and/or sequences and/or authentic reference samples be made available for each farmed 
and wild stock of fish, which is lacking at present. 

Adequacy for each fish link 
It might be used in any fish link, only a small sample is necessary, provided it contains 
sufficient DNA for the required analysis. If portable laboratories are developed it could also be 
applied in situ in any place of the link (boat, port, processing line, retailer shop, restaurant, etc). 
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Bibliographic standards of reference  
Some references have been given in the above paragraph "Techniques for genetic analysis". 
Suitable methods to be applied will depend on the information available (probes, sequences, 
commercial kits, etc.) and each of these methods will have its own standard of reference that 
should be provided by the researchers who made the method available, and the suppliers of 
equipment and products. A universal manual for molecular biology workers is Maniatis et al. 
[1988]. 
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B-4. Protein analysis for identification of the production method and 
geographic origin  

Fields of application  
Usually the same as DNA-analyses: identification of species and breeding stock. Protein 
(isoenzyme) analyses where the first analyses used in population genetics, although their 
discriminatory power is smaller than that of DNA analyses due to the less variability found in 
proteins than in DNA. On the other hand, protein, but not DNA analyses, can be used to identify 
the tissues included in a product and sometimes the age of the individuals, as well as the species 
and breeding stock. It may also be useful to identify farmed fish or the geographic origin when 
these two variables affect the protein expression, for example because different breeding stocks 
may display different polymorphic proteins and also because the presence of certain compounds 
in the environment can induce the expression of certain proteins. A typical example of the latter 
is fish or clam reared in areas polluted by toxic wastes that display the expression of stress 
proteins [Rodriguez-Ortega, 2003; Rodriguez-Ortega et al., 2003]. 

Technical basis 
Analysis of proteins require first an extraction suitable for the tissue and protein or enzymes 
under study. Isoenzyme analyses usually require simple equipment:  electrophoretic chambers 
to separate the isoenzymes in their native form and for incubation with suitable substrates. The 
enzymes are separated on the basis of their electrophoretic mobility, which under these 
conditions is influenced both by the molecular mass and charge the protein. The composition of 
the buffers and substrates depends on the activities ones wishes to analyze [Hoelzel, 1992; 
Manchenko, 1994]. Usually one has to make first a general screening of many enzymes known 
to be polymorphic in order to select the enzymes that are polymorphic for the given population 
under study. 
 
Protein analysis can also be used to discriminate breeding stocks if some protein isoforms can 
be used as markers, which requires a previous screening to find the polymorphic markers. 
Proteins can be separated according to their isoelectric point by isoelectric focusing, according 
to their molecular mass by SDS-PAGE and by both criteria by two-dimensional electrophoresis 
(2DE).  
 
Isoelectric focusing can be performed on water and urea extracts as described by Rehbein et al., 
[1995] and Mackie et al., [2000] respectively. Extraction with urea and/or some detergents 
compatible with IEF may be necessary if the samples have been submitted to heat treatment.  
 
Application of SDS-PAGE to species identification is described by Piñeiro et al., [1999] and the 
same principle and technique are used to analyze stock-specific markers. The more stringent 
conditions permitted in the extraction of samples that are going to be analyzed by SDS-PAGE 
makes it possible to analyze samples submitted to a wide variety of processing conditions 
including boiling [Rehbein et al., 1999], smoking [Mackie et al., 2000] and high pressure 
processing [Etienne et al., 2001]. 
 
2DE is a combination of IEF and SDS-PAGE that permits the use of strong extractants and 
therefore the analysis of heat treated and processed samples as described by Martinez et al., 
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[1992]. It is has been useful to detect potential stock-specific markers in herring [Martinez et al., 
1990c] and Arctic charr [Martinez and Christiansen 1994] and for determination environmental 
pollution that can in turn be used to determined the geographical origin [Rodriguez-Ortega, 
2003; Rodriguez-Ortega et al., 2003].  

Equipment and materials required 
Standard for molecular biology laboratories: centrifuges, mixers, electrophoresis chambers, 
power supplies, stains to visualize the proteins and equipment to preserve the results, either 
drying cabinets for the gels or photographing equipment. Software suitable for gel analysis is 
also required, specially if many samples are to be compared. 

Strong and weak aspects of the methodology 
Weak aspects include that it is a very hands-on technique and require - 2DE in particular - well 
trained personnel. It also needs of a previous screening of the samples of interest to find the 
markers that give the information one is looking for. Application of this type of techniques to 
the issues covered in this review, i.e., cultivation method and geographic origin, is still in the 
research stadium and therefore there are no fully developed protocols ready to be used: they 
require first the development of suitable databanks containing data from reference specimens 
wild and cultivated and from the different regions of interest.  
 
An advantage is that these techniques are very robust if performed correctly, and once suitable 
markers are found it is very easy to raise antibodies that will allow later to detect the markers 
using easier methods, such as ELISA-based analysis, or immunochomatographic rapid test such 
as Lateral flow tests already being used to detect pathogenic bacteria in foods and toxins in 
water and shellfish, that permit the detection of targets in a few minutes with very few sample 
handling steps. 

