
Seaweed as a feed resource for farmed animals

EAAP 2019, Ghent, Belgium, 27 August 2019

Margareth Øverland, Liv Torunn Mydland, Anders Skrede, Norwegian U. of Life Sciences

Norwegian University of Life Sciences0



Outline

• Foods of Norway 

• Food security

• Aquaculture and demand on feed

• Seaweed production in Norway in a global context

• Seaweed as a feed resource

– a historical perspective

– a glance at the literature

• Results from our research

• What’s next?



Tre fakulteter ved NMBU:

• Biovitenskap

• Kjemi, Bioteknologi og 

Matvitenskap

• Veterinærhøgskolen

Finance: € 21.5 MillionDuration: 2015-2024



New partner



Food security and climate

Energy

40 %

Water

55 %

FOOD

70 % 

Challenges: 

• 2050 ~ 9.7 billion people

• Climatic changes

• Political instability

• Disruption of feed supply chains

• Overreliance on imported 

feed resources

(FAO 2009; OECD 2012)



Aquaculture is expanding to meet world’s fish demand

Source: www.WRI/FAO stats Historical data and prognoses1950 - 2050

http://www.wri/FAO


Salmon production in Norway
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Photo: Alf Ribeiro / Shutterstock.com
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Constraints in the growth of the Norwegian Aquacultural industry
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imported 
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Cultivated seaweeds - a potential feed resource

Advantages:

• Large biomass production

• Can be cultivated in sea water

• Don’t require any agricultural land, 

fertilizers, or fresh water 

• Binds and recycles nutrients

SEAWEED 
BIOMASS

Feed

Chemicals

Food 
additives

FertilizerBioenergy

Binders 
& gels

Food



Fremtidsfestivalen

Integrated multitrophic aquaculture - IMTA –
Future aquaculture can produce food, feed and biofuel

with a low carbon footprint

Waste from one species becomes nutrients for others



Seaweed industry in Norway in a global context &

historical perspectives



Global seaweed production, 1950-2015
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Norway has a unique opportunity to develop a seaweed industry



Research (cultivation)

Akvaplan-niva

NIBIO and GIFAS

Val Videregående Skole
(opplæring)

SINTEF

NTNU 

Møreforsking

Norges Vel

UiO, UiB, Niva, IMR 

(ecology)

Barents Seaweed
Arctic Seaweed
Lofoten Esca Verno
Akvatik
Folla Alger
Eukaryo
Salten Seaweed
Polaralge
SES (Seaweed Energy Solutions)
Bogestilla/Algefabrikken
Seaforest
Tango Seaweed
Seaweed AS 

Hortimare
Algetun
Ocean Forest
Hardanger Seaweed Farm
Austevoll Seaweed Farm

PE Reefs
Seaweed Production
Norway Seaweed 

Salmonid
farms

~100 tonn i 2017

2014 2015 2016 2017 2018

Consessions 54 164 242 309 406

Locations 12 30 41 55 83

Producton

(tonnes) 0 51 60 149 TBA

Value (1000 NOK) 0 178 917 700 TBA

Commercially interesting brown seaweed
species: 

Saccharina Latissima - sugar kelp, 

Alaria esculenta - winged kelp, 

Laminaria digitata - oarweed

• Locations for seaweed

cultivation

A new business is on its way –
new Norwegian companies sprouting



Sugar kelp (Saccharina Latissima)

Production ~ per hectare:

2,3

5,3
4,5 4,5

26

SOYBEANS WHEAT BARLEY OATS SUGAR KELP

Tonnes dry matter

1 hectare seaweed cultivation

can provide:

• 170 tonnes wet biomass

• 26 tonnes dry matter

• 15 tonnes carbohydrates

• 3,8 tonnes proteins

Source: *SINTEF; SSB korn statistikk 2012-2016; FAO stat; 



Documented positive health effects in animalsBioactive compounds

Kelp meal as a functional feed for animal health

Dried kelp meal as a mineral & vitamin source

Feed resource during feed scarcity

Health promoting effects

Premix

Europe/Norway

More scientific approach on nutritional valueChemical analyses

Added-value products through biorefinery processingFeed application

Historical perspective - Seaweed as a feed resource

Photos: Shutterstock



Experiment with kelp for dairy cows at NMBU, 1912
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Application of seaweed in animal feed



