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1. Summary 
 

The ability to identify healthy components in a food and to promote this information to enable 

consumers to make healthy food choices can be a powerful marketing tool. In a wider context, 

when applied to whole populations as a public health measure, making healthier food choices can 

prevent disease and provide exceptional value in that the cost of modifying diet is minimal. 

 

Significant health benefits from modest fish consumption have been observed. A recent meta-

analysis study found that people who ate fish at least once a week significantly reduced the risk of 

cardiovascular disease (CVD) by 15%. There was a dose-response relation between fish 

consumption and lower CVD mortality, with 7% lower CVD mortality rates with an increased 

consumption of 20g/day of fish (lean and fatty fish). 

 

 The health aspects of seafood have primarily, and since the discovery of the low incidence of CVD 

in Greenland Eskimos, been linked to high intakes of marine omega-3 polyunsaturated fatty acids 

in particular eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA, 20:6n-3). 

Possible contributions from other functional components, such as proteins, taurine, selenium, 

calcium and other minerals, vitamins, coenzymes and antioxidants have at least partly been 

neglected.  

 

The aims of this report are to 1) identify healthy components and nutritional benefits of New 

Zealand aquacultured seafood’s, specifically New Zealand king salmon (Oncorhynchus 

tshawytscha), Greenshell mussels (Perna canaliculus), Pacific oysters (Crassostrea gigas) and 

blue mussels (Mytilus edulis aoteanus), and 2) to identify benefits that could be used to promote 

these seafood’s. Any gaps in information will also be highlighted. 

 

New Zealand king salmon  

One to two 150g servings per week of New Zealand king salmon would supply sufficient omega-3’s 

for an average person’s needs. For a person with existing CVD a higher intake of omega-3’s of 

1g/day has been shown to be beneficial, and or people with rheumatoid arthritis about 3g/day 

omega-3’s are recommended. Consequently, eating New Zealand king salmon more often per 

week would help supply sufficient omega-3’s in the diet and may be a healthy alternative.  

 

There is some evidence to show there is a link between the combination of high omega-3’s, high 

selenium, taurine and astaxanthin in salmon to provide strong anti-inflammatory effects in humans, 

but more work needs to be published to provide more scientific evidence.  
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There is also some evidence to show that when salmon muscle tissue is digested biologically 

active peptides are produced that can have beneficial health effects. However, although there is 

evidence to show that eating fish regularly will reduce CVD and other diseases, the link is probably 

not yet strong enough to make direct health claims for New Zealand king salmon. 

 

With a fat content of 34.7g per 150g serving the salmon is quite high in fat and would provide about 

87% of the RDI for fat of 40g/day, as well as about 20% of the energy required per day. However, 

many people have energy requirements greater than the reference 8400kJ/day (2000kcal/day). 

Also, to put the 40g per day in context with actual current fat consumption, the daily per capita 

availability of fat in the Oceania nations in 1990 was 138g (mainly from meat), which comprised 

38% of the dietary energy, a level considered too high for optimum health. In 1995 the median fat 

intake for Australians aged 19 years and over was 74.5g per day. Replacing meat in a meal, with 

its high saturated fatty acid content, with salmon would be a healthy alternative. 

 

The level of cholesterol in New Zealand king salmon, with 72mg per serving, may be of concern to 

some consumers. However, recent research has shown that dietary cholesterol has a relatively 

small effect on plasma (blood) cholesterol, although an intake of less than 300mg per day 

cholesterol is usually advised. 

 

The omega-3 fatty acids in New Zealand king salmon were very stable and are well preserved 

during different cooking methods (poaching, steaming, microwaving, pan frying, oven baking and 

deep frying), although there can be some uptake of the frying oil by the fillet when deep frying. It is 

possible that the high levels of natural antioxidants in the salmon flesh, such as astaxanthin and 

vitamin E, help protect the omega-3 fatty acids during cooking. 

 

Greenshell mussels  

A 100g serving of steamed Greenshell mussels is a good source of protein and would supply about 

30% of the daily requirement for an adult. They are also a low fat, low calorie food. However, 

because their lipids are high in omega-3 fatty acids they are a very good source of omega-3’s, with 

a very good DHA to EPA ratio and low omega-6 content. 

 

Greenshell mussels are also a very good source of a number of essential minerals, such as 

selenium, iodine and iron, consumption of which can have significant health implications. For 

example, selenium is implicated in antioxidant and immune functions in the body and perhaps a 

reduction in CVD. A deficiency of iodine and iron have been linked to widespread health disorders 

in various parts of the world. 

 

In addition to the high omega-3 content, and high content of selenium, Greenshell mussels also 

contain a number of other bioactive components such as taurine, glycogen, chondroitin sulphate, 

polyphenols and carotenoids from female mussels that will contribute to antioxidant activity and will 

have other health implications. Digestion of Greenshell mussels may also give rise to bioactive 
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peptides. Little information has been published about these bioactives and the health properties of 

steamed Greenshell mussels. However, it is not surprising that for the last 30 years dried 

Greenshell mussel powder has been sold as a health supplement for its anti-inflammatory 

properties and the treatment of arthritis in humans and in animals. This product originally arose 

from observations of the low incidence of arthritis in segments of the New Zealand population that 

consumed significant quantities of Greenshell mussels. 

 

Most of the focus in Greenshell mussel powder supplements has been on the health properties of 

the mussel oil in the powder which is high in EPA, DHA and other omega-3’s with little emphasis 

on these other components that have also been shown to have antioxidant and health properties. 

 

Pacific oysters  
A 100g serving of raw Pacific oysters is a good source of protein and would supply about 20% of 

the daily requirement for an adult. They are also a low fat, low calorie food. However, similarly to 

Greenshell mussels, because their lipids are high in omega-3 fatty acids they are a very good 

source of omega-3’s. There is no published data on the specific polyunsaturated fatty acids or 

relative ratio of omega-3 to omega-6 in New Zealand Pacific oysters. 

 

Similarly to Greenshell mussels, Pacific oysters are also a very good source of essential minerals, 

such as selenium, zinc, copper, iodine, iron, manganese, as well as vitamin B12. Pacific oysters 

are also a good source of phosphorus, magnesium, niacin and vitamin C and contain significant 

amounts of glycogen and taurine. Although no New Zealand data is available for the later two 

bioactives. 

 

Blue mussels 

Until recently there was little commercial interest in developing products and markets for New 

Zealand blue mussels, therefore there is little published data available for general proximate 

analysis and other nutritional components. Using overseas data, cooked blue mussels (Mytilus 

edulis sp.) are appreciated as a good source of vitamin C, thiamine, riboflavin, folate, phosphorus 

and zinc and as a very good source of protein, vitamin B12, iron, manganese and selenium. The 

relatively high level of cholesterol (56mg/100g cooked meat) may be a concern to some 

consumers. 

 

From this summary of published data it is evident that for New Zealand king salmon, Greenshell 

mussels and Pacific oysters there is sufficient information to be able to make some nutrition claims 

in specific markets. Especially with respect to omega-3 content, protein content and minerals such 

as selenium, iron, iodine, as well as for some vitamins. 

 

In the US the FDA have determined that if a seafood has greater than 130mg EPA and/or DHA in a 

daily serving then a label nutrition claim can be made. A single serving of New Zealand king 

salmon, Greenshell mussels and Pacific oysters will easily meet these criteria. 
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A strategy forward 

There is little doubt that increased consumption of products made from the seafoods discussed in 

this report would have significant health benefits for most people in the general population and for 

some diseased segments of the population the benefits would be even greater (e.g. CVD, diabetes 

and arthritis affected people). The encouragement for increased consumption of seafood would be 

an important public health initiative. 

 

It is probable that these health benefits will arise not from one specific bioactive component of the 

seafood but from a number of them and from interactions between bioactive components affecting 

multiple physiological pathways and sites in the body. These interactions between bioactive 

components and the body are very complex and can be very powerful. It follows that making 

specific health claims about a food can also be a complex and difficult process, especially since 

claims need to be backed up with positive human experimental data. 

 

An alternative to making health claims about New Zealand aquacultured products would be to 

support and help publish research on the links between consuming New Zealand seafood’s and 

specific health outcomes. Publicising this research will improve brand value over the long-term. A 

concomitant outcome would be the spin-off of specific nutraceutical products from the New 

Zealand aquaculture industry.  

 

Although New Zealand has a good database of the nutritional components in its aquacultured 

seafoods there are significant gaps in knowledge. Some of these gaps have arisen from a lack of 

priority, such as for basic information on blue mussel composition and changes with season. While 

other gaps are due to increased knowledge of the importance of under-researched nutritional 

components, such as taurine, vitamin D and some minerals, and their interactions with other 

components.  

 

Little effort has been spent in identifying other sources of antioxidants, such as polyphenols from 

mussels and oysters. There is a need for research to quantify the antioxidant contribution from 

New Zealand seafoods. 