Adequacy for each fish link 
In the present state of development these techniques can be performed at any link but samples 
need to be transported to a specialized lab for extraction and analysis. 

Bibliographic standards of reference  
For IEF: Rehbein et al., [1995] and Mackie et al., [2000]. For SDS-PAGE Piñeiro et al., [1999]. 
For for two dimensional electrophoresis using ampholines Martinez et al., [1992] and 
Rodriguez-Ortega et al. [2003]. For 2DE using immobilines Molloy [2000] and Ge et al., 
[2004]. 
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B-5. Gas chromatography 

Fields of application 
GC has many fields of application but this chapter is limited to the analysis of fatty acids. FA 
analysis has application in discrimination of wild and farmed fish and in the analysis of marine 
oils in nutraceuticals. 

Technical basis 
Gas liquid chromatography separates solutes by partitioning them between a mobile gas phase 
and a stationary solid phase held on a solid support. Gas-solid chromatography employs a solid 
adsorbent as the stationary phase. 
 
The first step in the analysis consist in extracting the lipids from the fish, which is usually done 
by the Bligh and Dyer [1959] method after which the fatty acids need to be methylated to fatty 
acid methyl esters (FAME) by reaction with BF3/methanol at 100oC [British Standard Methods 
of Analysis of Fats and Oils, (1980) BD 684:section 2.34]. An internal standard needs to be 
added to the extract prior to methylation, so that both the sample and the internal standard are 
subject to the same treatment. 
 
The sequence of GC separation is as follows: the sample is injected into a heating block where it 
is immediately vaporized and swept by the carrier gas into the separation column. The solutes 
are adsorbed at the head of the column by the stationary phase and then desorbed by fresh 
carrier gas. The sorption-desorption process occurs repeatedly as the sample is moved towards 
the outlet by the carrier gas. Each solute travels at a different rate through the column and their 
bands will separate according to the individual partition ratios and the extent of band spreading. 
The solutes are eluted sequentially in the increasing order of their partition ratios and enter a 
detector attached to the column exit. In a printer, the signals appear on the chart as a plot of time 
versus the composition of the carrier gas stream. The time of emergence (retention time) is 
characteristic for each component and the area under the peak is proportional to the 
concentration of the component in the mixture. Identification of the components is done by 
comparison to the retention times of a series of known compounds. This reference or standard 
fatty acids mix, is prepared by mixing in suitable ratios fatty acids that one may expect to have 
in the sample. 
 
The conditions for injection, column, elution and detection have to be optimized for each lab 
and sample. The analysis of salmon lipids by GC has been standardized in during the course of 
the project COFAWS but they have not been published yet. Similar works however, have been 
published earlier, see Aursand et al. [2000] for a description of this technique applied also to the 
analysis of lipids extracted from salmon muscle. 

Equipment and materials required 
A lab equipped to handle organic compounds and waste, such as chloroform and methanol, 
rotavapor and gas chromatograph. One also needs a suitable standard mix of fatty acids.  
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Strong and weak aspects of the methodology 
It is a classical method that has been satisfactorily used for decades and there are many works 
published using the technique. One major drawback is that it requires the use of toxic 
compounds such as methanol and chloroform for the extraction of lipids and the extra care 
necessary in the handling and elimination of the toxic waste.  
 
If one wishes to confirm that the oils contained in the product indeed come from marine species, 
or to discriminate wild form farmed fish or identification of the origin, or confirm organic 
production, one needs to have built up a suitable databases containing the results of FA 
composition of authentic reference samples. Classification of the unknown is then done by 
multivariate data analysis.  

Adequacy for each fish link 
It may be applied to any link of the traceability chain, but the sample needs to be taken to a 
suitable laboratory for extraction and analysis. 

Bibliographic standards of reference  
For application t analysis of salmon fatty acid composition see Aursand et al., [2000]. Dobson 
[2002] presents a review of methods applicable to diverse food matrices, including fish oils.  
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 B-6. NMR spectroscopy applied to the analyses bioactive compounds 

Fields of application 
As described in part A, NMR methods in combination with multivariate data analysis of the 
spectra have been applied to the characterization of complex mixtures, identification of the 
positional distribution of fatty acids in phospholipids, lipid profiling and characterization of 
metabolite composition and profiling. Of these methods lipid profiling has successfully used to 
identify the species from which the lipids derive and to discriminate of wild from farmed fish 
due to the different fatty acid composition of the diets that appears reflected in the storage lipid 
fraction.  
 
Claims of healthy products, regarding the content in bioactive components such as marine lipids 
and some small metabolites (taurine, anserine, betaine) can be confirmed also by NMR, since 
the spectra reflects the total composition of the sample.  

Technical basis 
For a complete description of the technique, the reader should refer to suitable in depth literature 
[Friebolin, 1998; Keeler, 2002; Kemp, 1986]. A succinct and clear description can be found in 
biochemistry books such that authored by Nelson and Cox [2000] on which part of the 
description given here is based. 
 