A glance at the seaweed literature



Ranges of chemical composition of seaweeds, g/kg DM

Group Brown algae
Phaeophyta

Red algae

Rhodophyta
Green algae

Chlorophyta

Water, g/kg wet biomass 610-940 720-910 780-920

Crude protein* 24-168 64-376 32-352

Crude lipids 3-96 2-129 3-28

Polysaccharides 380-610 360-660 150-650

Ash 150-450 120-422 110-550

Source: Øverland et al., 2019; Values are for typical seaweed species reported in the litterature

*Crude protein is based on a n to protein factor of 5



Essential amino acid profile in brown, green and red seaweeds

compared to fishmeal and soybean meal, g EAA kg-1 of total AA



Feeding trials with whole green seaweeds (Ulva spp.)

in diets for monogastric animals

Species Level Effect Reference

Green algae

U. lactuca 0-3% Broiler chicks: Did not affect ADG, ADFI or FCR, but improved dressing%, breast meat %, & 

reduced level of abdominal fat.

Abudabos et al., 2013

U. Enteromorpha prolifera

powder 

0-4% Broiler chicks: Improved ADFI and ADG. Decreased abdominal and subcutaneous fat & improved 

breast meat quality.

Wang et al. 2013

U. rigida 10, 20, 30% Broiler chicks: Reduced the ME content of diets and reduced ADFI & ADG at levels > 10% Ventura et al., 1994

U. Rigida 0-10% European sea bass: Did not affect growth performance, protein digestibility and retention, and whole 

body composition when substituting dietary fish protein hydrolysate.

Valente et al., 2006

50/50% mixture of U. rigida

and U. lactuca

10, 15, 20% Nile Tilapia: No effect on growth performance, protein utilization or protein retention when fed up to 

10% whne substituting LT-fish meal. .

Marinho et al. 2013

U. Latuca meal 5, 10, 15% Gilthead seabream: Improved growth, FCR, protein efficiency ratio, and survival. Best results at 5% 

inclusion level. All diets stimulate feed intake, and improved weight gain. 

Wassef et al., 2005

U. Pertusa meal 12% Red sea bream: Increased weight gain, FCR and muscle protein deposition. Mustafa et al., 1995

• Green seaweeds show potential as a feed resource
• Inconsistent results on animal performance

• Positive effect on growth performance & carcass quality of broiler 

chickens

• Positive  effects on growth performance of fish

• Improved performance and digestibility by targeted processing 



Feeding trials with whole red seaweeds in diets

for monogastric animals
Species Level Effect Reference

Red algae

P. Palmata meal 5, 10, 15% Atlantic salmon: No difference in growth and FCR, thus it was concluded that P. palmata can be a 

suitable component in feed. 

Wan et al., 2016

P. Palmata meal 5% Atlantic salmon: Enhanced yellow/orange color of fish fillets due to deposition of algae pigments. It was concluded that 

P. palmata may enhance overall acceptability  without negatively impacting texture, odor or oxidation flavor

Moroney et al.2015

P. purpurea meal 15.5, 33% Grey mullet: Decreased  weight gain, FCR, protein efficiency ratio and net protein utilization with increasing inclusion 

levels, but no effect on final protein, lipid or ash contents in fish

Davies et al.1997

Porphyra spp. (> 90% P. 

umbilicalis

5.5, 11% Atlantic cod: No effect on growth performance. Walker et al., 2009

P. dioca 5, 10, 15% Rainbow trout: No effect on weight gain, FCR or protein efficiency ratio when replacing fish meal, but increased final 

weight at 15% inclusion and minor effect on carcass quality, but increased pigmentation of the flesh. 

Soler-Vila et al. 2009

Gracilaria vermiculophylla 5,10% Reduced growth performance and protein efficiency ratio in rainbow trout, but increased increased skin carotenoid 

content at 10%, while 5% did not affect growth performance or nutrient utilization. 

Araujo et al. 2016

Gracilaria bursa-pastoris

and Gracilaria cornea

5, 10% Juvinile European Seabass: No adverse effects on growth performance at 10%  inclusion levels of G. bursa-pastoris

and at 5% inclusion level of G. cornea, while 10% G. cornea reduced growth and FCR.

Valente et al. 2006

Gracilaria pygmaea meal 6, 12% Rainbow trout fry: Improved growth performance with  6%  G. pygmaea, but reduced weight gain and protein 

efficiency ratio at 12% inclusion level. 

Sotoudeh and 

Mardani 2017

Gracilaria spp. or a mix of 

2.5% Gracilaria, 2.5% Ulva

& 2.5% Fucus spp.

