


 
 

TALLINN UNIVERSITY OF TECHNOLOGY 
DOCTORAL THESIS 

77/2025 

Valorization of Blue Mussels  
in the Baltic Sea 

INDREK ADLER 

 
 
 
 
 
 
 

 
 

 





 
 

TALLINNA TEHNIKAÜLIKOOL 
DOKTORITÖÖ 

77/2025 

Läänemere söödava rannakarbi 
väärindamine 

INDREK ADLER 

 

 

 

 

 

 

 

















11 

suspended solids, mussels clarify the water and their feces and pseudofeces (rejected 
particles bound in mucus) are deposited to the seafloor. This filtration and biodeposition 
activity effectively couples the pelagic and benthic environments, transferring organic 
material and nutrients from the water column to the sediments (Dame, 1996; National 
Research Council, 2010). Mussels excrete dissolved ammonium as metabolic waste, 
returning usable nitrogen to the ecosystem, which can fertilize local primary producers 
(Newell et al., 2005). In areas with substantial mussel populations or farms, these 
processes can enhance water clarity and promote the growth of seagrasses and other 
aquatic vegetation by reducing turbidity and recycling nutrients (Kaiser, 2001; Dame & 
Olenin, 2005). Mussel filtration is thus generally considered beneficial for water quality, 
and mussel beds provide ecosystem services akin to those of oysters in estuaries 
(National Research Council, 2010). Moreover, by harvesting and removing mussel 
biomass, humans can also remove some of these accumulated nutrients from the marine 
system. For instance, mussel farming has been proposed as a tool for bioremediation of 
nutrient-enriched waters – as mussels grow, they incorporate nitrogen and phosphorus 
into their flesh and shells, and harvesting them extracts these nutrients from the 
ecosystem (Lindahl et al., 2005). One Swedish study demonstrated that cultivating blue 
mussels in eutrophic waters could improve marine water quality by removing significant 
amounts of nitrogen when the mussels were harvested, while simultaneously yielding a 
usable biomass (Lindahl et al., 2005; Petersen et al., 2014). This highlights the elegant 
synergy between mussel ecology and human use: what mussels naturally do to feed and 
grow can also help manage nutrients and provide resources for people.  

Mussels have a simple life cycle typical of many marine bivalves, involving a dispersive 
larval stage. Most mussel species have separate sexes (male and female), and fertilization 
occurs externally in the water column. Mature adults broadcast spawn by releasing eggs 
and sperm into the water, usually in synchrony triggered by environmental cues like 
temperature and phytoplankton abundance. A single female mussel can release on the 
order of millions of eggs in a spawning event (e.g., 5–10 million from a mid-sized mussel), 
reflecting an evolutionary strategy of high output to offset high mortality in early life 
stages. After fertilization, the developing embryos become free-swimming larvae 
(trochophore and then veliger stages) that drift with plankton for a period of a few 
weeks. During this time the larvae feed on microalgae and undergo development, 
eventually metamorphosing into juvenile mussels (spats) that settle out of the plankton. 
The larval phase allows mussels to disperse to new areas, but also means they are at the 
mercy of currents and predation until they find a suitable habitat to settle. Upon 
settlement, the juvenile mussel attaches to a firm surface using byssal threads and begins 
its benthic life. From there, growth to adulthood is relatively rapid under favorable 
conditions. Growth rates in mussels, however, show high variability, depending 
especially on environmental conditions but also on genetic factors (Seed & Suchanek, 
1992). Under optimal conditions (e.g., full-strength seawater, moderate temperatures, 
and abundant food), young mussels can attain ~6–8 cm shell length within about two 
years (Seed & Suchanek, 1992). By contrast, in harsher environments growth can be 
stunted. For instance, mussels living high on the shore (exposed to air for long periods 
each day) or in low-salinity brackish waters grow much more slowly and may reach only 
a few centimeters across in several years (Kautsky, 1982; Westerbom et al., 2002). 
Environmental factors that strongly affect mussel growth and survival include 
temperature, salinity, food availability (plankton concentration), degree of tidal 
exposure, and biological interactions such as competition and parasitism. These factors 
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1.4 Specificities of the Baltic Sea context 
The Baltic Sea is characterized by low salinity, ranging from approximately 2 to 20, from 
the inner parts to the Danish Straits (Schubert et al., 2017). This brackish environment 
limits the growth potential of marine species, including mussels. The dominant mussel 
populations consist of hybrids between Mytilus edulis and Mytilus trossulus, which show 
smaller size and slower growth compared to their counterparts in fully marine 
environments (Kautsky et al., 1990). Typical adult mussels in the Baltic Sea reach shell 
lengths of only 20–30 mm, significantly smaller than those farmed in Atlantic waters. 

The Baltic Sea has experienced decades of nutrient enrichment from agricultural 
runoff, wastewater discharge, and industrial pollution, resulting in widespread 
eutrophication (HELCOM, 2018). Mussel and seaweed farming offer promising 
approaches to mitigate these impacts through nutrient bioextraction. Mussels can 
effectively remove nitrogen and phosphorus through filtration and subsequent biomass 
harvest, providing a direct ecosystem service that aligns with regional action plans such 
as the Baltic Sea Action Plan. 