Nuclear magnetic resonance is a manifestation of nuclear spin angular momentum, a quantum 
mechanical property of atomic nuclei. Only certain atoms posses the type of nuclear spin that 
generates a magnetic dipole, such as 1H, 13C, 17O, 15N, 31P and 19F. Application of a strong, static 
magnetic field to a solution containing the mixture under examination forces the magnetic 
dipoles to align in the field in one of two orientations: in parallel (low energy) or antiparallel 
(high energy). A short pulse of electromagnetic energy of suitable frequency (the resonant 
frequency, which is the radio frequency range) is applied at right angles to the nuclei aligned in 
the magnetic field. Some energy is absorbed as nuclei switch to the high energy state and the 
absorption spectrum that results contains information about the identity of the nuclei and their 
immediate chemical environment.  
 

1H is particularly important in NMR experiments because of its high sensitivity and natural 
abundance. 1H NMR spectra can be quite complicated because even a relatively simple mixture 
may have many different types of 1H atoms, resulting in one-dimensional spectra that may be 
difficult to interpret in the case of complex biological mixtures that may contains hundreds for 
different 1H nuclei. 
 
The chemical environment of nuclei tends to modify the magnetic field “seen” by them. It often 
shifts their Larmor frequency by an amount that is small but detectable. Such “chemical shifts” 
are usually quoted in parts per million, ppm (multiplication by the operating frequency, n, yields 
the Hz value). The chemical shift is the difference between the resonance frequency of the 
moiety (e.g., -CH vs. -OH) and a standard, given by δ. In NMR spectroscopy, this standard is 
often trimethylsilypropionate (TSP) or tetramethylsilane (TMS).  
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A convenient way of visualizing the time domain NMR signal, which is known as the free 
induction decay (FID), is in the frequency domain by Fourier transform (FT). The FT of an FID 
leads to a “spectrum” with peaks (with different chemical shifts) each of which has a line width 
that is partially dependent on the T2

2 and Bo
3 homogeneity (shim). 

 
A major difference between 13C and 1H spectra is that the latter is much less abundant in nature 
than the former, which makes the spectra clearer and easier to interpret (because there are less 
peaks) but also increases the necessary acquisition times. 

Equipment and materials required 
A schematic description if the equipment required is given in Keeler [2002]. In short, a 
spectrometer consists of: 
 

• an intense homogeneous magnetic field generated by a magnet, which consists of a coil 
wire through which a current passes, thereby generating a magnetic field. The wire is 
immersed in a bath of liquid helium to keep its superconducting state; 

• a "probe", which enables the coils used to excite and detect the signal to be placed close 
to the sample. It is a cylindrical metal tube which is inserted into the bore of the magnet. 
The key part of the probe is the small coil used to excite and detect the magnetization 
that is held in the top of the assembly in such a way that the sample can come down 
from the top of the magnet and drop into the coil; 

• a high-power radio frequency transmitter capable of delivering short pulses;  
• a sensitivity receiver to amplify the NMR signals;  
• a digitizer to convert the NMR signals into a form that can be stored in computer 

memory;  
• a pulse programmer to produce precisely timed pulses and delays and  
• a computer to control everything and to process the data. 

Strong and weak aspects of the methodology 
Advantages of NMR techniques over the more traditional high performance liquid 
chromatography and gas chromatography are that i) the detection is not limited by different 
properties of the molecules such as polarity or presence of chromophores in the molecule, ii) it 
renders information about the structure of the compounds from extracts with less sample 
preparation than HPLC or GC, iii) unexpected and novel molecules will also be detected, iv) the 
detection of the components is specific and v) all the components are detected simultaneously.  
 
The procedures of sample preparation and extraction are practically identical for NMR 
spectroscopy and for traditional GC and HPLC techniques, but the targeted molecules do not 
need to be modified afterwards. The acquisition times required for 1H NMR spectroscopy can 

                                       
2 After excitation by a pulse, the net magnetization, which is the vector sum of the magnetic moments of 
many nuclei, begins to dephase, or spread out by interacting with other spins in a process called spin-spin 
relaxation. Because of intrinsic molecular differences or inhomogeneities in the magnetic field, the 
magnetic-moment components precess at slightly different rates. The rate at which they dephase is 
characterized by a time constant, T2, which is reflected in the observed linewidths of that moiety. 
3 The magnetic field strength, designated by Bo, reflects the strength of the instrument system's magnet. 
The field strength is most properly given in units of Gauss (G) or Tesla (T = 104G), although NMR 
spectroscopists commonly refer to the 1H resonant frequency instead. 
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be much shorter than those of GC or HPLC but those of 13C may also be longer (about 30 min 
per sample) in order to obtain good quality spectra. Shorter times may be used at the expense of 
resolution, which is affordable if the sample is known.  
 
Weak aspects of NMR analyses are: the very high price of the equipment which requires in 
addition special facilities for its placement and highly specialized and qualified technicians to 
perform the sample extractions and the NMR analysis. Once the spectra are obtained, 
interpretation of the results is not straightforward and it needs personnel highly qualified both in 
spectroscopy to interpret the spectra and in statistics for the classification of unknown samples. 
Regarding choice of method between 1H and 13C NMR spectroscopy (and provided that both of 
them are suitable to obtain the desired information) the former are more complicated to interpret 
due to the larger number of peaks, but the latter require longer acquisition times. Since the 
instrument-time is expensive, one should consider carefully which of the two approaches is 
more convenient, i.e., provides sufficient information with a cost as low as possible. 

