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Finfish aquaculture has been a quickly developing industry during the past three decades and
is expected to continue this growth in the foreseeable future. The aquafeed industry has to
keep up with this growth and maybe even faster, since many of the traditional forms of finfish
culture (e.g. in Asia) are being intensified which often results in the use of formulated feeds.
The main ingredients in aquafeed nowadays come from terrestrial sources, with the exception
of fishmeal and —oil. Even though it is a well-known fact that a kg of fish fillet needs
considerable less resources than a kg of beef or even pork, aquaculture will inevitably put
more pressure on land resources. The blue economy aims to produce more food from the sea
to satisfy the global need for nutrients. Finfish aquaculture is often used as an example of how
to achieve this. Indeed, the potential is large, however this is only possible if we manage to
harvest the primary producers from the sea as well. Seaweed is one of the primary producers
in the marine food chain, similar to plants in the terrestrial food chain. Although seaweed are
taxonomically not plants, many parallels between seaweed and plants exists. Both can be a
valuable source of nutrients that can be used by animals higher up the food chain, but both
also contain anti-nutritional factors, preventing them from being preyed on by these animals.
The effect of a plain soybean meal on the development of enteritis in Atlantic salmon is well
known and similar effects are seen of peas and other vegetable products. In commercial diets
it is highly processed protein concentrates of these plant products that are used. This removes
or reduces many of these anti-nutritional factors and simultaneously concentrates the protein
content of the product. Salmon is a carnivorous fish that requires protein, lipid and
micronutrients for healthy growth, the requirement for carbohydrates is very low. Seaweed is
mainly made-up of carbohydrates that cannot be used by the fish. This raises the obvious
questions about post-harvest processing of seaweed to make nutrients more accessible and
remove anti-nutritional factors, which currently are underdeveloped or non-existing. A
fractionation of the seaweed biomass is needed where high-end products (e.g. alginates) can



offset a large part of the production and processing costs. The lack of seaweed processing and
diversification of the processing is the major hurdle for the use of seaweed in aquafeed. This
analysis will elaborate on the strengths and weaknesses of using seaweeds in feed for fish and
pinpoints future changes that could stimulate (opportunities) or raise barriers (threats) in the
application of marine macroalgae in aquafeed.
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1 Strengths

The inherent strength of seaweed for this analysis (aquafeed) will be from a nutritional
perspective. There is a decent amount of documentation of nutritional composition of seaweed
both from Norway and abroad [1-6]. The most relevant macronutrient from seaweed is protein.
Depending on the species and the season, seaweeds can contain varying protein levels (50-300
g/kg dry weight (DW) [1, 2, 6]. The green and red types of seaweed contain the highest protein
levels (150-300 g/kg) and the brown seaweed on average the lowest [1, 6]. Of the brown species
it is however the kelp species (like Saccharina latissima and Alaria esculenta) that contain the
highest protein levels, around 100-200 g/kg [1, 4, 6]. These species are most likely to be
cultured on a large scale for food and feed. Generally, seaweed species contain all the essential
amino acids required for animal growth and health, including fish. In addition to the higher
content in acidic amino acids, some red seaweed (Palmaria palmata) possess a high
concentration of methionine which is higher than reported for leguminous pulses [7]. These
seaweed species also contain a high concentration of taurine [7], which can be beneficial in fish
nutrition and is not detected in plant meals. Many peptides have been identified in marine
macroalgae with therapeutic properties [4]. Among them, the antioxidant peptide glutathione
has been found in the Norwegian marine macroalgae [8]. In terms of other antioxidant systems,
some cysteine-oxoforms metabolites (hypotaurine and cysteine-sulfinic acid) were also
detected in the green and the brown seaweeds [8, 9].Seaweed are usually low in lipids, but in
some species the typical marine omega n-3 long chain fatty acid (eicosapentaenic acid, 20:5n-
3) can contain up to 0.5% (of dry weight) [10]. The ratio between n-6 and n-3 fatty acids is
considered an index for evaluating the nutritional value of a dietary lipid source with respect to
human and animal development and health. The n-6:n-3 ratio varied between the phyla but also
between different species belonging to the same phylum, for example the three seaweeds phyla
collected along the Norwegian coast had an n-6:n-3 ratio around 1:1 [1, 2], which does not
exceed the ratio of 5:1, as recommended by the world Health Organization (WHO).
Furthermore, the red and the brown seaweed are rich source of bioactive lipid metabolites, the
oxylipins [8], which act as signaling molecules and provide innate immunity against different
stress factors [11]. There are companies pressing oil out of dried seaweed targeting specific