 

The greatest gap in information however, is in the area of the links between consumption of New 

Zealand aquacultured seafoods and their benefits for human health. The fact that even a modest 

seafood consumption (or modest increase) can lead to significant health benefits for a population 

needs to be developed beyond just the contribution of high omega-3 consumption to include 

contributions from other functional components. Because of the potential for national health 

benefits and consequent reduction in health costs, this work would support justification for 

increased consumption of seafoods as a national health priority. 
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2. Introduction 
 

Scientific and technical developments in seafood have led to an increasing awareness among 

consumers that dietary source and degree of processing is important for their health, to such an 

extent that in some markets there is an increasing reluctance to pay more for products not 

perceived as offering significant health benefits. As a consequence, the ability to identify healthy 

components in a food and to promote this information to enable consumers to make healthy food 

choices can be a powerful marketing tool. In a wider context, when applied to whole populations as 

a public health measure, making healthier food choices can prevent disease and provide 

exceptional value in that the cost of modifying diet is minimal. 

 

With the rise in food nutrition and health claims there has also been an increasing wariness about 

some of the claims by both consumers and regulatory authorities (Todd 2009; Anon 2010a; Anon 

2010b; Hamburg 2010). Consequently, to increase market value over the long-term there is a need 

to ensure that any promotion is supported by good nutritional and compositional information.  

 

To make health claims about a nutrient or ingredient in a food requires a more rigorous approach. 

For example, the US FDA has set-up an evidence-based review system for evaluating health 

claims (Anon 2009). The process for gathering sufficient evidence to support a health claim is 

discussed in detail by Finley (2005). In the EU, when making a voluntary nutrition or health claim 

you must comply with the requirements of European Regulation (EC) No 1924/2006 on nutrition 

and health claims made on food (see http://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32006R1924R(01):EN:NOT).  

 

A nutrition claim is any claim which states, suggests or implies that a food has particular beneficial 

nutritional properties due to the presence, absence, increased or reduced levels of energy or of a 

particular nutrient or other substance, and includes claims such as “source of calcium”, “low fat”, 

“high fibre” and “reduced salt”. These claims must be substantiated by generally accepted scientific 

evidence. A health claim is any claim that states, suggests or implies that a relationship exists 

between a food category, a food or one of its constituents and health. This would include claims 

such as “calcium helps build strong bones”. More general claims such as “good for you” may also 

be health claims, and the regulation takes these into account. 

 

To date, most effort has been spent on determining basic nutritional information for foods, such as 

proximate analyses (moisture, protein, carbohydrate, lipids and minerals), vitamins (e.g. water-

soluble B and C vitamins, folate and oil-soluble vitamins A, D, E, K) and minerals. And although 

New Zealand has an extensive database of seafood compositional data (Vlieg 1984; Vlieg 1985; 

Vlieg 1985; Vlieg 1988; Vlieg and Body 1988; Vlieg, Body et al. 1988; Vlieg 1990; Vlieg, Body et al. 

1991; Vlieg, Lee et al. 1991; MacDonald, Hall et al. 2000; MacDonald, Hall et al. 2002; 

Lesperance, Clark et al. 2009), there is still great scope for identifying bioactive compounds in 
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seafood’s to create value by changing markets perception of the quality and value of New 

Zealand’s aquaculture products. 

 

There has been growing interest in the health-promoting role of certain foods above their traditional 

nutritional value. Thus, research efforts to identify functional and bioactive components from many 

natural foods, including seafood’s, have been increased. Significant health benefits from modest 

fish consumption have been observed. A recent meta-analysis study found that people who ate fish 

at least once a week significantly reduced the risk of cardiovascular disease (CVD) by 15% (He, 

Song et al. 2004). There was a dose-response relation between fish consumption and lower CVD 

mortality, with 7% lower CVD mortality rates with an increased consumption of 20g/day of fish (lean 

and fatty fish). 

 

 The health aspects of seafood have primarily, and since the discovery of the low incidence of CVD 

in Greenland Eskimos, been linked to high intakes of marine omega-3 polyunsaturated fatty acids 

in particular eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA, 20:6n-3) 

(Dyerberg, Bang et al. 1978). Possible contributions from other functional components, such as 

taurine and selenium, have at least partly been neglected (Elvevoll, Eilertsen et al. 2008).  

 

There are many components in fish that may protect against CVD. Fish is rich in omega-3 fatty 

acids, calcium, selenium, vitamin D, taurine and Coenzyme Q10 (Savige 2001). In other studies 

marine low molecule weight components with antioxidative effects, such as tocopherols, 

Coenzyme Q10, selenium and also taurine have attracted special attention due to their possible 

prevention of low-density lipoprotein oxidation. In recent studies the link between the levels of 

polyphenol antioxidants in mussels and reducing plasma lipids, for lowering cholesterol and other 

health benefits has been suggested (Leontowicz, Leontowicz et al. 2008). Section 3 gives a brief 

introduction to each component and its significance to seafood’s.  

 

Farmed seafood’s are natural products and can be subject to normal seasonal variations in 

composition that can affect nutritional functional properties. An increased understanding of these 

compositional variations would be worthwhile so that reasonable average compositional data can 

be used by the industry for labelling and for health claims.  

 

The aims of this report are to 1) identify healthy components and nutritional benefits of New 

Zealand aquacultured seafood’s, specifically New Zealand king salmon (Oncorhynchus 

tshawytscha), Greenshell mussels (Perna canaliculus), Pacific oysters (Crassostrea gigas) and 

blue mussels (Mytilus edulis aoteanus), and 2) to identify benefits that could be used to promote 

these seafood’s. Any gaps in information will also be highlighted. 
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3. Brief description of some nutritionally functional and 

bioactive components in seafood’s 

 

3.1 Proteins and biologically active peptides 
 Proteins 

Seafood’s are considered a valuable source of proteins. Fish muscle protein is generally rich in 

lysine, the sulphur-containing amino acids and threonine, which are limiting amino acids in cereal-

based diets. Therefore, increasing the proportion of marine fish in the diet of people where cereals 

are the main protein source, is an effective way to improve their nutritional status. This is also why 

fishmeal and other fish products (e.g. silage) are valued as components in animal feeds. 

 

Taurine 
The essential amino acid taurine may reduce serum cholesterol by altering the activity of certain 

enzymes that either influence cholesterol metabolism through bile acid synthesis or inhibit its 

absorption from the intestine. Marine species and particularly marine invertebrates contain high 

concentrations of taurine. Fish muscle consumption is reported to result in increased 

concentrations of serum taurine when compared to beef and chicken. Although commonly used as 

a dietary supplement in the Far East the potential advantages of dietary taurine consumption are 

starting to be recognised (Elvevoll, Eilertsen et al. 2008; Luten, Schram et al. 2008; Dragnes, 

Larsen et al. 2009). Levels of taurine in salmon range from 0.23-0.60mg/g wet weight (Gormely, 

Neumann et al. 2006). In Pacific oysters and blue mussels taurine has been shown to vary with 

salinity and size (Lange 1963; Hosoi, Kubota et al. 2003; Babarro and Fernandez Reiriz 2006; 

Kube, Gerber et al. 2006). 

 

Cats are unable to synthesis taurine and therefore need a dietary source of this essential amino 

acid. Consequently, seafood is a key ingredient in many high-end pet foods. 

 

Biologically active peptides 
When digested, some foods can generate bioactive peptides, such as ACE-inhibitors that 

contribute to lowering blood pressure. There has been much research activity to identify bioactive 

peptides from seafoods, especially from salmon, mussels and tuna, that may help reduce blood 

pressure (Oshima 1998; Ono, Hosokawa et al. 2002; Kitts and Weiler 2003; Ono, Hosokawa et al. 

2006; Sankaran and Mouly 2007; Brien, Prescott et al. 2008; Enari, Takahashi et al. 2008; 

Erdmann, Cheung et al. 2008; Leontowicz, Leontowicz et al. 2008; Medenieks and Vasijevic 2008; 

Moller, Scholz-Ahrens et al. 2008; Shibamoto, Kanazawa et al. 2008; De Leo, Panarese et al. 

2009; Dragnes, Stormo et al. 2009; Ewart, Dennis et al. 2009; Kristinsson 2009; Mendis and Kim 

2009; Nakajima, Yoshie-Stark et al. 2009; Patil, Jayaprakasha et al. 2009; Yoshikawa and Fujita 
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2009). Angiotensin converting enzyme (ACE) converts the inactive angiotensin I to a potent 

vasoconstrictor, angiotensin II. Since the discovery of ACE in 1954 several synthetic ACE-inhibitory 

drugs have been designed for the treatment of hypertensive patients. By inhibiting ACE blood 

pressure can be lowered. 
 

The work of Dragnes, Elvevoll and colleagues has focussed on the interaction of taurine, ACE 

inhibitors and omega-3 oils from salmon and other seafood’s (Dragnes, Larsen et al. 2009; 

Dragnes, Stormo et al. 2009) for promotion of health. Two products have already been developed 

in Japan focussed on making biologically active peptides available for health reasons, these 

products are based on dried tuna, one is called katsuobushi oilgopeptide, while the other is called 

Peptide Soup (Nippon, Japan) for the treatment of hypotension. 

 

A range of other biologically active peptides have also been identified from seafood’s. These can 

be antioxidant, antithrombotic, hypocholesterolomeric and hypotriglyceridemic peptides (Erdmann, 

Cheung et al. 2008; Moller, Scholz-Ahrens et al. 2008).  