Adequacy for each fish link 
It can be applied to samples in any link of the chain, but they need to be extracted and analyzed 
under strictly standardized conditions, in a suitable laboratory with access to NMR equipment 
and personnel trained in the interpretation of the results.  

Bibliographic standards of reference  
There is yet no standardized officially accepted method, although it is possible that some 
standards may result from the EU-funded research projects COFAWS and TRACE. For suitable 
references to works applicable to different types of samples the reader may refer to the 
particular applications cited in the section A of this review, to the recently held congress on 
application of NMR to food science [Belton et al., 2003] and to suitable textbooks such as those 
authored by Friebolin [1998], Keeler [2002] and Kemp [1986]. 
 
Additional relevant information and didactic descriptions of NMR techniques can be found at 
http://spincore.com/nmrinfo/ and http://www.spectroscopynow.com.  
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B-7. Isotope analysis for geographic origin 

Fields of application 
Determination of geographic origin and discrimination of farmed and wild fish. 

Technical basis 
The source of information about the technical basis of this technique mentioned here has been 
taken from http://www.Iso-analytical.com as quoted in "The Forensic Isotope Ratio Mass 
Spectrometry (FIRMS) Network. Developing forensic applications of stable isotope mass 
spectrometry", University of Reading, (http://www.forensic-isotopes.rdg.ac.uk/techniq/ 
techniq.htm). 
 
The stable isotope compositions of elements which are part of a substance, are a function of the 
origin and history of that substance. That is, two substances which are chemically the same may 
have different stable isotope compositions if either their origin and/or history differ. Stable 
isotopes are defined as atoms whose nuclei contain the same number of protons, but a different 
number of neutrons. All but 12 elements exist as mixtures of isotopes. The proportions of these 
isotopes can vary greatly. 
 
The technique to analyze stable isotopes is mass spectrometry. A mass spectrometer is an 
instrument which separates charged molecules by mass. One type of mass spectrometer, called 
isotope ratio mass spectrometer (IRMS), has been specifically designed to measure the 
proportions of particular isotopes. An IRMS will be much more precise, but much less sensitive 
than other mass spectrometers.  
 
The mass spectrometers used for isotopic analysis generally comprise three basic sections; an 
ion source, a mass analyser and an ion collection assembly. Gaseous molecules are introduced 
into the ionisation chamber where interaction with a focused electron beam causes electrons to 
be stripped from the molecules, resulting in the formation of positive ions. The ions are then 
accelerated out of the chamber, down a flight tube which is placed between the poles of an 
electromagnet. Here, they are separated according to their mass-to-charge ratio (m/z). The ions 
are typically collected by a simple collector array consisting of three Faraday cup collectors. In 
order to carry out IRMS analysis, only pure gases, e.g. N2, CO2, or pure gas contained within a 
carrier gas, can be used.  
 
Two main types of preparation techniques are employed to convert solid, liquid and gaseous 
samples into pure gases for analysis: Continuous flow elemental analyser (CF-EA) and Dual 
inlet. 
 
In continuous flow elemental analyser (CF-EA) sample preparation, and subsequent analysis, is 
carried out on-line in a continuous flow of helium. An elemental analyser is an automated 
sample preparation instrument in which samples are converted into pure gases via combustion, 
reduction, and pyrolysis reactions in the presence of catalysts. In dual inlet the samples are 
prepared off-line. The pure gas is admitted into the IRMS by a variable volume, i.e. bellows. A 
reference gas is also admitted into the spectrometer via a bellows system. 
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There are other methods of introducing samples to an IRMS exist. One of these involves the 
attachment of a gas chromatograph. This technique is ideal for analysing samples which are 
complex mixtures of organic materials held in a solvent. The separation of the compound which 
is to be analysed occurs during gas chromatography before being converted to a pure gas by a 
high temperature reactor. 

Equipment and materials required 
Highly advanced chemical laboratory for sample preparation and IRMS equipment for analysis 
of samples. For interpretation of the results well developed databases and chemometrics 
software. It requires databases with the fingerprints of authentic samples and different 
geographic locations. 

Strong and weak aspects of the methodology 
It requires a very advanced and well equipped laboratory with expert personnel both for the 
chemical analyses and for the statistical treatment necessary to interpret the results as well as 
suitable databases with data from authentic samples. An advantage is that there are commercial 
companies, such as Iso-analytical.com, from which the technical description has been taken, that 
perform these analyses commercially.  

Adequacy for each fish link 
Suitable for all links but the samples need to be taken to the laboratory for analysis and 
interpretation of the results. 

