
2.0 Processing techniques of marine and algae 
products in the context of sustainability

2.3 Benefits of algae and algae 
extracts



Main objective

Get an overview of the health benefits of algae and algae extracts and their benefits 
for One Health 

Learning outcomes

Know different substances contributing to the health benefits of algae and algae 
extracts
Explain the social, environmental and human health benefits and/or drawbacks of 
the use of algae extracts



Agenda

Benefits

Nutritional and health benefits

Economic benefits

Ecological benefits

Societal benefits

Drawbacks

Legals aspects

Safety aspects

Food safety hazards

Group exercise – Product availability



Main differences of Micro- and Macroalgae
Based on cellular structure there are

➢Macroalgae (seaweeds): multicellular aquatic plants

➢Microalgae: single-celled (photosynthetic,

microscopic  eukaryotic organism) 

Higher protein content in microalgae (60 to 70% dry weight)
(vs. 20 to 30% dry weight in macroalgae)

Both macro and microalgae are/provide:
• nutrient-dense
• essential amino acids
• bioactive compounds

→ Promising solutions to the growing demand for sustainable protein source
Maghimaa, et al. (2025)



Algae Classification

Bacillariophyta
(diatoms) Microalgae

(single-cell)

Chlorophyta
(green algae)

Chrysophyta
(golden algae)

Cyanophyta
(bacteria, former 
blue-green algae)

Macroalgae

(aquatic plants)

Phaeophyta
(brown algae)

Chlorophyta
(green algae)

Rhodophyta
(red algae)



Opportunities



Opportunities in different fields
• Functional food and feed

• Protein substitution

• Natural food additives
Food and Feed

• Bioactive secondary metabolites

• Antioxidant, anti-aging and anti-inflammatory additives

Therapeutics and 
Pharmaceutics

• Anti-aging formulations

• Lenitive lotions for inflamed and/or damaged skinCosmetics

• Biofuels and Bioenergy

• Bioethanol, Biomethane

• Biogas, Biohydrogen
Bioenergy

• Waste water treatment

• Fertiliser

• Packaging
Biotechnology

Nutritional and Health 
benefits

Economic benefits

Ecologic benefits

Societal benefits



Examples of already in use algae

Agar-Agar

Supplementation and nutraceutical (e.g. omega-3, ulvans)

Gelling, stabilizing or binding agents 

Alginate-matrix for microorganism protection (alginate-immobilized yeast cell)

Feed for aquatic animals

Development of algae plastics → food wrapping

Pigments: Astaxanthin, fucoxanthin, phycocyanin, lutein…



Benefits



What benefits of micro- and macroalgae can you 
think of?



Nutritional and Health benefits

Functional food and feed

Dietary supplements

• Macro- and micronutrients

Food additives

• Antioxidant (dyes), antimicrobial substances

Medicinal and therapeutical application

• Secondary metabolites

• Anti-inflammatory, antimicrobial, anti-tumoral drugs

➢For individual diets and public food security

➢For food production

➢For cosmetics and 
therapeuticals



Health benefits

Macronutrients
Polysaccharides with healthy properties (ulvan, fucoidan…)

Proteins with high biological value

Fatty acids (Omega-3 and -6 polyunsaturated fatty acid (PUFA) (ALA, EPA, DHA))

(Low sugar content)

Micronutrients
Vitamins

Minerals

Antioxidants

Phenolic compounds



Main effects of macro- and micronutrients (oral intake)

Energy, functionality and structure

Enzymes, hormones and production of other substances
important for growth and development and health.

→ Strong immune system in humans and animals

→ Improved Public Health

→ Improved animal welfare → One Health!



Protein profile of micro- and macroalgae

Wide range of proteins with different 
structure and molecular weight

Rich in essential and non-essential 
amino acids

Highest protein content in

• Microalgae: cyanophyta
- up to 70% dry weight

• Macroalgae: Rhodophyta (red algae)
comprehensive amino acid profile, containing all 
essential amino acids
→ excellent nutritional source
- protein up to 47% of dry weight

A display of multiple pie charts.

Amino acid profile of chicken, soyabean seeds, egg, macroalgae and microalgae. (Thakur et al. 2024)

https://www.sciencedirect.com/science/article/abs/pii/S1878818124002627


Amino acid profile of micro- and macroalgae

The protein levels are subject to various influences:
• Environmental factors: water temperature, wave force, and light intensity

• Seasonal changes

• Habitat and depth of the seaweed areas

Important industry aspects (solubility and denaturation):
• Amphoteric properties

• Algae proteins tend to have a rather low pH value

• Salt concentration and conditions at which a protein denatures
→ irreversible loss of three-dimensional structure

• High amount of acidic AA → lead to acidic isoelectric points
(isoelectric precipitation of proteins is broadly used in the industry)



Protein, bioavailability and meat alternatives

To know the quality of the dietary protein, its EAA content and its digestibility need to be 
taken into account. 