7.5% European seabass: No adverse effect on growth performance at 7.5% inclusion level. Peixoto et al. 2016

P. yezoensis meal 5% Red seabream: Improved weight gain , FCR and muscle protein retention. Mustafa et al., 1995

P. yezoensis Ueda meal 15, 30% Nile tilapia: Improved growth, FCR, and protein efficiency ratio at 15% inclusion and no adverse effect on growth 

performance at 30% inclusion. 

Stadtlander et al., 

2013 

Most work on Palmaria palmata, Phorphyra & Gracilaria spp

Red seaweeds show potential as a functional feed resource for fish:

• Improve health and welfare

• Improve taste of feed

• Increase pigmentation

• Improve product quality of fish muscle



Brown seaweed as feed resource for monogastric animals
• Alternative protein source with targeted processing

• Large potential in functional feeds Ex. Ascophyllum

nodosum, Laminaria spp

Photo: M. Øverland

Documented functions:

• Fucoidan:

– Immunomodulating

– Antithrombotic

– Anticoagulant 

– Antiviral (anti-infectious)

– Antibacterial / probiotic

– Antitumor

– Antioxidant

– Anti-inflammatory 

• Laminarin:

– Immunomodulating

– Antithrombotic

– Anticoagulant

– Antiviral (anti-infectious)

– Antibacterial / probiotic

– Antitumor

– Antioxidan

– Antiinflammatory

Bioactive components in brown seaweeds

Source: Holdt and Kraan 2011; Brown et al., 2014

Ascophyllum nodosum



Feeding brown seaweed extracts to weanling pigs

• Positive effect on growth performance

Improved nutrient digestion & uptake from gut

Improved villus architecture

Increased numbers of nutrient transporters

• Improved intestinal health
Increases population of beneficial bacteria 

Increase VFA concentration and reduces pH     

Modulates immune system 

Improves gut barrier function

Source: Øverland et al., 2019

• Extract from Laminaria Spp or

Ascophyllum nodosum



Inconsistent results with laminarin and fucoidan

Presence of inhibitors in SW extracts 

Differences in purity of the extracts due to 

extraction methods applied

Differences in bioactivity of laminarin and 

fucoidan among SW sources, 

Differences in experimental designs

Different mode of action due to different 

biochemical structures

Source: Øverland et al., 2019



Processing of seaweed for optimized value creation



Value creation and volume potential of different

seaweed applications

Source: Øverland, Mydland & Skrede, 2014;

Use of seaweed in feeds

provides opportunity for a 

profitable bulk application

• Holistic cascading biorefinery processing

• Processing must be targeted for the specific seaweed species.

• Several biorefinery apporaches been described e.g. Hou et al., 2015; Bikker et al., 2016; Baghel et al., 2016.



Our results on Seaweeds



NMBU i stikkord

The Seaweed Energy Solution’s pilot farm in Frøya in Norway



Sugar kelp – harvest in the spring 

Photo: SES, Frøya, Norway



Biomass production at different sea depth and harvest points

3 m

8 m

S. latissima deployed in February at 3 m and 8 m depth

Harvested

• May

• June

• August

Biomass growth 

and chemical 

characterization

• Glucose, mannitol, 

fucose

• Uronic acids

• Protein

• Amino acids

• MineralsSaccharina latissima

Sea water 

level

Seaweed cultivation at Frøya
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Total sugars: 54%

Crude protein: 13%

Ash: 25 %

Source: Sharma et al., 2018, Algae Research 32, 107-112



Processing of seaweeds to feed

Yeast fermentation

Feed

Hydrolysis

Low- molecular 

fractions: 

E.g. Sugars, N-

sources, minerals

High-molecular 

fractions:

E.g. Proteins

Biomass from brown kelp 

Bioactive 

components

Feed

Feed additives

Seaweed enzymatic toolbox



Enzymatic saccharification of brown seaweed 

(S. latissima) to produce fermentable sugars

Frozen seaweed Grinded Drying: Ultra grinding Final sample

Solid loading in the bioreactor

CellicCTEC2 and in house Alginate lyases

Source: Schrama & Horn, 2016, Bioresource Technology, 213, 155-161; Ravanal et al., 2017, Algal Research, 26:287.293

Max sugar yield from seaweed was obtained:

• drying at 30ºC

• using a combination of in-house alginate lyases & cellulases (CellicCTec2)

• at high solid loading in the bioreactor of 25%



Biomass

Yeast

Co-fermentation of seaweed biomass and spruce trees
An integrated biorefinery process to produce feed

