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• Widespread but environmentally 
constrained distribution

• Key ecosystem role

• Baltic-specific adaptation

• Hybrid species

Ecological Importance of Blue Mussels in the Baltic 
Sea



The Salinity effect
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Nature-positive impact 
of an individual farm

Farm area is approximately 
27 ha, therefore:

N removal: ~14.4 kg/ha/year

P removal: ~1.6 kg/ha/year

CO₂ capture: ~0.85 t/ha/year

These values are equivalent to the annual nutrient removal capacity of a small 
wastewater treatment plant (serving 700–875 inhabitants).



Chemical 
composition 

of Blue 
mussel

Naik A.S,  Hayes M. (2019). Bioprocessing of mussel by-products for value added 

ingredients. 

Trends in Food Science & Technology, Vol 92 pp 111-121



High-Value Components in Baltic Mussels

Bioactive molecules

• Glycogen

✓ Fast-access energy polymer; 
potential cosmetic active and 
functional ingredient

• Marine peptides / protein 
hydrolysates

✓ Cosmetic, nutraceutical and 
functional formulation 
potential

• Mytilin

✓ Antimicrobial peptide with 
biomedical interest

Shell-derived value streams

• Nacre-derived fraction

✓ Pearlescent mineral 
ingredient for cosmetics and 
decorative applications

• Calcium carbonate (CaCO₃)

✓ Bulk mineral stream for fillers 
and biomineral products

• Byssus-derived proteins

✓ Wet-adhesion proteins of 
interest for biomaterials 
research

Lipid and nutrient fractions

• EPA

✓ Anti-inflammatory omega-3 
with nutritional and cosmetic 
relevance

• DHA

✓ Premium omega-3 
associated with brain and eye 
development

• Pigment-rich fraction

✓ Minor but potentially valuable 
antioxidant/cosmetic side-
stream



Shell–Meat Separation as a 
Scalable Processing Route

What did we learn?

➢ Scalable

➢ Needs refining

➢ Best for protein-focused recovery

➢ High energy and excess water

Reference: Optimizing the processing of shellfish 
(Mytilus edulis and M. trossulus hybrid) biomass 
cultivated in the low salinity region of the Baltic Sea for 
the extraction of meat and proteins 
Avaldatud: 20.05.2022, Applied Sciences (https://www.mdpi.com/2076-

3417/12/10/5163)



Optimising Shell–Meat 
Separation

What did we learn?

➢ Mussel texture is season-
dependent

➢ Yield can be improved through 
process tuning

➢ More processing is not always 
better

➢ Taste and odor issues are 
manageable

Reference: Unlocking the Potential of Shellfish Biomass: Refining Protein 
Extraction from Baltic Blue Mussels for Sustainable Food Applications
Cogent Food & Agriculture https://doi.org/10.1080/23311932.2024.2405880



Tested Processing Routes: 
What Did They Reveal About 
Mussel Biomass Value?

 

Teadusartikkel : Valorization of Baltic Sea farmed blue mussels: Chemical profiling and prebiotic potential for nutraceutical and 
functional food development
Avaldamisele: Oktoober 2024, Food Chemistry X (https://www.sciencedirect.com/science/article/pii/S2590157524006242?via%3Dihub)

What did we learn?

➢ Season strongly affects 
composition

➢ Mussels are rich in omega-
3s and essential amino acids

➢ Enzymatic treatment 
improves prebiotic potential

➢ Biomass has value for both 
nutrition and sustainability



Whole-Biomass Micronisation: 
Turning a Raw Material into a 
Functional Platform

Reference : Micronization of Low-Salinity Baltic Sea Blue 
Mussels: Enhancing Whole-Biomass Utilization and 
Nutritional Viability
Fishes 2025, 10(5), 199; https://doi.org/10.3390/fishes10050199

What did we learn?

➢ Fine milling improves palatability

➢ Creates a strong platform for 
downstream extraction

➢ Supports full-biomass utilisation

➢ Near-term fit: feed; longer-term 
potential: food





Pilot Plant Process Logic

Focus on full biomass valorisation and circular use of by-products

1
Raw material 
and pre-
treatment

Mussels from sustainable 
aquaculture are cleaned 
and homogenised.

2 Wet 
micronisation 
and separation

A water-cooled process 
produces a homogeneous 
mass (<63 µm).

3 Extraction and 
hydrolysis

Lipids, pigments and 
protein fractions are 
separated.

4 Fractionation 
and drying

Outputs are directed into 
food, feed or functional 
product streams.

5 Circular use

Shells are utilised as 
CaCO₃, bioash or 
compost.

Expected product portfolio

• Omega-3 enriched lipid fractions
• Astaxanthin and other pigments
• Protein hydrolysates for functional ingredients
• CaCO₃-based mineral products for fertilisers or fillers

Core innovation

• Technology adapted to small Baltic mussels, not 
imported standard solutions

• Whole biomass utilisation – not only meat extraction
• Scalable model extendable to other low-trophic species











“Misaligned Incentives in Environmental Policy”

Oil shale mining

100 t of oil shale

Extraction fee ≈ €100

Area affected ≈ 0.1 ha

Restoration cost: €2,000–8,000

Environmental impact: irreversible / long-term

CO₂ emissions, groundwater and landscape 
damage

Blue mussel farming

100 t of blue mussels

Construction (use-of-water) fee ≈ €38,000

Area used: 27 ha of sea

Restoration cost: €0

Environmental impact: positive

Removes N and P, filters water, sequesters CO₂, 
restores habitat

Fun Fact : In Estonia, it is 380 times more expensive to clean 
the environment than to destroy it
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