Applications of protein from macro and microalgae
• Protein source or incorporated in food products 
→ e.g. dried, powdered, processed to supplements, meat substitution, extruded products, specific 
extracts, …

• Food colorant (various pigments in different colours, phycocyanin, Phycoerythrin)

• Emulsifying and foaming agent

• Other protein types: e.g. lectin (a glycoprotein)
→ bio peptide with antibacterial, antiviral, and anti-influenza properties, …

Limited research has been done on the quality of proteins derived from algae proteins 
(e.g. digestibility)



Fatty acids - Omega-3 and -6

Fatty acids in general are essential for body functionality
➢Skin

➢Respiratory and circulatory systems

➢Brain and vital organs

Especially the precursors for HUFAs

• Linoleic Acid (LA) and

• Alpha-Linolenic Acid (ALA)

Omega-3 and Omega-6 are particularly important for:

➢Cell structure and functionality, mammalian cell membranes

➢Neural transmission and retinal development in humans
→ Key role of reducing inflammation

Highly Unsaturated Fatty Acids (HUFAs)
… extensively found in plants



Human Health Benefits of Omega HUFAs

Necessary for good health!

➢Reduction of inflammation: due to improvement of cell membrane fluidity and joint mobility

➢Key functionality in cells: eicosanoids, enzyme-modulation, gene-expression

Deficiency can lead to:

- Cardiovascular and coronary heart disease

- Raised stroke risk

- Psychological problems

Recommendation – daily intake

Fatty acid
Energy 

[%]
[mg/d]

LA 2

ALA 0.7

EPA/DHA 
combined

500

Recommendation of ISSFAL



Sources of omega-3 and omega-6

Exclusively photosynthetic plants

• ALA HUFA (precursor) primarily in terrestrial plants

• LA Omega-3 EPA and DHA exclusively in the marine environment
→ Photosynthetic microalgae

Today ~ 80% of total Omega-type HUFA supply stems from Engraulis ringens

Other (promising) alternatives:

• Marine algae

• Krill

• Fungi (in particular the yeast Yarrowia lipolytica)

• And genetically modified organisms (mostly terrestrial oil-seed plants)



Bioactive potential in terms of antioxidant and anti-aging properties

Due to limited research digestibility poses a challenge.

However, research allowed identification of promising

• new antioxidants and antimicrobials

• anti-tumoral drugs

• anti-aging formulations and anti-inflammatory properties

• scavenge OH and NO radicals

• partial rescue of macrophages from cell death (H2O2-induced RAW 264.7)

• abate intracellular ROS (reactive oxygen species) production

• inhibition of LPS-induced inflammatory mediators



Bioactive potential in terms of antioxidant and anti-aging properties 

Application already as

→pharmaceuticals

→cosmetics, cosmetic lenitive lotions for inflamed/damaged skin

→functional foods (bioactive peptides, lipids and carbohydrates)

→food additives; colorant, stabiliser, antimicrobial agent, …

Future research and exploration is needed to increase

• desirable sensory attributes

• scalability of products

• Cost-effective production methods



Mineral and vitamin profile of seaweeds

Varies between species

Vitamins: A, C, E, B complexes

Minerals: Na, Mg, P, K, I, Fe, Zn  

(often much higher than in terestial plants)

https://marineagronomy.org/sites/default/files/MacArtain%20et%20al.%202007.%20Nutrition%20value%20of%20seaweeds.pdf
https://marineagronomy.org/sites/default/files/MacArtain et al. 2007. Nutrition value of seaweeds.pdf
https://marineagronomy.org/sites/default/files/MacArtain%20et%20al.%202007.%20Nutrition%20value%20of%20seaweeds.pdf


Economic benefits

Easy use in various products for human or animal consumption

➢E.g. in fish feed as prebiotics or in human food in a diversity of Novel Foods

Cost efficient production (of macro algae) and rising market potential

Integrable into other production systems (e.g. fish farms) IMTA aquaculture

Local and sustainable feed material production (alternative
protein sources) that is less depended on the global market. 