Source: Vaaje-Kolstad et al., Science, 2010 ; Shrama, S. et al., 2019, J. of Agric. & Food Chemistry

Brown seaweed, Saccharina Latissima

Spruce trees

Brown Seaweed Spruce wood

Composition

• Laminarin

• Mannitol

• Alginate

• Fucoidan

• Minerals

• Amino acids

• Cellulose

• Hemicellulose

• Lignin

• Extractives

Enzymes

• Laminarinase

• β-glucosidases 

• Alginate lyases

• β-glucanase

• β-glucosidases 

• Auxiliary enzymesProof of concept:

Yeast grew well on a media based on 

tree sugars and seaweed nutrients



Isolating bioactive components from seaweeds
Fucoidan and laminarin

Precipetation

• Precipitating out
alginate, filtration & 
centrifugation

Fractionation

• Fractionating by step-
wise filtration

Grinding

HCl hydrolysis

• GEA membrane filtration
• Spiral membranes with

different sizes

Source: Foods of Norway team

In vitro screening with seaweed extracts

• HPLC based analyses of 
sugars, manitol and uronic
acid



In vitro screening – e.g.wound healing assay
Epithelial cells from rainbow trout

Foods of Norway
Source: Oma,  2018; MSc Theses, NMBU 

Portal blood

Gut lumen

• Permeable membrane

Epithelial cells

Rainbow trout epithelial cellsCell migration rate, % of wound closure rate  

Positive control

Positive control



Seaweed (Saccharina latissima) in diets for lamb
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Effect of seaweed on lamb meat quality –

cooking loss & texture (N/cm2)

Significance level (P<0.05) 
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Lamb meat quality  - Consumer study

40

Lamb meat consumer test



Methods to evaluate product quality of the lamb meat
Profiling molecular compounds in meat that can affect product quality

GC/MS-based method for 

(volatile) metabolite analysis

HPLC-QTOF method for 

metabolite analysis

Metabolome

To understand how 

seaweed can affect the 

sensory traits of red meat

Impact of gut microbiome on meat quality – metaproteomic analyses of rumen fluid



Source: Foods of Norway prelim data; 

.

Consumer odor attributes of meat combined with volatiles 

of lamb fat tissue

✓ Clear difference between the diets

✓ Control gave good, mild and bullion 

odor

✓ Seaweed gave a salty, strong,  

herbal, and spicy odor

✓ Seaweed odor was correlated with 

the volatiles organic acids, sweet, 

fatty taste, and almond taste

Control Seaweed



Seaweed in diets for lamb – effect on meat quality

• Gave a unique quality of lamb 
meat that could be used to 
provide niche products to the 
market

• Increased the iodine level in the 
lamb meat



Challenges with use of seaweed in animal feed



Cultivating sugar kelp
• Challenges

–Area use, uneven growth, diseases, harmful components, harvest, storage, 

processing & logistics 

Photo: Øverland, Frøya 2017; Norway

Levels of iodine, arsenic & cadmium

Levels mercury and lead

Levels of persistent organic pollutants



Environmental aspects of seaweed farming



Finance: Research Council of Norway 2017-2022; & NMBU 

Project lead: Prof. Åshild Ergon, NMBU

Breed4Kelp2Feed: 
Breeding kelp for 
efficient and 
sustainable 
utilization of marine
resources

2n
n

3n

Breeding in 
Norway without
genetic pollution



The BIOFEED project

BIOFEED - Novel salmon feed by integrated

bioprocessing of non-food biomass

Finance: 2 Mill € & 33% Co-finance from NMBU 

Time frame: 2014 – 2019 

Project lead: Prof. Margareth Øverland



Norwegian seaweed Biorefinery platform (2019-2022)

Partners:
• Norwegian Univ. of Science and 

Technology

• SINTEF

• NMBU

• Nofima

• Møreforskning



Conclusions

• Use of unprocessed seaweed as a feed resource is limited 

• Processed seaweed is an interesting alternative protein source

• Seaweed extracts have great promise in functional feeds

• Efforts should be directed toward cost-effective biorefinery processing



@foodsofnorway

@NMBUFON

Do you want to know more? 

Go to foodsofnorway.net
and sign up for our newsletter!

fon@nmbu.no 



Will Saccharina latissima reduce methane 

emissions in ruminants?

In vitro methane emissions

using rumen fluid from lambs

and dairy cows

Low levels of red seaweed

(e.g. Asparagopsis) containing

bromoform can block methane

production in the rumen

Seaweeds could be a solution

to reduce GHG emissions from 

red meat production