Similar nutrient-removal functions have been investigated in other marine organisms 
such as macroalgae and various filter-feeding invertebrates. However, mussels remain 
one of the few options that simultaneously provide marketable biomass and high 
nitrogen and phosphorus uptake per unit area (Jansen et al., 2019). In contrast to species 
like jellyfish or sea cucumbers, which require active harvesting and post-capture 
stabilization, mussels offer more consistent deployment, maintenance, and recovery 
(Petersen et al., 2019). 

Environmental stressors, including low salinity, seasonal temperature fluctuations, 
and varying nutrient availability, affect the physiological condition of mussels in the Baltic 
Sea. Thin shells and relatively low meat yields are common features in farmed 
populations (Lindahl, 2012). These characteristics present challenges for the economic 
viability of mussel farming, particularly when targeting traditional markets where larger, 
meatier mussels are preferred. These region-specific constraints necessitate tailored 
methodologies. Standard aquaculture processing workflows fail to recover sufficient 
biomass from small, fragile mussels, prompting the development of redesigned 
techniques grounded in marine biochemical analysis and fractionation processes 
(Bayona et al., 2022; Maar et al., 2023). 

Comparable processing challenges have been documented for other underutilized 
marine inputs such as starfish, microalgae, and crustacean shells, where fragile 
structures or low raw yields complicate mechanical and chemical conversion. Research 
in these areas increasingly turns to targeted fractionation, gentle disruption, and 
enzymatic release (Venugopal, 2021), mirroring the trajectory followed in the present 
thesis. 

Despite these constraints, Baltic Sea blue mussels remain valuable for alternative 
valorization pathways, such as nutrient recycling, feed production, and functional 
ingredient extraction. Even if mussel growth and final sizes are not optimal, farming in 
the Baltic Sea remains essential, as it is one of the few viable methods to extract legacy 
nutrients from the marine environment. Understanding and adapting farming and 
processing methods to these environmental specificities is essential for building a 
sustainable mussel industry in the region. 
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the final pellets were uniform in consistency, neutral in odor, and suitable for further 
processing. 

Micronization emerged as a particularly significant innovation. The high-speed milling 
process produced free-flowing powders with more than 40% of particles below 63 µm, 
offering favorable rehydration and suspension properties. The resulting powders were 
rated positively in sensory testing for texture and flavor attributes, and biochemical 
analyses confirmed retention of valuable nutrients, including protein, omega-3 fatty 
acids, and calcium. Importantly, the whole-biomass approach also eliminated the need 
for shell separation, transforming what is typically considered processing waste into a 
functional component of the final product. 

Thus, these outcomes reinforce the technical viability of integrated, waste-minimizing 
processing workflows for small-sized mussels in low-salinity regions. The combined use 
of mechanical disruption, sedimentation, centrifugation, and micronization provides a 
scalable framework for the development of mussel-based functional ingredients aligned 
with circular bioeconomy goals. 
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Abstract 

Valorization of Blue Mussels in the Baltic Sea 
The global food system is undergoing a necessary transformation to meet the demands 
of sustainability, climate resilience, and circularity. In this context, low trophic 
aquaculture (LTA) offers significant potential by enabling resource-efficient biomass 
production with minimal environmental impact. However, the practical application of 
LTA in the Baltic Sea, a brackish, eutrophication-prone region, has been hindered by the 
biological and economic limitations of species such as Mytilus edulis/trossulus mussels. 
These small, thin-shelled bivalves have been undervalued in traditional food and feed 
markets due to their limited meat yield, high shell-to-flesh ratio, and lack of scalable 
processing strategies. 

This doctoral thesis addresses the pressing need for valorization pathways tailored 
specifically to Baltic Sea blue mussel biomass. The work is motivated by the dual 
imperative to reduce nutrient loading in the Baltic Sea and to unlock new bioeconomic 
value from underutilized marine resources. The novelty of this research lies in its 
integrative approach to whole-organism processing, its adaptation of food technology 
methods to marginal aquaculture conditions, and its contribution to emerging policy 
frameworks such as the EU Green Deal and Blue Growth. 

The central problem defined in this work is the absence of scalable, sustainable, and 
market-relevant processing solutions for small-sized Baltic Sea blue mussels, which limits 
the expansion of mussel farming as both an ecological and economic activity. To address 
this, the study set out four key objectives: (1) to develop innovative processing workflows 
suited to Baltic Sea blue mussel morphology and composition, (2) to optimize biomass 
yield and quality through mechanical and chemical pre-treatment, (3) to evaluate the 
biochemical and functional properties of the processed material, and (4) to propose 
viable product formats and valorization models aligned with circular economy goals. 

A multi-stage methodology was employed. Baltic Sea blue mussels were harvested 
from low-salinity farms in Estonia and Sweden and subjected to laboratory trials 
combining mechanical disruption, gravity sedimentation, low-speed centrifugation, and 
whole-biomass micronization. Pre-treatment with food-grade citric acid was tested for 
flavor improvement, while enzymatic hydrolysis was applied to enhance bioavailability. 
Analytical procedures included proximate composition, amino acid and fatty acid 
profiling, microbiological safety testing, and in vitro assessments of prebiotic activity. 
Sensory evaluations were conducted with trained panels to assess acceptability of 
micronized powders. 