markets, but for aquafeed it is an unlikely future ingredient due to pricing [12].Seaweed is rich
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in iodine. For human consumption this would have its benefits however for fish nutrition it is
less of an importance. Certain species like, Laminaria sp. (stortare), currently one of the main
species harvested along the Norwegian coast can contain extremely high levels of iodine[1, 13].
At these concentrations it would pose a health risk for consumers, it is unclear whether these
high iodine levels would pose as risk for the fish. Julshamn and colleagues (2006) fed Atlantic
salmon diets containing up to 80 times their requirement for iodine. After 150 days of feeding,
this did not affect their health. Fillet iodine levels were moderately increased [14], which could
be beneficial to the nutritional value of these fish for human consumption. Seaweed also
contains other essential elements, like calcium, iron, manganese, zinc, selenium, magnesium,
and phosphorus. All of these are required by the fish, however there is little known on the
availability of these minerals for fish. In their natural environments, seaweeds are exposed to
various biotic and abiotic stress factors. As a result, seaweeds contain many forms of
antioxidants including vitamins and pigments. Seaweeds are a good source of some water-
(B(1), B(2), B(12), C) and fat-soluble (B-carotene with vitamin A activity, vitamin E) vitamins.
The water-soluble vitamin C is present in large amounts in brown, green and red seaweeds,
such as Gracilaria spp, which contain 25 mg/100 g wet weight [15, 16]. Green seaweed, like
Ulva lactuca, can provide as well a high level of vitamin B12 [17]. Moreover, the level of -
carotene found in the seaweeds is high and can exceed those measured in carrots, e.g. in
Gracilaria chilensis [18]. Furthermore, brown algae contain high level of the eight forms of
vitamin E (tocopherols and tocotrienols) [1, 8], which are known as a strong antioxidant
compounds with many beneficial health effects and required by salmon. The exploitation of
seaweed has been mainly focused on the industrial production of thickeners, stabilizers or
gelling agents in the food industry, such as carrageenan, agar and alginates [19]. These
compounds could be used as binders in the feed pellets since they are naturally present in the
seaweed meal. Finally, seaweed is rich in many other and unknown bioactive compounds, for
an overview please see Holdt and Kraan (2011) [4]. A lot of these bioactive compounds are
found in the carbohydrate fraction, such as the polyols, which are the common storage
compound of brown algae. This phylum is also a rich source of sulfated polysaccharides [8].
There is not much known about the effect of these compounds in aquafeed, however these
bioactive compounds, which are considered as functional food ingredients, have beneficial

health effects in humans and mammals [20, 21]. Beyond the nutritional composition, using
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seaweed as a functional feed ingredient can provide specific benefits to the fish, e.g. preventive
health care through nutritional means. However, in a seaweed meal there is a whole collection
of compounds and some compounds could be detrimental to the fish’s health. The few studies
that exist show that a small inclusion of algae (between 2.5 and 10% of the diet composition)
in aquafeed resulted in positive effects such as; increase in growth performance, carcass quality,
intestinal microbiota, improve stress and immune response and disease resistance [22-27]. For
example, the dietary inclusion of Gracilaria or Fucus spp (2.5-7%) into the diets of European
seabass (Dicentrarchus labrax) improved the immune and antioxidant response without
affecting the growth performances [26]. Moreover, feeding rainbow trout (Oncorhynchus
mykiss) with diets supplemented with 5% Gracilaria sp, improved flesh quality traits (higher
color intensity and juiciness) and enriched the content of flesh iodine than fish fed the control
diet [28]. However, high inclusion of algae (18%, Porphyra sp.) in aquafeed showed impaired
growth in thick-lipped grey mullet (Chelon labrosus) when compared with non-supplemented