Bibliographic standards of reference  
There are no standards of reference to apply this technique to aquatic organisms and there is a 
need to develop suitable databases of authentic reference samples. Works published than can be 
used as references for certain species and locations are Secor et al. [2002] for tuna; Campana et 
al. [2002] for cod; and Edmonds et al. [1989], Secor, [1992], Campana et al., [1994, 1995], 
Proctor et al. [1995] and Secor and Piccoli, [1996] for a variety of fish species and Born et al., 
[2003] for the minke whale. Aursand et al. [2000] used the 2H/1H and 13C/12C ratios to 
discriminate wild form farmed salmon. 
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B-8. HPLC analyses 

Field of application 
To assess the content of some small molecules, including amino acids and the three addressed 
bioactive compounds: taurine, betaine and anserine in seafoods.  

Technical basis 
The first step in all procedures is to deproteinize the sample, which can de done by using 
trichloracetic acid (TCA) [Konosu et al., 1974; Sotelo et al., 1995; Wu et al., 2002], perchloric 
acid [Ruiz-Capillas and Moral, 2001; Wolff et al., 1989; Fetterer et al., 2003], ethanol [Shirai et 
al., 1983], HCl [Massom, 2002] or sulphosalicilic acid [Paccioretty et al., 2001; Schönherr, 
2002]. The supernatants containing free amino acids and dipeptides are recovered after 
centrifugation, neutralized and analyzed by HPLC [Ruiz-Capillas and Moral, 2001; Schönherr, 
2002] or by using an automated amino acid analysator [Shirai et al., 1983; Wu and Shiau, 
2002]. An internal standard with physicochemical properties as close as possible to those of the 
sample, with a similar relative retention time and that must not coelute with the amino acids in 
the sample, should be added as early as possible to the sample in order to map the loss of 
analyte during the procedure: if no loss occurs then 100% of the internal standard should be 
recovered at completion of the analysis; if lower, the calculated concentration of amino acids 
analyzed should be adjusted accordingly. If the recovery of internal standard is too low the 
whole procedure should be re-examined. Commonly used internal standards are amino acids 
that are not usually found in nature or that are not present in the food matrices analyzed: nor-leu 
and β-ala are common for acid hydrolysis and 5-methyl-trp for alkaline digest. In addition to the 
internal standard, one must also have control samples: samples similar to the one under 
examination. So if one has different types of food matrices to analyze (raw fish muscle, 
crustaceans, cooked shrimps, surimi-based products, ready-to-eat fish dishes, etc.) one must 
have a known control sample for each one of these matrices reflecting the composition of the 
unknowns. For each batch of similar samples, one should include one control matrix. If one has 
to analyze different food matrices, then one control for each type of food matrix should be 
included in order to obtain reliable results. 
 
For detection of amino acids only tyr, trp and phe have significant uv absorption at useful 
wavelengths and only trp and tyr are fluorescent. Accordingly, in order to detect them all the 
usual procedure is to label them by derivatization with a substance that absorbs in the visible/uv 
or that fluoresces. The derivatization can be done before (precolumn derivatization) or after 
(postcolumn derivatization) HPLC elution.  
 
The mobile phase in HPLC is the solvent being continuously applied to the column and it acts 
as a carrier for the sample solution while the column is the stationary phase. The sample is 
injected into the mobile phase and flows through the column with the mobile phase, the 
components in the sample migrate according to the non-covalent interactions of the compound 
with the column. The chemical interactions of the mobile phase and sample with the column 
determine the degree of migration and separation of components contained in the sample. Of the 
three types of elution (isocratic, gradient and polytyptic mobile phase) gradient is the most 
common for amino acid analysis. In gradient elution different compounds are eluted by 
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increasing the strength of the organic solvent and this can be done in a stepwise or linear 
fashion.  
 
The stationary phase in HPLC is the solid support contained within the column over which the 
mobile phase flows. The sample is injected into the mobile phase and as it flows with the 
mobile phase through the stationary phase, its components will migrate according to the non-
covalent interactions of those compounds with the stationary phase. The chemical interactions 
of the stationary phase and the sample with the mobile phase, determine the degree of migration 
and separation of the components contained in the sample. The most common stationary phases 
for amino acid analyses are reverse phase and ion exchange. Reverse phase operates on the basis 
of hydrophilicity and lipophilicity. The stationary phase consists of silica based packings with 
n-alkyl chains covalently bound. The more hydrophobic the matrix on each ligand, the greater 
the tendency of the column to retain hydrophobic groups and hyrophilic compounds elute faster 
than hydrophobic compounds. Ion exchange, on the other hand, operates on the basis of 
selective exchange of ions in the sample with counterions in the stationary phase. It is 
performed with columns containing permanently attached charged functional groups where each 
ion has a counterion attached. The sample is retained by replacing the counterions of the 
stationary phase with its own ions, and is subsequently eluted by changing the properties of the 
mobile phase so that the mobile phase displaces the sample ions from the stationary phase. 
 
Ion exchange chromatography is used mainly with postcolumn derivatization and reversed-
phase chromatography with pre-column derivatization. Derivatization (by using ninhydrin or o-
phthalaldehyde with postcolumn derivatization and o-phthalaldehyde, 9-fluorenylmethyl or 
other methods for precolumn derivatization) is necessary for the detection of the amino acids 
when they elute from the column. A detailed description of methods for amino acids analysis in 
foods is given by Massom [2002]. Amino acids are identified by their retention times and 
comparison with internal standards. 