 

Diets rich in protein are known to suppress food intake and facilitate short-term weight loss even 

more effectively than high-carbohydrate diets and this can be used in the management of obesity. 

So far the only proteins that have been shown to have antiobesity properties are soy, casein and 

whey proteins with soy being the most effective (Erdmann, Cheung et al. 2008).  

 

 

3.2 Long chain polyunsaturated fatty acids 
Long chain omega-3s are essential fatty acids important for overall health. They cannot be 

synthesized in the body and hence have to be supplied in the diet. They play a major role in heart 

health and the prevention and management of cardiovascular disease (CVD), the management of 

rheumatoid arthritis and chronic pain management (Calder and Yaqoob 2009; Riediger, Othman et 

al. 2009; Yashodhara, Umakanth et al. 2009). They may be beneficial in inflammatory bowel 

diseases, childhood learning, and behaviour, and adult psychiatric and neurodegenerative 

illnesses. DHA has an important structural role in the eye and the brain, and its supply in early life 

is known to be of vital importance. Recent studies suggest that eating 0.5 to 1 gram of fish oil daily 

reduces the risk of heart disease death in middle-aged American men by 40 percent. 

 

Omega-6 fatty acids encourage the formation of eicosanoids called prostaglandins and 

leukotrienes. These are potent chemicals which can increase platelet and monocyte activity 

respectively, thus increasing the risk of heart attack. Omega-6 and omega-3 fatty acids compete 

with each other for key enzymes such as cyclo-oxygenase. Therefore, the amount of omega-6 and 

omega-3 fatty acids, the omega-6:omega-3 ratio, is very important. For example, Americans eat 17 

times as much omega-6 fatty acid, usually in the form of vegetable oil, as they eat omega-3, which 

is very unhealthy. Ideally people should eat approximately 5 to 10 times as much omega-6 fatty 
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acid as omega-3 fatty acid, a 5 - 10:1 ratio (FAO 1974). The health benefits are an increase in 

prostacyclin and a decrease in thromboxane. Prostacyclin reduces platelet activity (clotting) and 

prevents heart attacks by preventing arterial spasms. A decrease in thromboxane is also desirable 

because it increases platelet activity and arterial spasms, the opposite effect of prostacyclin. 

 

Current intakes of long chain omega-3s are low in most individuals living in Western countries and 

adequate intakes (AI) and suggested dietary targets for these oils of 500mg daily of 

docosahexaenoic acid (20:6n-3, DHA) and eicosapentaenoic acid (20:5n-3, EPA) have been put 

forward by a number of government and medical authorities. The National Health and Medical 

Research Council (NHMRC) of Australia has suggested dietary targets of 430mg/day and 

610mg/day of EPA, DPA and DHA for females and males over 14 years. These are similar to 

recent recommendations from the National Heart Foundation of Australia (NHFA) in their position 

statement “Fish, fish oils and omega-3 polyunsaturated fatty acids” (2008) where 500mg daily of 

DHA and EPA is recommended to lower risk of CVD. A more comprehensive world-wide list of 

current and recommended intakes for polyunsaturated fatty acid and omega-3’s for adults, 

pregnant and nursing women is in Borghi (2008). 

 

People with disease conditions such as rheumatoid arthritis and cardiovascular disease may 

benefit from higher levels of long chain omega-3s. Around 3g EPA and DHA per day are 

recommended for assistance with analgesic relief in rheumatoid arthritis. At least 1g EPA and DHA 

per day are recommended for existing cardiovascular disease and 1.2 – 4g EPA and DHA (or DHA 

alone) has been shown to be effective for treatment of high blood triglycerides and is 

recommended by the NHFA.  

 

 Regulations are different for each country, but for omega-3 claims in New Zealand or Australia 

they need to satisfy the following guidelines (from Australian New Zealand Food Standards Code 

www.foodstandards.govt.nz/srcfiles/P293%Health%20Claims%20FAR%20Attach%205%20FINAL1.pdf). 
 

• For a source of omega 3, the food must contain at least 200 mg alpha-linolenic acid 

[18:3(w3), ALA] per serving or 30 mg total EPA or DHA per serving. 

• For a good source of omega 3, the food must contain at least 60 mg total EPA and DHA 

per serving. 
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3.3 Minerals 
 

Calcium 

Fatty fish is a good source of calcium. Calcium may protect against CVD by favourably influencing 

blood pressure. Recent studies suggest that calcium supplementation of 1000-2000mg per day 

may lower systolic blood pressure. 

 

 

Selenium 

Fish is rich in the essential mineral selenium and as selenium is important in the function of a 

number of antioxidant enzymes, such as the glutathione peroxidises, it may potentially retard 

development of CVD (Rayman 2000). Selenium is needed for the proper functioning of the immune 

system and a deficiency has been linked to adverse mood states. An elevated selenium intake may 

be associated with reduced cancer risk (Rayman 2000). New Zealand, Finland and some parts of 

China have soils deficient in selenium, which can result in low dietary intakes. Fish is recognised 

as a good source of selenium and there is a good relationship between fish consumption, selenium 

intake and health benefits (Berr, Akbaraly et al. 2009). 

 

 

Iron 

Most of the 3g of iron in a 70kg man is found in the two proteins haemoglobin and myoglobin that 

bind oxygen in the body. Dietary iron from meat is much more readily absorbed than is inorganic 

iron from cereals and vegetables and cooking improves availability. Iron deficiency is Australia’s 

most common nutritional deficiency affecting about one in twelve women. This arises when 

supplies of iron are insufficient to meet daily losses, leading to a reduction in body stores. 

 

 

Iodine 

Iodine, as a constituent of thyroxin, plays a role in the efficient conversion of beta-carotene into 

vitamin A, with a subsequent increase in the efficiency of protein synthesis and cholesterol 

absorption. Iodine deficiency is the primary cause of simple goitre and has been linked to cretinism. 

Low iodine levels are the cause of iodine deficiency disorders, which are estimated to affect more 

than 1.6 billion people world wide, especially in China, Latin America, South East Asia and the 

Eastern Mediterranean. Iodine is readily absorbed from foods. 
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3.4 Vitamins and coenzymes 
 

Vitamin D 

Vitamin D is essential for promoting calcium absorption in the gut. It has other roles in human 

health, including modulation of neuromuscular and immune function and reduction of inflammation 

(Anon 2010c). Vitamin D insufficiency has now reached epidemic proportions and has been linked 

to increased body fat and decreased muscle strength (Zittermann 2003). Fish, especially fatty fish, 

is one of the few foods containing vitamin D. Vitamin D is important in cell differentiation. Therefore 

it may play a role in dampening down atherogenesis (forming plaques on the walls of arteries), a 

process that has proliferative features. 

 

Coenzyme Q10 

Coenzyme Q10 (also called ubiquinone) plays an important role in energy metabolism in animal 

tissues. It also has antioxidant properties. Coenzyme Q10 protects low-density lipoprotein against 

oxidation and so may play a role against atherosclerosis (Weber, Bysted et al. 1997). 

Concentrations of CoQ10 in fish range from 4 to 64microg/g of fish (Weber, Bysted et al. 1997). 

Concentrations in blue mussels have been measured as 4microg/g (Farbu and Lambertsen 1979). 

 

 3.5 Carotenoids and other coloured compounds 
 

Astaxanthin 

Astaxanthin is a red coloured, bioactive pigment found in salmon flesh. It is a fat-soluble carotenoid 

closely related to common pigments found in vegetables and fruits such as beta-carotene. It 

normally comes from the salmon feed and is added to farmed salmon feed to give the flesh greater 

consumer acceptability and to aid the growth of the fish. Astaxanthin is a potent antioxidant that 

can prevent the degradation of PUFAs and phospholipids. Studies have shown astaxanthin has 

stronger antioxidant activity than vitamin E (up to 500 times) and other carotenoids (Olaizola 2009). 

Astaxanthin is also sold as a human anti-inflammatory nutraceutical. Significantly, users have 

reported that astaxanthin was as effective as, or more effective than, either prescription or over-

the-counter anti-inflammatory drugs (Olaizola 2009). 

 

 

Polyphenols 

Polyphenols are bioactive antioxidant substances that have an aromatic ring with one or more 

hydroxy substituents (Ho 1992; Serrano, Puupponen-Pimia et al. 2009). They occur widely in food 

plants and are known as good sources of natural antioxidants (Finley 2005). Polyphenols also 
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occur in molluscs such as mussels and oysters in the flesh (Moncheva, Trakhtenberg et al. 2004), 

and as tannins in the gut (Labieniec, Gabryelak et al. 2003; Labieniec and Gabryelak 2007) where 

they can provide substantial antioxidant properties. Little has been published relating the 

antioxidant properties of polyphenols in mussels and oysters to the health of consumers. However, 

Leontowicz et al. (2008) have shown that eating mussels (blue mussels, Mytilus galloprovincialis) 

significantly hindered the rise in plasma lipids, improved plasma antioxidant activity and improved 

protein metabolism in rats. These effects depended on the relative level of antioxidants in the 

specific mussels. 