The results demonstrated that sedimentation-centrifugation workflows provided dry 
matter yields of up to 17.2% from raw biomass, with protein contents exceeding 50% of 
dry weight. Whole-biomass micronization, particularly at high-speed settings, produced 
fine powders (less than 63 µm) with excellent sensory properties, favorable particle 
dispersion, and high nutritional value, including marine omega-3 fatty acids (EPA 18.7%, 
DHA 4.6% of total FA) and natural calcium (up to 18.4% DW). Citric acid pre-treatment 
significantly reduced off-flavors (e.g., muddy and metallic notes by more than 50%) and 
enhanced overall acceptability. Enzymatic hydrolysates stimulated the growth of 
Lactobacillus rhamnosus GG and Bifidobacterium animalis by over 80% compared to 
controls, suggesting mild prebiotic effects. Seasonal comparisons indicated that autumn-
harvested mussels provided superior yields and compositional quality due to post-
spawning recovery. 
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kohalikku merebiomassi. Töö tulemused pakuvad teaduspõhist tuge poliitikakujundajatele, 
tööstusele ja teadlastele ning annavad praktilise aluse kestliku LTA sektori arendamiseks 
Läänemeres ja mujal. 















































����������	�
����
������� �

��������������������������������������� �!�����!"�������"#������"����"#����$��������������������"�������"����%����������"���"���"�����$&'&'�()**+,�-./0+1�2341425+16*456.7�����8��"�����#��������!����!"��"�"�9:��������������������"��������� ���;�"���<���<�����"���������������%��!����"���#��"��������<��"�;����$�������������

��������!"�����������%��=�>����"���#��"���=?>���������<$���������������;"�����#������<�����"���9 �!�����>����"���#��"���@@>���������<$���������"��9 �<�9��A<�����������!"��BC>����"���#��"���@@>���������<$�D��"�����8"#�����������������������#��������!��� ���������<� ����%����9 � �#�����9��<� �"�"���9 �!"���A������<��"�"���9 �"���<������#"�����"%����9$�E����#��"�9������������"������"��������!�����"��<��������%����9�"����#�����9��<����������� �!�����"��������A�"������������������"����������;"�������������������$FG�HIJKLJJIMN���������9����������"������;"��;��"����"����������;"����:"��������#������%��#"�������<���#�����O���A#������"���"��%���"���9��������"�����"�������������������"������������$������<��"������������8����A#�����"���"�"�9��� ���������������#�����"���������"A��%����9���������"����"���"��������������"��������##����"��:"����$���������������"����O���#���������������������9�"�����"���9�";"��"%�� �#"P��<����#�"��"���"���;���������������������������P��<����"���;"�������������#������!"��������"#�$��������<<�������"�����������9����;�����"����#����<��"��!"9�������������"��"%���;"����:"��������#������%��#"�����"���"��%�������%����������;����#����"������������#9$�������<��!����������O�"����9��������������������������9 �"��������%�9������������� �������<�����"����������������������������������P��9�����A�������;������"�������
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Adler, I., Kotta, J., Robal, M., Humayun, S., Vene, K. and Tuvikene, R., 2024. Valorization 
of Baltic Sea farmed blue mussels: Chemical profiling and prebiotic potential for 
nutraceutical and functional food development. Food Chemistry: X, 23, 101736. 
https://doi.org/10.1016/j.fochx.2024.101736 
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Appendix 4 

Publication IV 
Adler, I., Kotta, J. and Vene, K., 2025. Micronization of low-salinity Baltic Sea blue 
mussels: Enhancing whole-biomass utilization and nutritional viability. Fishes, 10, 199. 
https://doi.org/10.3390/fishes10050199 
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Elulookirjeldus 
Isikuandmed 

Nimi: Indrek Adler 
Sünniaeg: 10.12.1977 
Sünnikoht: Kuusalu vald, Harjumaa 
Kodakondsus: Eesti 

Kontaktandmed 

E-post: Indrek.Adler@Tradeleader.eu 

Hariduskäik 

2021–2025 Tallinna Tehnikaülikool, PhD 
2019–2021 MSC Eesti Maaülikool 
2016–2018 MBA Estonian Business School 
2008–2015 BBA Estonian Business School 
1985–1996 Loksa Gümnaasium 

Keelteoskus 

Inglise keel  Kõrgtase 
Vene keel Suhtlustasand 
Soome keel Suhtlustasand 

Töökogemus 

01.09.2024–...    Tallinna Tehnikaülikool, Eesti Mereakadeemia, 
doktorant-nooremteadur (0,50) 

03.01.2022–31.08.2024    Tallinna Tehnikaülikool, Eesti Mereakadeemia, 
doktorant-nooremteadur (0,40) 

01.12.2020–30.09.2022    Tartu Ülikool, Loodus- ja täppisteaduste valdkond, 
Eesti mereinstituut, ökoloogia spetsialist (0,25) 
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