diets [29].
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2 Weaknesses

The nutritional composition of seaweed varies highly between different species, but also within
species belonging to the same phylum. Nutrient content varies between locations, time of the
year, wild vs cultured, etc. For example, the brown algae, A. nodosum contains 45 g protein/Kg
DW, while the red algae, P. dioica contains 310 g protein/kg DW when sampled at the same
location at the same day [1, 6]. Moreover, seaweeds are usually low in lipids (0.9+3.7% of dry

weight) and do not contain docosahexaenoic acid (22:6n-3 DHA).

Seaweeds are rich in minerals, giving a seaweed meal a (too) high ash content. Certain seaweeds
species contain a very high concentration of iodine (L. digitata, 10 000 mg/kg DW) [1],
manganese and zinc [30]. There is no data available on the availability of these minerals for

fish.

Seaweeds accumulate undesirable elements, such as arsenic and cadmium. These
concentrations can be so high that the level exceeds the maximum level allowed for the use as

a feed ingredients [1, 2, 31, 32].

If a whole seaweed meal is used a large portion will be indigestible complex carbohydrates that
will not be used by the fish species. Furthermore, seaweeds contain substances with anti-
nutritional activity such as lectins, protease inhibitors, goitrogens, allergens, anti-vitamins, and
toxins (e.g. kainic acid), which can reduce the digestibility and bioavailability of other

ingredients.
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3 Opportunities

Norway has an extensive coastline (100,000 km characterized by fjords and islands), which is
among the world’s longest and most productive but also has a well-established aquaculture
sector offering suitable preconditions for developing large-scale cultivation of seaweed
biomass, both wild-harvested and cultivated. There are currently also many projects focused
on seaweed cultivation, which can optimize production and reduce costs. Cultivation of
seaweed has the advantage of better control over the material and harvesting time can be

optimized according to certain nutritional parameters.

Seaweed from long lines can be used not only in feed production but also for production of
food, nutraceuticals, fertiliser, soil amendment, fine chemicals, cosmeceuticals and
pharmaceuticals. Seaweeds contain many commercially interesting compounds (e.g. alginates).
If the industry can develop into a fractionation of the seaweed biomass, where the high-end
products (for e.g. cosmetics, food) can offset most of the costs of production and processing,
than the remainder can be turned into a protein concentrate. Furthermore, seaweeds in
proximity to fish farms, can function as extractive components within a cultivation food web.
Reducing the environmental impact of intensive fish aquaculture, integrated multitrophic
aquaculture systems add value to the investment in finfish aquaculture by increasing the yield

of total biomass produced on a single site.
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4 Threats

The major threat is the lack of processing facilities for seaweed at this moment. When looking
at the terrestrial production chain it is very well developed compared to the marine production
chain (besides fish). A dried whole seaweed meal is not the way forward, it has to be processed

into e.g. a seaweed protein concentrate.

Pricing of commodities: this is a threat to any new feed ingredient. Based on the amino acid
composition, seaweed is comparable to vegetable proteins. A seaweed protein concentrate

therefore has to compete with a soybean protein concentrate for price.

Harvesting seaweeds, specifically the brown algae, using designed trawling equipment,
remains controversial as the removal of and interference with natural habitats has the potential

to affect local biodiversity and ecosystem integrity, and may contribute to coastal erosion.
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5 SWOT analysis

The attributes are ordered in our perceived importance. Every column starts with the most
important Strength, Weakness, Opportunity or Threat.