 

 

3.6 Other possible bioactive components 
 
Glycogen 

Glycogen is a significant glucose-based energy storage compound in mussels and oysters that is 

extracted and sold for fine chemical use. It may also have bioactive properties. However, there is 

some controversy as to the anti-inflammatory activity of glycogen from Greenshell and blue 

mussels and its effectiveness for treating degenerative joint diseases (Miller, Dodd et al. 1993; 

Goggs, Vaughan-Thomas et al. 2005). 

 

 
Proteoglycans (glycosaminoglycans (GAGs), chondroitin sulphate, glucosamine, hyaluronic 

acid)  

Proteoglycans are a heterogeneous group of complex polysaccharides found in mussels and 

oysters that have been shown to have anti-inflammatory properties and have been used in the 

treatment of osteoarthritis (Volpi and Maccari 2003; Cesaretti, Luppi et al. 2004; Volpi and Maccari 

2005).  

 
 



 

 15 

 4. Review of available information on New Zealand 

aquaculture species 
 

4.1 Sources of nutritional information 
 

Some nutritional and compositional information is publically available in the New Zealand Concise 

Food Tables that are published and jointly owned by Plant and Food Research Ltd and the New 

Zealand Ministry of Health (Lesperance, Clark et al. 2009). Further, more detailed information on 

Greenshell mussels and Pacific oysters is held in the confidential Plant and Food database called 

“Foodfile”. New data on New Zealand king salmon is planned to be included in the next revised 

editions of the Foodfile database and the Concise Food Tables (Edition 9) due to be released later 

in 2010. Plant and Food and the Ministry of Health have kindly contributed some of their new data 

to be used in the following tables. Following discussions with Plant and Food, a recommendation 

has been made to include analyses for vitamin D and for blue mussels in future work. 

 

4.2 Summary of nutritional information 
 

Nutrient data for New Zealand king salmon, Greenshell mussels and Pacific oysters is summarised 

in Table 1 and compared to the latest Dietary Reference Intake (DRI) values from the USA. A more 

detailed analysis, discussion and summary for each species is in the following sections. The limited 

data for New Zealand blue mussels is also summarised in a following section. 

 

For simplicity, the DRI values used in Table 1 are from published data (see Appendix 1). The DRI 

are the most recent set of dietary recommendations established for the general adult population by 

the Food and Nutrition Board of the Institute of Medicine (USA). For full DRI values and discussion 

of the needs of the general adult population as well as for special dietary groups see (Anon 2005). 

Many of these RDI’s are also, or very close to, Recommended Dietary Allowances (RDA) which 

are set to meet the needs of almost all (97 to 98 percent) of the individuals in specific groups (e.g. 

age-related, pregnant and lactating groups). 

 

The upper limit is the upper level of intake considered to be safe for use by adults, incorporating a 

safety factor. In some cases lower upper limits have been established for children. 

 

A reference value for energy expenditure has been used of 8,400kJ per day, equivalent to 

2,000kcal per day. This is close to the lower end of the range of estimated energy requirements for 

30 year old adults, where a sedentary female may expend 6,800kJ per day (1625kcal/day) 

whereas a very active male may expend 15,572J per day (3720kcal/day), consequently a person’s 
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daily value may be higher or lower depending on their individual needs. A more detailed discussion 

of the relationship between a person’s body mass index, level of activity and energy requirements 

is in (Anon 2005). 

 

Generally, nutrient values greater than 30% RDI mean the food is a very good source, and greater 

than 20% RDI means the food is a good source of that nutrient. In the following summary tables for 

each species these values are highlighted with yellow for a very good source and green for a good 

source.  

 
Table 1. Summary of nutritional information for 100g of NZ king salmon (raw), Greenshell 

mussels (Steamed and raw) and Pacific oysters (raw). For comparison the USA 
Recommended Dietary Intake and Upper Limit for some nutrients are also shown. 

 
 
 

Component 

Units 
per 

100g 

Greenshell 
Mussels 
(Raw)1 

Greenshell 
Mussels 

(Steamed)1 

Pacific 
Oysters 
(Raw)1 

King 
Salmon 
(Raw)2,3 

Dietary 
Reference 

Intake 

 
Upper 
Limit 

Water g 71.9 70.19 79.7 57.9   

Energy kJ 414 440 341 1157 8400  

Protein g 17.7 18.8 13.1 18.1 56  

Fat g 2.9 3.1 3.2 23.1 40  

Carbohydrate g 3.9 4.1 1.2 0   

Ash g 3.2 3.4 2.7 0.9   

Calcium mg 163 173 72 8.9 1300 2500 

Copper mg 0.18 0.19 4.21 0.03 0.9 10 

Iodide microg 245 172 97 4.7 150 1100 

Iron mg 10.3 10.9 5 0.23 18 45 

Magnesium mg 77.8 82.5 87.6 26.5 420  

Manganese microg 846 898 1200  2300 11000 

Phosphorous mg 311 330 164 238 700 4000 

Potassium mg 376 399 191 375   

Selenium microg 71.2 75.6 53 23 55 400 

Sodium mg 521 226 598 27.8  2300 

Zinc mg 1.5 1.6 15 0.3 11 400 

Total Vitamin A microg 38.7 41.1 24.3 61.7 900 3000 

Thiamin mg 0.02 0.02 0.08 0.15 1.2 ND 

Riboflavin mg 0.17 0.18 0.27 0.1 1.3 ND 

Niacin equivalents mg 5.3 5.6 4.2 6.8 16 35 

Vitamin B6 mg 0.08 0.08 0.04 0.47 1.7 100 

Vitamin B12 microg 19 20 17 1.3 2.4 ND 

Vitamin C mg 5 5 12 3 90 2000 

Vitamin D3 microg   1.0 20.1 15 50 

Vitamin E mg 0.74 0.79 0 3.6 15 1000 

Cholesterol mg 29 30.1 35 48   

Saturated Fatty Acids g 0.86 0.91 1.1 6   

Monounsat. Fatty 
Acids 

g 0.58 0.61 0.68 9.5   

Polyunsat. Fatty Acids g 0.88 0.94 0.75 6.1 1.6  

Notes:  
1. From Lesperance et al. (2009) 
2. From Lesperance et al. (2009) preliminary data for 2010 edition. 
3. Data from NZ King Salmon database of product analyses. 
4. The following references were also used to verify mineral data (Vlieg 1990; Vlieg et al. 1991). 
5. ND Upper Limit not determined. No adverse effects observed from high intakes of the nutrient. 
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4.3 Summary for New Zealand king salmon 
Basic proximate analysis, minerals and vitamins in New Zealand king salmon are summarised in 

Table 2. A typical serving size of 150g (3.5oz) has been used for comparison with DRI and Upper 

Limit values. 

 

Table 2.  Comparison of New Zealand king salmon nutritional values for raw fillet with DRI 

values and upper limits. Values highlighted in yellow are greater than 30% RDI. 

 
Component 

 
Units per 

150g 

 
King Salmon 

(Raw) 

Dietary 
Reference 

Intake 

 
Upper Limit 

 
Percentage  

of RDI 

Percentage 
of Upper 

Limit 
Water g 86.9     

Energy kJ 1735.5 8400  20.7  

Protein g 27.2 56  48.5  

Fat g 34.7 40  86.6  

Carbohydrate g 0     

Ash g 1.4     

Calcium mg 13.4 1300 2500 1.0 0.5 

Copper mg 0.05 0.9 10 5.0 0.5 

Iodide microg 7.1 150 1100 4.7 0.6 

Iron mg 0.3 18 45 1.9  

Magnesium mg 39.8 420  9.5  

Manganese microg  2300 11000   

Phosphorous mg 357.0 700 4000 51.0 8.9 

Potassium mg 562.5     

Selenium microg 34.5 55 400 62.7 8.6 

Sodium mg 41.7  2300  1.8 

Zinc mg 0.5 11 400 4.1 0.1 

Total Vitamin A microg 92.6 900 3000 10.3 3.1 

Thiamin mg 0.23 1.2 ND   

Riboflavin mg 0.2 1.3 ND   

Niacin equivalents mg 10.2 16 35 63.8 29.1 

Vitamin B6 mg 0.71 1.7 100 41.5 0.7 

Vitamin B12 microg 2.0 2.4 ND 81.3  

Vitamin C mg 4.5 90 2000 5.0 0.2 

Vitamin D3 microg 30.2 15 50 201.0 60.3 

Vitamin E mg 5.4 15 1000 36.0 0.5 

Cholesterol mg 72     

Saturated Fatty Acids g 9     

Monounsat. Fatty Acids g 14.3     

Polyunsat. Fatty Acids g 9.2 1.6  571.9  
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Table 2a. Summary of New Zealand king salmon nutritional characteristics. 

Note, comments in lighter text are possible but not yet scientifically proven for this 

fish. 

 

Energy 

Protein 

Lipid 

Will provide close to half the protein needs for a person. Because of its 

high lipid content, it will also supply more than half the daily fat intake for 

a person. 

Vitamins 

and 

Minerals 

Low in sodium. 

A very good source of selenium, phosphorus, and vitamins B6, B12, D3 

and E. 