Equipment and materials required 
Equipment necessary to perform extractions, centrifuges, HPLC or automated amino acid 
analysator. 

Strong and weak aspects of the methodology 
Both are standard methods for analysis of amino acids and dipeptides in many laboratories, but 
implementation in each laboratory demands the optimization of the steps of hydrolysis, 
chromatography (and selection of the column), mobile phase, gradient and derivatization for the 
given sample to analyze. General problems associated to these type of techniques is that the 
sample may be modified due to the extraction procedure itself and the values measured may be 
lower than the real ones [Aursand et al., 1995c] and that, in order to avoid detection of 
interfering substances, the amino acids need to be derivatizated in order to be detected by either 
uv/visible or by fluorescent detection. In particular the harsh conditions required for sample 
preparation may induce loss of sample, which makes the use of internal standards very 
important. The internal standards need to be added as soon as possible to the extract (so that the 
standard suffers the same processes and/or losses than the sample and always before hydrolysis 
or oxidation) and its physicochemical properties should be as close to those of the sample under 
study as possible. 
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Adequacy for each fish link 
It can be applied to any link, but the extraction and analyses have to be performed in a 
specialized laboratory. 

Bibliographic standards of reference  
For betaine Wolff et al., [1989], for taurine and anserine Konosu et al. [1983] and Shirai et al. 
[1983]. A general reference with a review of the technique is Massom [2002]. 
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B-9. Low field NMR and MRI 
By Emil Veliyulin and Ulf Erikson. SINTEF Fisheries and Aquaculture, Ltd. 

Fields of application  
Low field NMR is a rapid and non-destructive analytical technique. It is an excellent tool to 
study changes in the fish muscle and to perform measurements of fat and water contents and of 
the diffusion constants. Typical applications of the technique include studies of the drip-loss and 
firmness of the muscle, structural muscle changes as a function of storage time, temperature 
(freezing and thawing) and follow up of bacterial growth [Bertram et al., 2001a,b; Lambelet et 
al., 1995]. Methods of rapid quantification of the water and fat content in the fatty fish species 
have been developed recently [Lambelet, 1995; Pedersen et al., 2001; Sørland et al., 2004] and 
have the potential of industrial implementation for at-line quality control of the product. A 
mobile version of the low field NMR analyzer (so called NMR mouse) can be used for fat 
measurement in live salmon [Veliyulin et al., 2005] [see Figs 1 and 2]. 
 
Magnetic Resonance Imaging (MRI) can be used to study different commercial fish salting and 
de-salting processes. By using 23Na or 1H MRI, sodium or water diffusion in tissues can be 
studied in vitro. Moreover, the method makes it possible to study salt and water distributions in 
selected slices of the sample. The images of the distributions may be quantified. By acquiring 
anatomical images of the same slices, it is for instance possible to evaluate how fat content and 
distribution affects salt and water diffusion rates. 

Technical basis 
The NMR instruments make use of the fact that hydrogen nuclei have a magnetic moment 
which makes them behave like tiny compass needles and at the same time rotate like a spinning 
top. The hydrogen nuclei are thus said to have a nuclear spin. If these spinning magnetic 
moments are introduced into a magnetic field they precess around this field direction. The 
precession frequency is proportional to the magnetic field strength. A short, intensive radio 
frequency pulse is applied to align all of these tiny magnetic moments so that they become 
synchronized. The nuclear spins are now in the excited state, and the combined precession of all 
these spins generate a small but detectable oscillating magnetic field with a certain resonance 
frequency which induces an alternating voltage in a detection coil. Since the detected NMR 
response is arising from all the excited nuclei in the sample, the intensity of this signal is a 
direct measurement of the number of nuclei that are present in the sample. In other words, the 
NMR signal intensity gives us the content of any particular sort of atoms in the matter. The 
nuclei are used as sensors of their surroundings yielding a variety of important information 
about the matter. Both the excitation and detection involve electromagnetic waves in the radio 
frequency region. The method is very fast, and requires a minimal sample handling, usually 
only a small sample piece must be cut and placed in the instrument. Some instruments, like the 
MOUSE are truly non-destructive: The magnet is simply placed on the sample to perform the 
measurements [Fig. 1]. A typical low field NMR investigation measures the relaxation times of 
the proton nuclei from the sample. Such relaxation curves may have several exponential 
components, originating from either a certain type of chemical compound in the sample (for 
example fat or water) or from different structural phases of the same compound (for example 
intra- or extracellular water in the muscle). The measured relaxation times can thus give the 
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semiquantitative information about the distribution of hydrogen atoms in different chemical 
compounds differentiated by their structural environment in the sample. 
 
MRI relies on the same basic principles where in addition to protons, the sodium nuclei in the 
sample may be of interest. The images are generated from the acquired NMR data. 