New antioxidants and antimicrobials → food additives for safe food



Ecological benefits

Reduction of methane emission, compared to other feed production

Eutrophication control

Lower impact in combination with other production cultures 

Production based on feedstock and liquid wastes (revaluation!) 

Waste reduction/recycling (circular economy)



Higher diversification of food products

Availability, accessibility and affordability of safe foods

Macroalgae farming enhances rural economies and small-scale farming

Job preservation and food security

“Research in the quest of natural and safe antioxidative agents from aquatic 
organisms to replace synthetic antioxidants, some of which have been restricted 
due to their carcinogenicity.” - La Fuente et al. (2020)

Societal benefits



Drawbacks and challenges



What challenges in the implementation of micro-
and macroalgae can you think of?



Legal and safety aspects

Regulation of novel foods, to ensure safety of algae, extracts and products
• contaminants and allergens

• hazards due to production methods and processing conditions

• different storage requirements

Control of production and transport due to hazard of invasive species
… it is important to protect native habitats and maintain a healthy and functional ecosystem

Rules for high-efficient monocultures (endangering natural ecosystems)
… as on land, monocultures bear risks of spreading diseases, displace native species, disrupt the 

functionality of ecosystems, … → ecological/ economic/ financial/ societal risks



Safety aspects

Contaminants

Allergens and toxins

Iodine

Generally;

→ Very high variability in contaminants

→ All types of environmental contamination can end 
up in marine organisms

→ Higher concentration in dried products

… and typical contaminations

• Heavy metals
• Ammonium
• Biotoxins
• Dioxin
• Pesticides
• Pathogenes, spores, toxins
• 5-Hydroxymethylfurfural
• Acrylamid
• PAH (thermal treatment marker)



Food safety hazards

Hazards from growing, harvesting, transporting 
and processing

Accumulation of heavy metals (chemical hazards)
→ Regulation (EC) No 2023/915 for ML in foodstuffs
But no specific EU regulations for toxic metals (except 
Nickel) in seaweeds for human consumption, but 
French Recommendations available
(CSHPF01/1990, AFSSA 04/2009)

Biological hazards
Biotoxins and microbial contamination, Allergens?

Physical hazards
Sand, stones, plastic, metal pieces, …

Algae (vegetables or 
condiments) French 
recommendations
[mg/kg dry weight]

Algae (vegetables or 
condiments)

EU regulation
[mg/kg]

Food supplements 
(EU) 2023/912

[mg/kg product]

Inorganic arsenic 
(As)

3

Cadmium (Cd) 0,5 3

Mercury (Hg) 0,1 0,1

Lead (Pb) 5 3

Tin (Sn) 5

Iodine (I) 2000 20*

Nickel (Ni) 30
(40 for Wakame)**

*In 2006 the Scientific Committee for food established an upper limit for iodine intake of 600 μg/day for adults and of 
200 μg a day for children of 1-3 years. It indicated that the ingestion of iodine-rich algal products, particularly dried 
products, can lead to dangerously excessive iodine intakes, if such products contain more than 20 mg iodine/kg dry 
matter and the exposed population lives in an area of endemic iodine deficiency ((EU) 2018/464)
**For dry seaweed the maximum level applies to the product as placed on the market. For fresh seaweed the maximum 
level applies after washing and separating the edible part. For fresh seaweed the maximum level applies on a dry matter 
basis. ((EU)2024/1987)



Diverse analysis of algae biomass, Vigo, Spain

ANFACO-CECOPESCA

Field of 
Work

Focus Video

Functional 
properties

Food safety 
hazards

Nutritional profile

Analysis of 
algae 

biomass

K e y  f a c t s

https://youtu.be/WI0B3HPFCjc


Group exercise

Will there be more products available in the future?
What could it depend on, and will consumers accept these new products? 

Form groups of 4-5 people

Discuss opportunities and benefits of algae and algae extracts. Consider drawbacks 
and especially consumer acceptance!

Afterwards: One person per group gives a short summary of the collected input



Time for your presentations!

Do you think there will be more products in the future?

What are challenges in consumer acceptance?

In your opinion, what will be most challenging
in the spread of algae-based products in Europe?
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Thank you very much for your attention!

Materials prepared by:
Ronja Hänsel

LVA 
verein@lva.at 

Quiz – Test your knowledge!
Follow this way to the Quiz about Processing 
techniques of marine and algal production in the 
context of sustainability
https://forms.office.com/e/4fZAqVMvCs?origin=lprLink

https://forms.office.com/e/4fZAqVMvCs?origin=lprLink
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