 

Omega 3s 
Per 150g 

Total n-3s: 

EPA/DHA ratio: 
n-6:n-3 ratio: 

3.4g – a very good source of omega-3’s 

1.29 

1:1.48  

Other  • Taurine for enhanced performance. 

• ACE inhibitors for lowering blood pressure. 

• Astaxanthin (about 5-12mg/kg) for antioxidant activity 

 

 

One to two servings per week would supply sufficient omega-3s for an average person’s needs. 

For a person with existing CVD a higher intake of omega-3s of 1g/day has been shown to be 

beneficial, and or people with rheumatoid arthritis about 3g/day omega-3s are recommended. 

Consequently, eating New Zealand king salmon more often per week would help supply sufficient 

omega-3’s in the diet and may be a healthy alternative.  

 

There is some evidence to show there is a link between the combination of high omega-3s, high 

selenium, taurine and astaxanthin in salmon to provide strong anti-inflammatory effects in humans 

(Elvevoll, Eilertsen et al. 2008; Berr, Akbaraly et al. 2009), but more work needs to be published to 

provide more scientific evidence.  

 

There is also some evidence to show that when salmon muscle tissue is digested biologically 

active peptides are produced that can have beneficial health effects (Ono, Hosokawa et al. 2002; 

Kitts and Weiler 2003; Ono, Hosokawa et al. 2006; Enari, Takahashi et al. 2008; Erdmann, Cheung 

et al. 2008; Medenieks and Vasijevic 2008; Moller, Scholz-Ahrens et al. 2008; Dragnes, Stormo et 

al. 2009; Ewart, Dennis et al. 2009; Nakajima, Yoshie-Stark et al. 2009). However, although there 

is evidence to show that eating fish regularly will reduce CVD and other diseases, the link is 

probably not yet strong enough to make direct health claims for New Zealand king salmon. 

 

With a fat content of 34.7g per 150g serving the salmon is quite high in fat and would provide about 

87% of the RDI for fat of 40g/day, as well as about 20% of the energy required per day. However, 

as already discussed, many people have energy requirements greater than the reference 
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8400kJ/day (2000kcal/day). Also, to put the 40g per day in context with actual current fat 

consumption, the daily per capita availability of fat in the Oceania nations in 1990 was 138g (mainly 

from meat), which comprised 38% of the dietary energy, a level considered too high for optimum 

health (Jones 2002). In 1995 the median fat intake for Australians aged 19 years and over was 

74.5g per day. Replacing a meal component of meat, with its high saturated fatty acid content, with 

salmon would be a healthy alternative. 

 

Analyses done on New Zealand king salmon in the mid-1980’s showed that ocean-grown salmon 

had 7.2% and freshwater-grown salmon had 4.3% fat in the fillet (Vlieg 1985). Much lower levels of 

fat, which no doubt reflects changes in feeding and rearing practices over this period. Other salmon 

also have lower fat levels in the fillet with about 10.2% in USA Chinook salmon (USDA SR-21) and 

15.6% in farmed Atlantic salmon (Al-Saghir, Thurner et al. 2004). 

 

The level of cholesterol in New Zealand king salmon, with 72mg per serving, may be of concern to 

some consumers. However, recent research has shown that dietary cholesterol has a relatively 

small effect on plasma (blood) cholesterol, although an intake of less than 300mg per day 

cholesterol is usually advised (Anon 2005). 

 

There is little published information about the levels of taurine and astaxanthin in New Zealand king 

salmon. Similarly, to date there is no research showing eating New Zealand king salmon will lower 

blood pressure. 

 

 

4.3.1 Effect of cooking on salmon nutritional characteristics 

 

The study of Larsen et al. (2010) showed that omega-3 fatty acids in New Zealand king salmon 

were very stable and were well preserved during different cooking methods (poaching, steaming, 

microwaving, pan frying, oven baking and deep frying). In this study the fat content of the New 

Zealand king salmon fillets used was 21.6% (compared to 23.1% used as a reference in this 

report) and was only altered appreciably by deep-frying when there was some uptake of the frying 

oil by the fillet (to 26.3% fat). Because sunflower oil was used, which has a high content of linoleic 

acid (an omega-6 fatty acid), there was an increase in omega-6 oil in the salmon, which negatively 

affected the omega3:omega-6 ratio.  

 

It is possible that the high levels of natural antioxidants in the salmon flesh, such as astaxanthin 

and vitamin E, helped protect the omega-3 fatty acids during the different cooking regimes. 
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4.4 Summary for Greenshell mussels 
Basic proximate analysis, minerals and vitamins for Greenshell mussels are summarised in Table 

3. A typical serving size of 100g steamed mussel meat (6 medium size) has been used for 

comparison with RDI and Upper Limit values. Values for steamed mussels have been used as 

most mussels are steamed or cooked in water to facilitate shucking the shell to remove the meat. 

 

Table 3.  Comparison of steamed Greenshell mussel nutritional values with RDI  

values for a 100g serving. Values highlighted in yellow are greater than 30% RDI 

and values highlighted in green are about 20% or greater than the RDI. 

 
 
 

Component 

Units 
per 

100g 

Greenshell 
Mussels 

(Steamed) 

Dietary 
Reference 

Intake 

 
 

Upper Limit 

 
Percentage 

of RDI 

 
Percentage of 
Upper Limit 

Water g 70.19     
Energy kJ 440 8400  5.2  
Protein g 18.8 64  29.4  
Fat g 3.1 40  7.8  
Carbohydrate g 4.1     
Ash g 3.4     
Calcium mg 173 1300 2500 13.3 6.9 

Copper mg 0.19 0.9 10 21.1 1.9 

Iodide microg 172 150 1100 114.7 15.6 

Iron mg 10.9 18 45 60.6 24.2 

Magnesium mg 82.5 420  19.6  

Manganese microg 898 2300 11000 39.0 8.2 

Phosphorous mg 330 1250 4000 26.4 8.3 

Potassium mg 399     

Selenium microg 75.6 55 400 137.5 18.9 

Sodium mg 226  2300  9.8 

Zinc mg 1.6 11 400 14.5 0.4 

Total Vitamin A microg 41.1 900 3000 4.6 1.4 

Thiamin mg 0.02 1.2 ND   

Riboflavin mg 0.18 1.3 ND   

Niacin equivalents mg 5.6 16 35 35.0 16.0 

Vitamin B6 mg 0.08 1.7 100 4.7 0.1 

Vitamin B12 microg 20 2.4 ND   

Vitamin C mg 5 90 2000 5.6 0.3 

Vitamin D3 microg  15 50   

Vitamin E mg 0.79 15 1000 5.3 0.1 

Cholesterol mg 30.1     
Saturated Fatty Acids g 0.91     
Monounsat. Fatty Acids g 0.61     
Polyunsat. Fatty Acids g 0.94 1.6  58.8  

Note; 
1. Vitamin D data was not available for New Zealand Greenshell mussels. 
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Table 3a. Summary of steamed Greenshell mussel nutritional characteristics for  

a 100g serving. Note comments in lighter text are possible but not yet scientifically 

proven. 

 

Energy 

Protein 

Lipid 

 

A high protein, low fat, low calorie food. 

Vitamins 

and 

Minerals 

A very good source of selenium, iodine, iron, manganese and niacin. 

A good source of phosphorus, magnesium, copper and a significant 

source for zinc. 

 

Omega-3s 

Per 100g 

Total n-3s: 

 

EPA/DHA ratio: 
n-6/n-3 ratio: 

1.3g – although low in total lipids, Greenshell 

mussels are a very good source of omega-3’s 

1.8 

1:11.0 – a very high ratio 

 

 

Other  

• Taurine for enhanced performance. 

• Glycogen for anti-inflammatory activity (3-35% dry wgt 

(MacDonald, Hall et al. 2000)). 

• ACE inhibitors for lowering blood pressure. 

• Chondroitin sulphate for anti-inflammatory activity. 

• Carotenoids in female mussels for antioxidant activity? 

• Polyphenols for antioxidant activity 

 

 

A serving of steamed Greenshell mussels is a good source of protein and would supply about 30% 

of the daily requirement for an adult. They are also a low fat, low calorie food. However, because 

their lipids are high in omega-3 fatty acids they are a very good source of omega-3’s, with a very 

good DHA to EPA ratio and low omega-6 content. 

 

Greenshell mussels are also a very good source of a number of essential minerals, such as 

selenium, iodine and iron, consumption of which can have significant health implications. For 

example, selenium is implicated in antioxidant and immune functions in the body and perhaps a 

reduction in CVD. A deficiency of iodine and iron have been linked to widespread health disorders 

in various parts of the world. 

 

In addition to the high omega-3 content, and high content of selenium, Greenshell mussels also 

contain a number of other bioactive components that will contribute to antioxidant activity and will 

have other health implications. Listed in Table 3a are taurine, glycogen, chondroitin sulphate, 

polyphenols and carotenoids from female mussels. Digestion of Greenshell mussels may also give 

rise to bioactive peptides. Little information has been published about these bioactives and the 

health properties of steamed Greenshell mussels. However, it is not surprising that for the last 30 

years dried Greenshell mussel powder has been sold as a health supplement for its anti-
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inflammatory properties and the treatment of arthritis in humans and in animals. This product 

originally arose from observations of the low incidence of arthritis in segments of the New Zealand 

population that consumed significant quantities of Greenshell mussels. 