Equipment and materials required 
Two types of low field NMR instruments exist – a conventional stationary analyzer such as the 
minispec mq series (Bruker Optik GmbH, Germany) [see Fig. 3] and a mobile analyzer Bruker 
Professional MOUSE [Fig. 2]. Stationary instruments with different magnetic field strengths 
and probe sizes, determine the sample sizes, are available. Sample sizes range from small 
biopsies (10x10x10 mm3) to larger muscle pieces (50x50x40 mm3). The mobile NMR MOUSE 
measures along the surface of samples unrestricted in size: it may be the whole fish.  
 
Unlike the table-top low field NMR instruments, the MRI instruments are large, expensive, 
require considerable infrastructure and highly skilled personnel and the instruments are usually 
found in hospitals, universities or research institutions [Fig. 4]. The magnet bore varies 
considerably. Typically, a fish fillet or a fillet piece can be readily analyzed. However, non-
destructive measurements on comparatively large whole fish are possible by using magnets 
intended for human body examinations. No additional equipment is required for any of the 
mentioned NMR methods. 

Strong and weak aspects of the methodology 
Since the NMR methods do not require prior sampling handling or extraction procedures, real-
time sample studies can be performed over long time periods looking at development of various 
processes in the samples. Most of the low field NMR methods are very rapid and have a 
potential of being implemented at-line. Other advantages of the methodology are that the low 
field NMR techniques do not demand specially trained staff, need no equipment maintenance 
and do not require the utilization of toxic solvents or frequent calibration. A weak point is the 
general low sensitivity of the NMR method which could also require long acquisition times for 
relatively dry samples. Presence of water (protons) in the samples is essential for using the 
NMR methods. Interpretation of the relaxation spectra is often non-trivial and can be difficult 
for complex structures. Restricted sample sizes for the stationary low field NMR equipment can 
be problematic for inhomogeneous systems and may therefore require many parallel samples to 
be investigated. 
 
The strong points of MRI are linked to the non-destructive nature of the method. Diffusion and 
spatial distributions of salt and water can be studied with the 3D-network of the tissues still 
intact thus avoiding potential sources of error such as sampling and sample preparation. Once 
the equipment is available, the low sensitivity of the method might be a drawback in some 
cases. 
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Figure 1. Rapid determination of fat 
content in whole salmon with NMR 
mouse 

 
 
 
 
 
 
 
 
 

 

Figure 2. BRUKER Professional MOUSE 
(Bruker Optik GmbH, Germany) 

 
 
 
 
 

 

Figure 3. BRUKER minispec mq series 
(Bruker Optik GmbH, Germany) 
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 Figure 4. BRUKER Biospec 100MHz 

NMR imaging system 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Adequacy for each fish link 
Applicable to any link of production, samples should be taken to be analyzed to a laboratory if 
the analysis is to be performed with the Bruker minispec. The MOUSE is portable and can be 
applied on line and in situ. MRI Measurements require that the sample be transported to a 
laboratory or tank equipped with the required facilities. 

Bibliographic standards of reference  
The application of low field NMR is still not standard for the fish industry and there are no 
standarized official procedures. Works relevant to implement the technique are Bertram et al. 
[2001a,b], Lambelet et al. [1995] and Veliyulin et al. [2005]. For the application of MRI see 
Erikson et al. [2004]. 
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B-10. Determination of the heating temperature 
 
 

B-10a. Coagulation test 

Technical basis 
It is based on the fact that proteins loose solubility and form a coagulum when they reach their 
denaturation temperature. The thermostability of the proteins varies according to the 
environmental temperature at which they are adapted (or acclimated) and the previous history of 
the sample. 

Equipment and materials required 
Equipment to extract proteins, thermostated water bath, centrifuges, spectrophotometer. 

Strong and weak aspects of the methodology 
It is very easy to perform, but it is not very reliable, since the results are influenced by the 
previous history of the sample, such as freezing-thawing, salting, and acid treatment, in addition 
to the prior heating that is the target of the analysis. It is not very easy to quantify the formation 
of the coagulum, which does not permit a fine estimation of the previous heating temperature. 

Adequacy for each fish link 
In theory, it may be applied at any stage, as long as it is possible to cook and measure the 
formation of a coagulum in the extract. 

Bibliographic standards of reference  
A description of the application of the method can be Towsend et al. [1984]. There are no 
standard methods. 
 
 
 

B-10b. Protein electrophoresis  

Technical basis 
Analysis of proteins require first an extraction suitable for the tissue and protein or enzymes 
under study. Isoelectric focusing can be performed on water extracts as described by Rehbein et 
al., [1995]: samples heated at different temperatures are extracted with water and the extracts 
analyzed by IEF. The number of bands decreases as the temperature increases because 
denatured proteins loose their solubility. By comparing the IEF pattern of an unknown sample 
to that of control samples heated up to certain known temperatures it is possible to interpolate 
the temperature to which the unknown sample had been heated. 
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Equipment and materials required 
Standard for molecular biology laboratories: centrifuges, mixers, electrophoresis chambers, 
power supplies, stains to visualize the proteins and equipment to preserve the results, either 
drying cabinets for the gels or photographing equipment and an authentic reference sample that 
has to be treated under identical conditions to the one under examination. 

