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Seaweed / macroalgae
Seaweed is a loose colloquial term encompassing macroscopic, 
multicellular, benthic marine algae. The term includes some members
of the red, brown and green algae

Differentiated into:
•Thallus: the algal body
•Lamina/frond: a flattened structure that is somewhat leaf-like
•Sorus: spore cluster
•Holdfast: specialized basal structure providing attachment
•Haptera:finger-like extensions of holdfast anchoring to benthic substrate
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Figure 1

Diversity
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No roots- just holdfasts and haptera
Nutrient uptake takes place at the entire thalli

and there is no need for benthic substrate
Cultivate in suspension or on other substrates

Figure 2. (a) Spores from Palmaria palmata settled on vinylon string (2 mm in diam), (b) spores germinated in 3 weeks in nursery
tanks with added nutrient and aeration and transferred to the field at this stage, (c) harvestable thalli after 4 months of field
cultivation (a-c seeded and cultivated by Maeve Edwards). (d-e) Seeded string with Alaria esculenta coiled around culture rope
and (f) Alaria after approximately 120 days culture at sea (Arbona and Molla 2006).
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Ireland

Palmaria palmata
(”søl” in Danish)
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Horsens
fjord

Saccharina latissima
(former Laminaria saccharina)

(”sukkertang” in Danish) 7



Polyculture in embayments in Yellow Sea region, China J. FANG

China knows how!

Cultivation
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Korea
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Polyculture in embayments in Yellow Sea region, China; Google Earth

Seaweed production in Indonesia; 
travelling exhibition: Earth from Above

Boat
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Polyculture in embayments in Yellow Sea region, China; Google Earth

Seaweed production in Indonesia; 
travelling exhibition: Earth from Above

Boat
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Figure 3. (a) “Storm toss” Chondrus crispus (Irish moss) harvester from 1975 (Prince Edwards Island, Canada) equipped with waders and basket 
to drag through the shallow water at the beach and (b) a typical Irish moss handraker (Pringle and Mathieson 1986). (c) Painting by Carl Locher
(1882), Tangsamlere ved Hornbæk Strand (Seaweed collecters at Hornbæk beach, Denmark). (d) natural harvest of drifting populations of 
Furcellaria lumbricalis in Denmark getting loaded on trucks and sold to Litex A/S to extract the “Danish agar” (e) Ascophyllum handraked in Ireland
2008 at low tide and bundled to a metric tonnes “climeen” dragged up shore at high tide (wheel barrow upside down on top of the “climeen”), (f) 
where a lorry drives down to the shore at low tide and picks it up (pictures by Maeve Edwards). 

A world of seaweed
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Figure 3. Globally harvested (□) and cultivated seaweed (○) in offshore marine
and brackish water from 1950-2006 (FAO 2008).

The commercial seaweed
production worldwide
accounts for 20 % of the 
total aquaculture production
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Status
• Few eat seaweed! More people aware now:

– Sushi wave
– Seaweed book, media….. Etc.
– Seaweed salad in fish stores

• Several Danish seaweed products on the Danish market: Dansk Tang and Nordisk Tang a.o.
• Demand from restaurants especially; NOMA and other restaurants. www.danish-seaweed.org

• Industrial classification code: Food safety, utilization of the raw material, cultivation, recently
EU-regulation on organic seaweed cultivation

• Seaweed farms: 2 (Hjarnø Fish farm, Seaweed Societe)

• Dialog with: Ministry of Food, Agriculture and Fisheries: 
• Danish Veterinary and Food Administration 
• The Danish Directorate of Fisheries
• Veterinary Control Office-Aquaculture Department

http://www.danish-seaweed.org/


Danish products with seaweed

http://nordisktang.dk/

http://www.anitadietz.dk/15

http://www.friskfangst.dk/files/products/46/c/1.jpg
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• Ice cream from Skarø
– Birch juice
– With seaweed (sugar kelp)
– Functional ice cream
– Hospitals
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http://www.isfraskaroe.dk/


Biorefinery- (also) future use of seaweed biomass

• GRAS extraction : possible to extract multiple compounds from same biomass

• Different species (or season) different optimized utilization/biorefinery

• Multiple high value added products and less/no waste

All food

Bioactive
compound

Bioethanol

Pigment

Antioxidant

Fertilizer

Protein

Stabilizing
agent

Biogas
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Future biorefineries- multi extraction of ingredients



Seaweed composition
• Difficult to conclude on the contents of the different 

components as they vary with species, geography, 
environment, within populations and season

• Proteins: Generally low content: 5-15% of dry weight
Green and red:   10-30%

Palmaria and Porphyra (red): up to 47%
• Polysaccharides: 35-60%
• Lipids: only up to 4%, rich in the omega 3-fatty acids
• Minerals: Na, K, P, Ca, Mg, Fe, I
• Vitamins: Vitamin A, B1, B2, B6, B12, C, D og E
• Flavour enhancer = umami 19



Minerals & vitamins
• Seaweed contain more minerals than any other food. This is mainly due

to the the surface cell wall polysaccharides that freely and selectively

absorb inorganic nutrients from the sea. This also include undesirable compounds….. 

(Murata and Nakazoe 2001)20
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Source: www.foodcomp.dk

Trace metals- Calcium

KOMBI-opdræt: Funded by GUDP, duration 2012-2015



Iodine
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EU: ---
France: 0.5 mg/kg

USA: 5000 mg/kg

Iodine

Siden år 2000 har det i dansk saltproduktion været lovpligtigt at tilsætte 13 mg jod til hvert kilo 
køkkensalt og salt brugt i brødproduktion. Kun gourmetsalte er fritaget.
I Polen tilsættes 30 mg jod til hvert kilo salt, og i Sverige 50 mg per kilo (Videnskab.dk)

KOMBI-opdræt: Funded by GUDP, duration 2012-2015



Food ingredients- seaweed stabilisors (E407)

2
3
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Before extraction After extraction

Laboratory scale
Protein extraction with enzymes
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Pilot scale
5% protein in this seaweed
Protein fraction with 30-35% protein content. 