STRENGTHS
Vegetable type protein

High levels of bioactive amino acids, metabolites and
peptides
taurine
cysteine-oxoforms metabolites
glutathione, y-aminobutyric acid (GABA)
mycosporine-like amino acids

Bio-active compounds with antioxidant properties
sugar alcohol metabolites (mannitol, sorbitol)
sulfated polysaccharides
Pigments (carotenoids, fucoxanthin)
oxylipins
Rich in valuable micronutrients, like I, Zn and Mn

High abundance of fucosterol and a-tocopherol

Binding properties (complex poly-saccharides)

WEAKNESSES
High concentration of complex carbohydrates

High concentrations of cadmium, arsenic (inorganic and
organic) and mercury

High variation in nutrient content (species, geography,
season)

Anti-nutritional compounds
lectins
protease inhibitors
goitrogens
allergens
anti-vitamins

High ash content
iodine
zinc
manganese
calcium

Low in lipid content

OPPORTUNITIES

Possibility to build the aquaculture production on
marine primary producers — Blue Economy

Seaweed abundantly present along the Norwegian coast
Local sourcing of cultivated seaweed

Synergies with existing aquaculture (IMTA)

THREATS
Lack of processing/refinement
Low pricing of commodities

Environmental impact of harvesting wild seaweed

12/18



Seaweed as feed ingredient in aquafeed Error! Use the Home tab to apply
Overskrift 1 to the text that you want to

appear here. Error! Use the Home tab
to apply Overskrift 1 to the text that
you want to appear here.

13/18



Seaweed as feed ingredient in aquafeed Error! Use the Home tab to apply
Overskrift 1 to the text that you want to

appear here. Error! Use the Home tab

to apply Overskrift 1 to the text that

you want to appear here.

6 References

[1] I. Biancarosa, I. Belghit, C.G. Bruckner, N.S. Liland, R. Waagbg, H. Amlund, S. Heesch,
E.J. Lock, Chemical characterization of 21 species of marine macroalgae common in
Norwegian waters: benefits of and limitations to their potential use in food and feed, J. Sci.
Food Agric., 98 (2017) 2035-2042.

[2] H.K. Mahre, M.K. Malde, K.-E. Eilertsen, E.O. Elvevoll, Characterization of protein, lipid
and mineral contents in common Norwegian seaweeds and evaluation of their potential as food
and feed, J. Sci. Food Agric., 94 (2014) 3281-3290.

[3] J. Fleurence, Seaweed proteins: biochemical, nutritional aspects and potential uses, Trends
Food Sci. Technol., 10 (1999) 25-28.

[4] S.L. Holdt, S. Kraan, Bioactive compounds in seaweed; functional food applications and
legislation, J. Appl. Phycol., 23 (2011) 543-597.

[5] P. Kumari, A.J. Bijo, V.A. Mantri, C.R.K. Reddy, B. Jha, Fatty acid profiling of tropical
marine macroalgae: An analysis from chemotaxonomic and nutritional perspectives,
Phytochemistry, 86 (2013) 44-56.

[6] I. Biancarosa, M. Espe, C.G. Bruckner, S. Heesch, N. Liland, R. Waagbg, B. Torstensen,
E.J. Lock, Amino acid composition, protein content, and nitrogen-to-protein conversion factors
of 21 seaweed species from Norwegian waters, J. Appl. Phycol., (2016) 1-9.

[7] C. Dawczynski, R. Schubert, G. Jahreis, Amino acids, fatty acids, and dietary fibre in edible
seaweed products, Food Chem., 103 (2007) 891-899.

[8] I. Belghit, J.D. Rasinger, S. Heesch, 1. Biancarosa, N. Liland, B. Torstensen, R. Waagbg,
E.-J. Lock, C.G. Bruckner, In-depth metabolic profiling of marine macroalgae confirms strong
biochemical differences between brown, red and green algae, Algal Research, 26 (2017) 240-
249.

[9] V. Gupta, R.S. Thakur, C.R.K. Reddy, B. Jha, Central metabolic processes of marine
macrophytic algae revealed from NMR based metabolome analysis, RSC Advances, 3 (2013)
7037-7047.