Strong and weak aspects of the methodology 
Weak aspects include that it is a very hands-on technique and require well trained personnel. As 
the coagulation test, it reflects the total history of the fish, the proteins may have been denatured 
for other reasons (salting, freezing-thawing, pH conditions, long post-mortem elapsed time, etc.) 
and the temperature value obtained by this methods is usually a rough estimate. 
 

Bibliographic standards of reference  
Manchenko [1994] for a general description of many potential enzymes. For each product there 
should be a standard. There is no standard for seafood. 
 
 
 

B-10c. Enzyme activity  

Technical basis 
The principle of this analysis is that most enzymes suffer an irreversible denaturation due to 
heating that is reflected in their loss of activity. Thus, if a given enzyme completely losses its 
activity at 50oC in a given sample, by testing the activity of an unknown sample it should be 
possible to determine whether the sample has been heated to a temperature higher than 50oC (if 
the activity has been lost) or not (if activity remains). In principle any enzyme may be useful 
and a screening of potential candidates should be done for each sample in order to select the 
most suitable one. For identification of the temperature, the extract of the sample under 
examination is compared with a control extract of the same product that is being heating to 
different temperatures. 
 
There is no one general recipe for this test, since each enzyme requires special substrates, 
incubation conditions and temperature and the products of the reaction also may require 
different measuring methods. 

Equipment and materials required 
Tubes, a thermostated water bather, substrates, controls and a spectrophotometer. 

Strong and weak aspects of the methodology 
A strong aspect is that it is an easy test and straightforward, if suitable enzymes are found. 
Drawbacks include the fact that some of these analysis are very rough, so they do no permit an 
accurate estimation of the heating temperature, only give a wide range: enzymes for cold 
adapted species (for example Pandalus borealis) denature at relatively low temperatures and 
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therefore estimation of the heating temperature in a range of interest (suitable to kill bacteria, for 
example over 78oC) is not possible because it has been denatured at lower temperatures. 
 
Another drawback is that, as for the two previous analyses, enzymes may be partial or totally 
denatured in a product due to many factors, such as loss of freshness, freezing and thawing, 
addition of salts, changes in the pH, loss of water, proteolysis, etc and not only heat treatment. If 
activity has been partially lost due to any of these causes, the heating temperature will be 
overestimated and a product considered for example "safe" (that is has been heated to a 
sufficiently high core temperature) when perhaps the reason is that the enzyme has been freeze-
denatured instead. 

Adequacy for each fish link 
Suitable for any link but the sample needs to be taken to a laboratory for analysis. 

Bibliographic standards of reference  
None, the method would need to be developed and standardized for each type of sample and 
species.  
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Conclusions 

 
 
There are currently no standardized analytical methods suitable to verify the production method 
or geographic origin of seafood. Optimally, farmed fish should be tagged, preferably using 
micro-devices such as chips, that are easy to read. However that is not enough: the chip may be 
lost, not inserted or falsified. Therefore, it is imperative to develop analytical methods to verify 
the information provided by the traceability data, and suitable databases containing the profiles 
of authentic samples. Parameters that need to be recorded are: lipid, protein and DNA profiles 
of the fish species from different locations and of their feeds. Suitable techniques are gas 
chromatography, nuclear magnetic resonance and proteomics. This work has only started for 
salmonid fish and needs to be done also for other species that have started to be cultivated more 
recently, such as cod, halibut, shellfish, etc. 
 
Identification of the geographical origin of seafood has been even less investigated than the 
production method and there is a clear need to develop methods to obtain or verify this 
information, especially for the protection of fish for certain regions. Stable isotope 
fingerprinting seems to be one of the most promising parameters and suitable methods are 
isotope ratio mass spectrometry and 2H site-specific natural isotope fractionation studied by 
nuclear magnetic resonance. 
 
Analytical methods suitable to verify the content of bioactive components are gas 
chromatography, high performance liquid chromatography and nuclear magnetic resonance 
spectroscopy. The latter gives more relevant information that the other two, and also requires 
less sample preparation which makes it a promising candidate to become one of the dominant 
techniques for food compositional analyses in the near future. The main problem currently is the 
high cost of the equipment and need for highly trained personnel. 
 
Freezing and thawing of gadoids may be detected by analyzing the levels of dimethyamine and 
trimethylamine, but for other species the information is complicated by the fact that all 
analytical methods used give information on the total history of the product, not only on 
freezing-thawing. This is one of the data often falsified or omitted in the information given to 
consumers and that needs confirmation to ensure that the traceability documentation is correct. 
There are no analytical methods to verify the salting and drying methods or the heating 
temperature of seafoods. Due to the fact that these variables are of relevance, not only to ensure 
proper customer information and to verify the traceability data but, more importantly to define 
how severe a risk these products impose on human health and the stringency of the 
microbiological criteria to which they should be submitted, it should be relevant for the health 
control authorities to develop and implement suitable methods as soon as possible. Suitable 
analytical methods are based on protein analysis and testing of enzymatic activities and on 
nuclear magnetic resonance imaging and spectroscopic analyses.  
 
Application for all the above methods once they are standardized, demands the building up of 
suitable databases of authentic products to compare and classify products under examination. 
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