High quality protein?

Anti-oxidants?

Natural colours?



Polysaccharides
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Pigments
• Which pigments do you know?
• Fucoxanthin: pigment/cartenoid from Fucus species (6%)

- Increased metabolisme (Plaza et al 2008)
- Anti-obesity
- Possible up-regulation of UCP1 in BAT (brown adipose tissue)
- 2% lipids from Undaria reduce White AT (g/kg body weight)

of mice and rats (Maeda et al 2008)
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Lipids
• Low in total lipids (max 4% of dry weight)
• But good quality
• Around 50% omega-3 fatty acids 

(Poly Unsaturated Fatty Acids (PUFA)

→ reduction of 
-cardiovascular diseases 
-cerebrovascular diseases (Plaza et al 2008)

→ active against
-edema
-inflammatories/erythema
-blood flow (Khan et al 2007)
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• Fish feed
– Increased gowth1

– Better coloration2

– Less need for fish meal

• Livestock
– anti-infectious (weanling pigs) 3
– Greater weight at birth (sheap) 4
– Better wool (sheap) 5
– Greater milk yield (cows) 5
– Less landbased area to produce feed

Proteins
10-30 % DW 10-47 % DW 5-15 % DW

Soy beans: 35 % 

1Ergün et al, 2008. 2Soler-Vila et al, 2009. 3Gardiner et al, 2008. 4Nordic Seaweed Project, 2008. 5McHugh, 2003.
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Example…
Protein content varied markedly 
seasonally.
No significant difference for the 
tested parameters between the 
two sampling sites. 

The protein concentration varied 
markedly reaching a maximum 
of 10.8% DW in November and a 
minimum of 1.3% DW in May 
2013.0
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Amino acids
The nutritional value of proteins referred to as 

“amino acid score” is evaluated based on the 
composition of essential amino acids. The 
amino acid score of the proteins of the marine 
algae ranges from 60 to 100, a value higher 
than that of the proteins in cereal and 
vegetables. The amino acid score of proteins in 
Porphyra was 91 and 
Undaria was 100
and the same as that of animal foods

(Arasaki and Arasaki 1983)
31

Aspartic and glutamic acids dominated the amino acid profile, 
accounting for up to 49% of the total. 
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Forsøg med ½ kg AgroMix(=new*add) i ét ton svinefoder….. i DK

(Ocean Harvest)



Medicin and dietary supplements
• Bioactive compounds

– Lowering cholesterol
– Lowering blood pressure
– Anti-cancer*

• Omega 3-fatty acids
• Vitamins

– A, B1,2,6,12, C, E
• Minerals

– iodine

*Murata and Nakazoe, 2001. Han et al., 2008 33



• Undaria / Wakame in pasta
– Antioxidant properties, due to the content of phenols, lipid composition and fucoxanthins

analysed
– 10 % addition did not change the flavour of the pasta
– n-3:n6 fatty acids relationship vas 1:3 in the seaweed pasta and 1:15 in the normal pasta
– Heat from cooking did not destroy the fucoxanthin

(Prabhasankar et al 2009)

• Undaria in synergy with fish oils in rats
– Analysed the lipid concentration in liver and serum and the enzymatic activity involved in the 

fatty acid metabolism of the liver 
– Reduced concentration of tricylglyceroles in serum and liver

– Seaweed(19%), fish oil (4%) 
– Greatest reduction was with diet of both seaweed and fish oil

– Synergetic effect between seaweed and fish oil in the enzymatic activity
(Murata et al 2001)

Examples of investigations on applications
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Nordic Seaweed extracts as natural antioxidants 
in omega-3 PUFA enriched granola bars

Ditte B Hermund, PhD student, DTU Food, Denmark

Ayşe Karadağ, TUBITAK Marmara Research Center, Turkey
Rósa Jónsdóttir and Hordur G Kristinsson, Matís, Iceland 
Charlotte Jacobsen, DTU Food, Denmark

• Oxidative stability
To investigate the ability of 

Icelandic F. vesiculosus
extracts  to inhibit lipid 

oxidation in fish-oil-enriched 
granola bars

• Microstructure

To investigate whether addition of the seaweed extracts affected 
the physical microstructure of the oil droplets in granola bars

Applications
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• Seaweeds are divers and so are the applications
– Whole seaweed- ingredient
– Specific compounds
– More than one compound from same biomass
– Different composition depending on season

• Bioactive effects are proven scientifically and present research
• Already biomass available worldwide
• Danish products at the market
• More uses of blue biomass- demands more large areas at sea

– Is there space
– Political will
– Societal- visual polution

36
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Why eat seaweed?
Taste good: Different taste and also used

as flavour enhancer

Healthy: Low in calories, low in fat,
high in sugars (but dietary fibres),
antioxidants

High content of vitamins 
and minerals

Health effects (scientifically): anti-cancer, anti-virus,
lower the risk of cardiovascular diseases etc.

Easy: Dried and long shelf-life. Collect yourself

Beautyful: Sprinkle as decoration or build in…. 37



Danish Seaweed Network

Hypoglossum sp.
foto: Susan L.Holdt
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420 members from industry, universities,
restaurants, organizations, or persons that

work with or have interest in seaweed

The network group started in winter 2008

Meetings and newsletters
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Interested in macroalgae?

• suho@food.dtu.dk
or
www.tangnet.dk

39
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