 

Most of the focus in Greenshell mussel powder supplements has been on the health properties of 

the mussel oil in the powder which is high in EPA, DHA and other omega-3’s (Whitehouse, 

Macrides et al. 1997; Bierer and Bui 2002; Macrides and Kalafatis 2002; Goggs, Vaughan-Thomas 

et al. 2005; Cobb and Ernst 2006; McPhee, Hodges et al. 2007; Singh, Hodges et al. 2007; 

Treschow, Hodges et al. 2007) with little emphasis on these other components that have also been 

shown to have antioxidant and health properties. 

 

 

4.4.1 Seasonal changes in composition of Greenshell mussels 

 

Variations in composition and consequently nutritional components of natural foods is normal and 

an understanding of the magnitude of these variations can be worthwhile when promoting the 

healthy aspects of a seafood.  

 

MacDonald, Hall et al. (2000) reported on a number of studies carried out on Greenshell mussels 

grown in the Marlborough Sounds where the main mussel spat types (local Golden Bay and Kaitaia 

spat from the North Island) were compared when grown in two locations (inner, Hallam Cove and 

outer sounds, Anakoha Bay). They found the growing site and time of year had the most influence 

on raw composition, probably due to differences in feed availability with site and time of year.  

Depending on the time of year and the stage of growth there were also some differences between 

mussels grown from Kaitaia or Golden Bay spat.  

 

Figures 1 and 2 show how oil content and glycogen varied with growth from about 1.2 to 3.7% (wet 

weight meat) for oil and 3 to 36% (dry weight of meat) for glycogen.  

 

Protein varied from 9 to about 16.5% (wet weight of meat) with a trend for decreasing average 

protein with growth (Fig. 3). 

 

There was a good relationship between condition factor (weight of meat/ weight of meat plus shell) 

and the oil contents of the meat (Fig. 4). 
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Figure 1. Changes in oil content of Greenshell mussels grown from two spat types  
(GB, Golden Bay and K, Kaitaia) at two locations in the Marlborough Sounds. Each 
point is the average of 6 individual mussels sampled at that time. From 
(MacDonald, Hall et al. 2000). 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 2. Changes in glycogen content of Greenshell mussels grown from two spat types  

(GB, Golden Bay and K, Kaitaia) at two locations in the Marlborough Sounds. 
Glycogen is expressed as a percentage of the dry weight of the meat. Each point is 
the average of 6 individual mussels sampled at that time. From (MacDonald, Hall 
et al. 2000). 
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Figure 3. Changes in protein content of Greenshell mussels grown from two spat types  
(GB, Golden Bay and K, Kaitaia) at two locations in the Marlborough Sounds. Each 
point is the average of 6 individual mussels sampled at that time. From 
(MacDonald, Hall et al. 2000). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Changes in protein content of Greenshell mussels grown from two spat types  
(GB, Golden Bay and K, Kaitaia) at two locations in the Marlborough Sounds. Each 
point is the average of 6 individual mussels sampled at that time. From 
(MacDonald, Hall et al. 2000). 
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4.5 Summary for Pacific oysters 
 

Basic proximate analysis, minerals and vitamins for Pacific oysters are summarised in Table 4. A 

typical serving size of 100g raw oysters (5 medium size) has been used for comparison with RDI 

and Upper Limit values. 

 

Table 4.  Comparison of raw Pacific oyster nutritional values with RDI values for a 100g 

serving. Values highlighted in yellow are greater than 30% RDI and values 

highlighted in green are 20% or greater than the RDI. 

 

 
 

Component 
 

Units per 
100g 

 
Pacific Oysters 

(Raw) 

Dietary 
Reference 

Intake 

 
Upper 
Limit 

 
Percentage 

of RDI 

 
Percentage of 
Upper Limit 

Water g 79.7     
Energy kJ 341     
Protein g 13.1 56  23.4  
Fat g 3.2 40  2.0  
Carbohydrate g 1.2     
Ash g 2.7     
Calcium mg 72 1300 2500 5.5 2.9 
Copper mg 4.21 0.9 10 467.8 42.1 
Iodide microg 97 150 1100 64.7 8.8 
Iron mg 5 18 45 27.8 11.1 
Magnesium mg 87.6 420  20.9  
Manganese microg 1200 2300 11000 52.2 10.9 
Phosphorous mg 164 700 4000 23.4 4.1 
Potassium mg 191     
Selenium microg 53 55 400 96.4 13.3 
Sodium mg 598  2300  26.0 
Zinc mg 15 11 400 136.4  
Total Vitamin A microg 24.3 900 3000 2.7 0.8 
Thiamin mg 0.08 1.2 ND   
Riboflavin mg 0.27 1.3 ND   
Niacin equivalents mg 4.2 16 35 26.3 12.0 
Vitamin B6 mg 0.04 1.7 100 2.4 0.0 
Vitamin B12 microg 17 2.4 ND 700  
Vitamin C mg 12 90 2000 13.3 0.6 
Vitamin D3 microg 1 15 50 6.7 2.0 
Vitamin E mg 0 15 1000 0.0 0.0 
Cholesterol mg 35     
Saturated Fatty Acids g 1.1     
Monounsat. Fatty Acids g 0.68     
Polyunsat. Fatty Acids g 0.75 1.6  46.9  
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Table 4a. Summary of raw Pacific oyster nutritional characteristics for a 100g serving. 

Note comments in lighter text are possible but not yet scientifically proven. 

 

Energy 
Protein 

Lipid 

 

A high protein, low fat, low calorie food. 

Vitamins 

and 

Minerals 

A very good source of selenium, zinc, copper, iodine, iron, manganese 

and vitamin B12. 

A good source of phosphorus, magnesium, niacin and vitamin C. 

 

Omega-3s 

Per 100g 

Total n-3s: 

EPA/DHA ratio: 

n-6/n-3 ratio: 

1.4g (est.) 

No NZ data is available.  

 

 

Other  • Glycogen (2-10% of dry weight (Ren, Marsden et al. 2003)) for 

anti-inflammatory activity. 

• Taurine (80% of free aminio acids (Hosoi, Kubota et al. 2003)) 

 
 
 

A serving of raw Pacific oysters is a good source of protein and would supply about 20% of the 

daily requirement for an adult. They are also a low fat, low calorie food. However, similarly to 

Greenshell mussels, because their lipids are high in omega-3 fatty acids they are a very good 

source of omega-3s. There is no published data on the specific polyunsaturated fatty acids or 

relative ratio of omega-3 to omega-6 in New Zealand Pacific oysters. 

 

Similarly to Greenshell mussels, Pacific oysters are also a very good source of essential minerals, 

such as selenium, zinc, copper, iodine, iron, manganese, as well as vitamin B12. Pacific oysters 

are also a good source of phosphorus, magnesium, niacin and vitamin C and contain significant 

amounts of glycogen and taurine. Although no New Zealand data was available for the later two 

bioactives. 

 

4.5.1 Seasonal changes in composition of Pacific oysters  

 

Ren, Marsden et al. (2003) studied seasonal variation of biochemical composition of Pacific oysters 

grown in the Marlborough Sounds (Croiselles Harbour) and found that the composition varied 

depending on the reproduction cycle, quality and quantity of the food supply (phytoplankton) and 

seawater temperature. The total protein varied significantly (40 – 63% by dry weight) and reached 

a maximum in December and a minimum in June. Lipids varied from 1 – 8% (by dry weight) with 

the highest coinciding with peaks in phytoplankton biomass in August and April. The glycogen 

varied from 2 – 8% (by dry weight) with a maximum in May to September.  
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4.6 Summary for blue mussels 
 

Until recently there was little commercial interest in developing products and markets for New 

Zealand blue mussels, therefore there is little published data available for general proximate 

analysis and other nutritional components. However, Mclean and Bulling (2005) have published 

data on seasonal changes in lipid contents and these are discussed below. There are also a 

number of papers in the international literature reporting nutritional data for the same or similar 

species from other countries (deZwaan and Zandee 1972; Musgrave, Gould et al. 1987; Murphy, 

Mooney et al. 2002; Orban, Di Lena et al. 2002; Fokina, Nemova et al. 2007) and papers reporting 

on studies on changes in stability of nutritional components with processing and storage 

(Krzynowek and Wiggin 1979; Gokoglu, Erkan et al. 2000; Bindu, Gopal et al. 2004). 

 

 

Table 5. Summary of raw blue mussel nutritional characteristics for a 100g serving. Data is 

from Mclean and Bulling (2005). Note comments in lighter text are possible but not 

yet scientifically proven. 

 

Energy 

Protein 

Lipid 

Very low total lipids with a maximum of 0.6% in spring (Sept.) with large 

variations due to seasonal and feed effects. 

A low fat, low calorie food. 

Vitamins 
and 

Minerals 

 

 

Omega-3s 

Per 100g 

Total n-3s: 

EPA/DHA ratio: 

n-6/n-3 ratio: 

0.13g. 