[10] V.J.T. van Ginneken, J.P.F.G. Helsper, W. de Visser, H. van Keulen, W.A. Brandenburg,
Polyunsaturated fatty acids in various macroalgal species from north Atlantic and tropical seas,

Lipids in Health and Disease, 10 (2011) 104-104.

14/18



Seaweed as feed ingredient in aquafeed Error! Use the Home tab to apply
Overskrift 1 to the text that you want to

appear here. Error! Use the Home tab

to apply Overskrift 1 to the text that

you want to appear here.

[11] J. Yeung, M. Hawley, M. Holinstat, The expansive role of oxylipins on platelet biology,
Journal of molecular medicine (Berlin, Germany), 95 (2017) 575-588.

[12]J.J. Milledge, P.J. Harvey, Potential process ‘hurdles’ in the use of macroalgae as feedstock
for biofuel production in the British Isles, J. Chem. Technol. Biotechnol., 91 (2016) 2221-2234.
[13] R.I. Duinker A, Amlund H, Dahl L, Lock E-J, Kbégel T et, Potential risks posed by
macroalgae for application as feed and food — a Norwegian perspective. , Technical Report,
National Institute of Nutrition and Seafood Research, (2016).

[14] K. JULSHAMN, A. MAAGE, R. WAAGB®@, A.K. LUNDEBYE, A preliminary study on
tailoring of fillet iodine concentrations in adult Atlantic salmon (Salmo salar L.) through dietary
supplementation, Aquacult. Nutr., 12 (2006) 45-51.

[15] P. Ferraces-Casais, M.A. Lage-Yusty, A. Rodriguez-Bernaldo de Quir6s, J. Lopez-
Hernandez, Evaluation of Bioactive Compounds in Fresh Edible Seaweeds, Food Analytical
Methods, 5 (2012) 828-834.

[16] M.H. Norziah, C.Y. Ching, Nutritional composition of edible seaweed Gracilaria changgi,
Food Chem., 68 (2000) 69-76.

[17] M.L. Wells, P. Potin, J.S. Craigie, J.A. Raven, S.S. Merchant, K.E. Helliwell, A.G. Smith,
M.E. Camire, S.H. Brawley, Algae as nutritional and functional food sources: revisiting our
understanding, J. Appl. Phycol., 29 (2017) 949-982.

[18] J. Ortiz, N. Romero, P. Robert, J. Araya, J. Lopez-Hernandez, C. Bozzo, E. Navarrete, A.
Osorio, A. Rios, Dietary fiber, amino acid, fatty acid and tocopherol contents of the edible
seaweeds Ulva lactuca and Durvillaea antarctica, Food Chem., 99 (2006) 98-104.

[19] W. Lindsey Zemke-White, M. Ohno, World seaweed utilisation: An end-of-century
summary, J. Appl. Phycol., 11 (1999) 369-376.

[20] N.C. Moroney, M.N. O’Grady, S. Lordan, C. Stanton, J.P. Kerry, Seaweed
Polysaccharides (Laminarin and Fucoidan) as Functional Ingredients in Pork Meat: An
Evaluation of Anti-Oxidative Potential, Thermal Stability and Bioaccessibility, Mar. Drugs, 13
(2015) 2447-2464.

[21] M. Garcia-Vaquero, M. Hayes, Red and green macroalgae for fish and animal feed and
human functional food development, Food Rev. Int., 32 (2016) 15-45.

[22] L.M.P. Valente, A. Gouveia, P. Rema, J. Matos, E.F. Gomes, I.S. Pinto, Evaluation of

three seaweeds Gracilaria bursa-pastoris, Ulva rigida and Gracilaria cornea as dietary

15/18



Seaweed as feed ingredient in aquafeed Error! Use the Home tab to apply
Overskrift 1 to the text that you want to

appear here. Error! Use the Home tab

to apply Overskrift 1 to the text that

you want to appear here.

ingredients in European sea bass (Dicentrarchus labrax) juveniles, Aquaculture, 252 (2006) 85-
91.