1.26 

1:12.5 a very high ratio 

Possible 

Other  

• Glycogen (unknown amount) for anti-inflammatory activity? 

• Taurine 

• High level of phospholipids (bioactive?). 

• Bioactive peptides, eg ACE inhibitors. 

• Carotenoids in female mussels for antioxidant activity? 

• Polyphenols for antioxidant properties? 

 
 

Using overseas data, cooked blue mussels (Mytilus edulis sp.) are appreciated as a good source of 

vitamin C, thiamine, riboflavin, folate, phosphorus and zinc and as a very good source of protein, 

vitamin B12, iron, manganese and selenium. A high level of 510mg/100g taurine has been found in 

cultured Norwegian blue mussels (Dragnes, Larsen et al. 2009). The relatively high level of 

cholesterol (56mg/100g cooked meat) may be a concern to some consumers. 



 

 28 

 

5. Nutritional effects of food processing  
 

Nearly every food preparation process reduces the amount of nutrients in food. In particular, 

processes that expose the food to high levels of heat, light, and/or oxygen cause the greatest 

nutrient loss. Nutrients can also be “washed out” from foods by fluids that are introduced during a 

cooking process. For example, water-soluble vitamins, taurine and minerals can be lost during 

blanching or boiling. 

 

Table 6 compares the typical maximum nutrient losses for common food processing methods. The 

table is included as a general guide only. Actual losses will depend on many different factors, 

including type of food and cooking time and temperature. The amount of nutrient loss caused by 

cooking has encouraged some health-conscious consumers to eat more raw foods. In general, this 

is a positive step. However, cooking also is beneficial, because it kills potentially harmful 

microorganisms that are present in the food supply and can make some minerals, such as iron, 

more bio-available. 

 

 

Table 6.  Typical maximum nutrient losses (as compared to raw food).  

From USDA table of nutrition retention factors (2003).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Freezing, Drying, Cooking, and Reheating
Consuming Raw Foods

Grilling Meats

Typical Maximum Nutrient Losses (as compared to raw food)
Vitamins Freeze Dry Cook Cook+Drain Reheat

Vitamin A 5% 50% 25% 35% 10%

  Retinol Activity
Equivalent 5% 50% 25% 35% 10%

  Alpha Carotene 5% 50% 25% 35% 10%

  Beta Carotene 5% 50% 25% 35% 10%

  Beta
Cryptoxanthin 5% 50% 25% 35% 10%

  Lycopene 5% 50% 25% 35% 10%

  Lutein+Zeaxanthin 5% 50% 25% 35% 10%

Vitamin C 30% 80% 50% 75% 50%

Thiamin 5% 30% 55% 70% 40%

Riboflavin 0% 10% 25% 45% 5%

Niacin 0% 10% 40% 55% 5%

Vitamin B6 0% 10% 50% 65% 45%

Folate 5% 50% 70% 75% 30%

  Food Folate 5% 50% 70% 75% 30%

  Folic Acid 5% 50% 70% 75% 30%

Vitamin B12 0% 0% 45% 50% 45%

Minerals Freeze Dry Cook Cook+Drain Reheat

Calcium 5% 0% 20% 25% 0%

Iron 0% 0% 35% 40% 0%

Magnesium 0% 0% 25% 40% 0%

Phosphorus 0% 0% 25% 35% 0%

Potassium 10% 0% 30% 70% 0%

Sodium 0% 0% 25% 55% 0%

Zinc 0% 0% 25% 25% 0%

Copper 10% 0% 40% 45% 0%

This page is an overview of some of the effects that cooking and other food processing methods have on the
nutritional value of foods. See the sections below for specific notes on:

FREEZING, DRYING, COOKING, AND REHEATING

Nearly every food preparation process reduces the amount of nutrients in food. In particular, processes that expose
foods to high levels of heat, light, and/or oxygen cause the greatest nutrient loss. Nutrients can also be "washed
out" of foods by fluids that are introduced during a cooking process. For example, boiling a potato can cause much
of the potato's B and C vitamins to migrate to the boiling water. You'll still benefit from those nutrients if you
consume the liquid (i.e. if the potato and water are being turned into potato soup), but not if you throw away the
liquid. Similar losses also occur when you broil, roast, or fry in oil, and then drain off the drippings.

The table below compares the typical maximum nutrient losses for common food processing methods. This table is
included as a general guide only. Actual losses will depend on many different factors, including type of food and
cooking time and temperature. For additional data on specific preparation methods, please see the USDA Table of
Nutrient Retention Factors (2003).

Back to top

CONSUMING RAW FOODS

The amount of nutrient loss caused by cooking has encouraged some health-conscious consumers to eat more raw
foods. In general, this is a positive step. However, cooking is also beneficial, because it kills potentially harmful
microorganisms that are present in the food supply. In particular, poultry and ground meats (e.g. hamburger) should
always be thoroughly cooked, and the surface of all fruits and vegetables should be carefully washed before eating.
To learn more about preventing common food-borne diseases, visit the Centers for Disease Control and Prevention.

Back to top

GRILLING MEATS

Outdoor grilling is a popular cooking method, primarily because of the wonderful taste it imparts on meats. It can
also be a healthy alternative to other cooking methods, because some of the meat's saturated fat content is reduced
by the grilling process. However, grilling also presents a health risk. Two separate types of carcinogenic compounds
are produced by high-temperature grilling:

heterocyclic amines (HCAs)
HCAs form when a meat is directly exposed to a flame or very high-temperature surface. The creatine-rich
meat juices react with the heat to form various HCAs, including amino-imidazo-quinolines, amino-imidazo-

Nutritional Effects of Food Processing

 
 enter food name  in All food categories

     

Nutritional Effects of Food Processing – NutritionData.com http://www.nutritiondata.com/topics/processing

1 of 3 28/02/10 1:42 PM
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As already discussed, the omega-3 fatty acids in New Zealand king salmon are reasonably stable 

when using various cooking methods (Larsen, Quek et al. 2010), perhaps more heat stable than in 

other fish species. This stability is possibly due to the levels of astaxanthin and other antioxidant 

components in New Zealand king salmon. 

 

During frozen storage of fish and shellfish oxidation of the polyunsaturated fatty acids will occur 

with a consequent loss of valuable omega-3 fatty acids and an increase in off-flavours. The extent 

of this oxidation will depend on the degree of processing, packaging, storage conditions and length 

of storage. Jeong et al. (1990) have studied the changes in lipids during frozen storage of 

Japanese Pacific oysters and found that when the oysters were stored at -20°C there was a loss of 

EPA and DHA with storage time. Losses were reduced when the oysters were stored with an 

antioxidant or when they were stored at -35 compared to -20°C. 

  

Because taurine has recently attracted attention due to its potentially strong contribution to the 

health-promoting affects of seafood, Dragnes and colleagues have measured changes processing 

may have on taurine content in seafoods (Dragnes, Larsen et al. 2009). They found losses of 

taurine in processed products ranged up to 100% when compared to freshly caught fish or 

shellfish. They found cultured Norwegian blue mussels had a high level of 510mg/100g taurine, but 

68% was lost when measured in a processed product blue mussels in brine (161mg/100g). They 

also found there was a 50% loss of taurine in smoked salmon (decreased from 100 to 50mg/100g 

wet weight). 
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6. Identify marketing messages for promotion 

 

An increasing number of foods sold in major international markets bear nutrition and health claims. 

A nutrition claim states or suggests that a food has beneficial nutritional properties, such as “low 

fat”, “no added sugar” and “high in fibre”. A health claim is any statement on labels, marketing or 

advertising that health benefits can result from consuming a given food, for instance that a food 

can help reinforce the body’s natural defences or enhance learning ability.  

  

When making nutrition or health claims all claims have the following general requirements. That 

they have a beneficial effect, that there are significant quantities in the food, the nutrient or 

bioactive is bio-available, that a reasonable amount will be consumed and that the claim will be 

understood by the average consume. A further requirement is that claims must be substantiated by 

generally accepted scientific evidence. 

  

6.1 Making nutrition claims 
The detailed criteria for making nutrition claims varies from market region to market region, and the 

specific regulations for that market should be consulted. It is also important that a company has 

their own database from which they can substantiate any claims made about their product.  

 

From the summary of published data shown in Section 4 it is evident that for New Zealand king 

salmon, Greenshell mussels and Pacific oysters there is sufficient information to be able to make 

some nutrition claims in specific markets. Especially with respect to omega-3 content, protein 

content and minerals such as selenium, iron, iodine as well as for some vitamins. 

 

The processes and criteria for making nutrition claims in either the US or EU markets are similar. 

For example, in Europe (under Regulation (EC) No 1924/2006 on nutrition and health claims made 

on foods) permitted health claims for the following could be made for some products; 

• Source of protein 

• High protein 

• Source of vitamin(s) X 

• Source of mineral(s) X 

• Source of omega-3 fatty acids 

• High omega-3 fatty acids 

 

In the US the FDA have determined that if a seafood has greater than 130mg EPA and/or DHA in a 

daily serving then a label nutrition claim can be made (FDA, 2007). A single serving of New 

Zealand king salmon, Greenshell mussels and Pacific oysters would easily meet these criteria. 
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6.2 Making health claims 
Health claims for foods can be made that are based on generally accepted scientific evidence. Pre-

market approval can also be given for claims that are made using emerging science or protected 

data and/or claims about disease risk-reduction and children’s development and health. 

 

The reality is that making applications to regulatory authorities for health claims about food 

products is an involved process. In January 2008 the EU member states had 44,000 health claims 

submitted, subsequently the European Food Standards Agency then had 4,000 submitted for 

review. They have released opinions for about 1000 claims with the remainder still under review. 

 

The European Food Standards Agency has released positive opinions about the following health 

claims; 

• Vitamin D and immune and muscle function 

• Potassium and normal muscular and neurological function 
• Omega-3 and contribution to normal cholesterol and blood pressure. 

 

 

6.3 A strategy forward 
There is little doubt that increased consumption of products made from the seafoods discussed in 

this report would have significant health benefits for most people in the general population and for 

some diseased segments of the population the benefits would be even greater (eg CVD, diabetes 

and arthritis affected people). The encouragement of consumption of seafood would be an 

important public health initiative. 

 

It is probable that these health benefits will arise not from one specific bioactive component of the 

seafood but from a number of them and from interactions between bioactive components affecting 

multiple physiological pathways and sites in the body. These interactions between bioactive 

components and the body are very complex and can be very powerful. It follows that making 

specific health claims about a food can also be a complex and difficult process, especially since 

claims need to be backed up with positive human experimental data. 

 

An alternative to making health claims about New Zealand aquacultured products would be to 

support and help publish research on the links between consuming New Zealand seafood’s and 

specific health outcomes. Publicising this research will improve brand value over the long-term. A 

concomitant outcome would be the spin-off of specific nutraceutical products from the New 

Zealand aquaculture industry. Three examples of this strategy in action are firstly, the Norwegian 

salmon industry, where the interaction of taurine, selenium and omega-3 for improving blood, heart 

health and for reducing inflammation are being studied (Elvevoll, Eilertsen et al. 2008; Dragnes, 

Larsen et al. 2009; Dragnes, Stormo et al. 2009). 
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Secondly, the Greenshell mussel powder and oil segment of the New Zealand industry where the 

link between Greenshell mussel consumption and anti-arthritis activity has been studied (Bierer 

and Bui 2002; Dobenecker, Beetz et al. 2002; Goggs, Vaughan-Thomas et al. 2005; Kim and 

Mendis 2006; McPhee, Hodges et al. 2007; Brien, Prescott et al. 2008). This has led to a rise in 

value of mussel powder and mussel oil over the last 30 years due to publishing of body of evidence 

for mussel powder effectiveness for reducing inflammatory diseases and for mussel oil as an anti-

inflammatory (Whitehouse, Macrides et al. 1997; Whitehouse 2003; Cobb and Ernst 2006; 

McPhee, Hodges et al. 2007; Treschow, Hodges et al. 2007). 

 

Thirdly, another good example of this strategy in action is the recent publicity about the studies of 

Dr Stonehouse and colleagues at Massey University on the health benefits of eating New Zealand 

king salmon compared to taking fish oil capsules (TV3 News, 10 March 2010; Dominion Post, 10 

December 2008).  
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7. Identify gaps in information 
 

Although New Zealand has a good database of the nutritional components in its aquacultured 

seafoods there are significant gaps in knowledge. Some of these gaps have arisen from a lack of 

priority, such as for basic information on blue mussel composition and changes with season. While 

other gaps are due to increased knowledge of the importance of under-researched nutritional 

components, such as taurine, vitamin D, polyphenols and some minerals, and their interactions 

with other components.  

 

Identifying sources of antioxidants from fruits, vegetables and other foods and the potential health 

benefits of these has received a large amount of research effort (Ho 1992; Finley 2005; Blasa, 

Candiracci et al. 2006; Serrano, Puupponen-Pimia et al. 2009), however, little effort has been 

spent in identifying other sources of antioxidants, such as polyphenols from mussels and oysters. 

There is a need for research to quantify the antioxidant contribution from New Zealand seafoods. 

 

The greatest gap in information however, is in the area of the links between consumption of New 

Zealand aquacultured seafoods and their benefits for human health. The fact that even a modest 

seafood consumption (or modest increase) can lead to significant health benefits for a population 

needs to be developed beyond just the contribution of high omega-3 consumption to include 

contributions from other functional components. Because of the potential for national health 

benefits and consequent reduction in health costs, this work would support justification for 

increased consumption of seafoods as a national health priority. 
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Appendix 1. Vitamin and mineral recommendations 
 

Vitamins: Comparison of Current RDIs, New DRIs and ULs  

VITAMIN  CURRENT RDI*  NEW DRI**  UL***  

Vitamin A  5000 IU  900 mcg (3000 IU) 3000 mcg (10,000 IU)  

Vitamin C  60 mg  90 mg  2000 mg  

Vitamin D  400 IU (10 mcg)  15 mcg (600 IU)  50 mcg (2000 IU)  

Vitamin E  30 IU (20 mg)  15 mg #  1000 mg  

Vitamin K  80 mcg  120 mcg  ND  

Thiamin  1.5 mg  1.2 mg  ND  

Riboflavin  1.7 mg  1.3 mg  ND  

Niacin  20 mg  16 mg  35 mg  

Vitamin B-6  2 mg  1.7 mg  100 mg  

Folate  400 mcg 
(0.4 mg)  

400 mcg from food, 
200 mcg synthetic ## 

1000 mcg synthetic  

Vitamin B-12  6 mcg  2.4 mcg ###  ND  

Biotin  300 mcg  30 mcg  ND  

Pantothenic acid  10 mg  5 mg  ND  

Choline  Not established  550 mg  3500 mg  

* The Reference Daily Intake (RDI) is the value established by the Food and Drug Administration (FDA) for use in nutrition 

labeling. It was based initially on the highest 1968 Recommended Dietary Allowance (RDA) for each nutrient, to assure 

that needs were met for all age groups. 

** The Dietary Reference Intakes (DRI) are the most recent set of dietary recommendations established by the Food and 

Nutrition Board of the Institute of Medicine, 1997-2001. They replace previous RDAs, and may be the basis for 

eventually updating the RDIs. The value shown here is the highest DRI for each nutrient.  

*** The Upper Limit (UL) is the upper level of intake considered to be safe for use by adults, incorporating a safety factor. In 

some cases, lower ULs have been established for children. 

# Historical vitamin E conversion factors were amended in the DRI report, so that 15 mg is defined as the equivalent of 22 

IU of natural vitamin E or 33 IU of synthetic vitamin E. 

## It is recommended that women of childbearing age obtain 400 mcg of synthetic folic acid from fortified breakfast cereals 

or dietary supplements, in addition to dietary folate.  

### It is recommended that people over 50 meet the B-12 recommendation through fortified foods or supplements, to 

improve bioavailability. 

ND Upper Limit not determined. No adverse effects observed from high intakes of the nutrient. 

 

Source: http://www.crnusa.org/about_recs.html 
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Minerals: Historical Comparison of RDIs, RDAs and DRIs, 1968 to Present 

NUTRIENT  RDI*  1968 RDA**  1974 RDA**  1980 RDA**  1989 RDA**  DRIs***  

Calcium  1000 mg  1300 mg  1200 mg  1200 mg  1200 mg  1300 mg  

Phosphorus  1000 mg  1300 mg  1200 mg  1200 mg  1200 mg  1250 mg 

(700 adult)  

Iron  18 mg  18 mg  18 mg  18 mg  15 mg  18 mg  

Iodine  150 mcg  150 mcg  150 mcg  150 mcg  150 mcg  150 mcg  

Magnesium  400 mg  400 mg  400 mg  400 mg  400 mg  420 mg  

Zinc  15 mg  10-15 mg  15 mg  15 mg  15 mg  11 mg  

Selenium  70 mcg  --  --    70 mcg  55 mcg  

Copper  2 mg  --  --  2 - 3 mg  1.5 - 3 mg  0.9 mg  

Manganese  2 mg  --  2.5-7 mg  2.5-5 mg  2 - 5 mg  2.3 mg  

Chromium  120 mcg  --  --  50-200 mcg  50-200 mcg  35 mcg  

Molybdenum  75 mcg  --  45-500 mg  150-500 mcg  75-250 mcg  45 mcg  

* The Reference Daily Intake (RDI) is the value established by the Food and Drug Administration (FDA) for use in nutrition 

labeling. It was based initially on the highest 1968 Recommended Dietary Allowance (RDA) for each nutrient, to assure 

that needs were met for all age groups. 

** The RDAs were established and periodically revised by the Food and Nutrition Board. Value shown is the highest RDA 

for each nutrient, in the year indicated for each revision. 

*** The Dietary Reference Intakes (DRI) are the most recent set of dietary recommendations established by the Food and 

Nutrition Board of the Institute of Medicine, 1997-2001. They replace previous RDAs, and may be the basis for 

eventually updating the RDIs. The value shown here is the highest DRI for each nutrient.  

 

Source: http://www.crnusa.org/about_recs4.html 

 