[23] E.A. Wassef, M.H.E. Masry, F.R. Mikhail, Growth enhancement and muscle structure of
striped mullet, Mugil cephalus L., fingerlings by feeding algal meal-based diets, Aquacult.
Res., 32 (2001) 315-322.

[24] G. Mustafa, S. Wakamatsu, T.-a. Takeda, T. Umino, H. Nakagawa, Effects of Algae Meal
as Feed Additive on Growth, Feed Efficiency, and Body Composition in Red Sea Bream, Fish.
Sci., 61 (1995) 25-28.

[25] F. Norambuena, K. Hermon, V. Skrzypczyk, J.A. Emery, Y. Sharon, A. Beard, G.M.
Turchini, Algae in Fish Feed: Performances and Fatty Acid Metabolism in Juvenile Atlantic
Salmon, PLOS ONE, 10 (2015) e0124042.

[26] M.J. Peixoto, E. Salas-Leitén, L.F. Pereira, A. Queiroz, F. Magalhdes, R. Pereira, H.
Abreu, P.A. Reis, J.F.M. Gongalves, R.O.d.A. Ozério, Role of dietary seaweed
supplementation on growth performance, digestive capacity and immune and stress
responsiveness in European seabass (Dicentrarchus labrax), Aquaculture Reports, 3 (2016)
189-197.

[27] MLJ. Peixoto, E. Salas-Leiton, F. Brito, L.F. Pereira, J.C. Svendsen, T. Baptista, R. Pereira,
H. Abreu, P.A. Reis, J.F.M. Gongalves, R.O. de Almeida Ozoério, Effects of dietary Gracilaria
sp. and Alaria sp. supplementation on growth performance, metabolic rates and health in
meagre (Argyrosomus regius) subjected to pathogen infection, J. Appl. Phycol., 29 (2017) 433-
447.

[28] L.M.P. Valente, P. Rema, V. Ferraro, M. Pintado, I. Sousa-Pinto, L.M. Cunha, M.B.
Oliveira, M. Aratjo, Iodine enrichment of rainbow trout flesh by dietary supplementation with
the red seaweed Gracilaria vermiculophylla, Aquaculture, 446 (2015) 132-139.

[29] S.J. Davies, M.T. Brown, M. Camilleri, Preliminary assessment of the seaweed Porphyra
purpurea in artificial diets for thick-lipped grey mullet (Chelon labrosus), Aquaculture, 152
(1997) 249-258.

[30] P. Karthick, R. Siva Sankar, T. Kaviarasan, R. Mohanraju, Ecological implications of trace
metals in seaweeds: Bio-indication potential for metal contamination in Wandoor, South

Andaman Island, The Egyptian Journal of Aquatic Research, 38 (2012) 227-231.

16/18



Seaweed as feed ingredient in aquafeed Error! Use the Home tab to apply
Overskrift 1 to the text that you want to

appear here. Error! Use the Home tab

to apply Overskrift 1 to the text that

you want to appear here.

[31] C. Almela, S. Algora, V. Benito, M.J. Clemente, V. Devesa, M.A. Stfer, D. Vélez, R.
Montoro, Heavy Metal, Total Arsenic, and Inorganic Arsenic Contents of Algae Food Products,
J. Agric. Food Chem., 50 (2002) 918-923.

[32] M. Rose, J. Lewis, N. Langford, M. Baxter, S. Origgi, M. Barber, H. MacBain, K. Thomas,
Arsenic in seaweed—Forms, concentration and dietary exposure, Food Chem. Toxicol., 45

(2007) 1263-1267.

17/18



Retur: Havforskningsinstituttet, Postboks 1870 Nordnes, NO-5817 Bergen

HAVFORSKNINGSINSTITUTTET
Institute of Marine Research

Nordnesgaten 50 — Postboks 1870 Nordnes
NO-5817 Bergen

TIf.; +47 55 23 8500

E-post: post@hi.no

www.hi.no




	1 Strengths
	2 Weaknesses
	3 Opportunities
	4   Threats
	5 SWOT analysis
	6 References

