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EXECUTIVE SUMMARY 

This deliverable presents an overview of activities conducted in WP2 of the 
VALORISH project. WP2 focuses on using fish protein hydrolysates (FPHs) 
produced in WP1 as a substitute for commercial peptones in production 
processes for high‑value bioproducts, while enabling full utilisation of residual 
biomass. 

In Task 2.1/2.2, FPHs were assessed as sustainable substitutes for commercial 
complex peptones in microbial fermentation. Using an astaxanthin‑producing 
Phaffia rhodozyma strain, growth and production performance were evaluated in 
microbioreactors, microfluidic fed‑batch systems and lab‑scale bioreactors. The 
three tested FPH variants supported biomass formation comparable to, or slightly 
higher than, the reference yeast extract, while astaxanthin yields were somewhat 
lower for all FPH conditions. These results confirm the feasibility of FPH‑based 
media and guide ongoing medium and process optimisation. 

Task 2.3 addressed fishbone valorisation. Enzymatic collagen extraction showed 
increasing nitrogen release with higher enzyme doses, indicating improved 
solubilisation. Parallel development of an innovative calcination system for 
hydroxyapatite production is ongoing, featuring a reactor design that enhances 
heat transfer efficiency. 

Task 2.4 has initiated characterisation of biomass streams remaining after FPH 
production for anaerobic digestion. Substrates from hake, shrimp and surimi 
processing were analysed for moisture, total solids and volatile solids as 
preparation for upcoming methane potential tests. 

Overall, the results demonstrate promising routes for transforming 
fish‑processing side-streams into valuable products. The findings described in 
this deliverable represent intermediate progress that will be expanded and refined 
in future work.  
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1. INTRODUCTION 

1.1 General context  

The European bioeconomy increasingly relies on sustainable, resource‑efficient 
strategies to reduce waste and valorise underutilised biomass streams. Within 
the seafood sector, large volumes of fish by‑products are generated every year. 
Although rich in valuable proteins, peptides, lipids and micronutrients, much of 
this biomass has traditionally been discarded, downgraded to low‑value uses, or 
utilised inefficiently. Recovering these nutrients and converting them into 
high‑value products is therefore an important opportunity to strengthen circularity, 

improve environmental performance, and create new bio-based value chains.  

VALORISH aims to develop a novel computationally-assisted methodology for 
guiding the design and implementation of a cascade biorefinery approach to 
valorise waste and by-products from the fishing industry. This will be achieved 
through the extraction and bioproduction of high-value bioproducts, targeting 
applications as food products, nutraceuticals and food additives and 
supplements. Specifically, in VALORISH protein hydrolysis of industrial waste 
and by-products from the fishing industry through microbial proteolytic 
fermentation will be optimised to produce fish protein hydrolysates (FPHs). FPHs 
represent a promising and sustainable resource for industrial biotechnology. 
Derived from the hydrolytic processing of fish‑processing residues, FPHs provide 
bioavailable nitrogen, peptides, amino acids, and minerals that can support 
microbial cultivation. Their integration into bioprocesses offers potential to 
replace conventional complex media components while increasing the value of 
marine side streams. Within the VALORISH project, FPHs are evaluated as 
functional ingredients in microbial media to produce three high‑value bioproducts; 
astaxanthin, vitamin B12, and bacteriocins, addressing markets spanning 
nutrition, aquaculture, health, and food safety, and supporting EU sustainability 
objectives, including those outlined in the Circular Economy Action Plan and the 
European Bioeconomy Strategy. 

In this context, the use of FPHs as substitutes for commercial complex peptones 
in microbial fermentation is assessed and optimised. FPHs are first generated by 
the controlled hydrolysis of industrial fish byproducts using microbial strains for 
proteolytic fermentation. Different FPHs are then systematically compared with 
commercial peptones using selected microbial strains for bioproducts generation, 
partly informed by prior computational strain selection. Cultivations are performed 
in controlled microbioreactor and microfluidic systems to evaluate growth, 
productivity, and substrate utilisation, thereby establishing the feasibility of 
FPH‑based media for sustainable biomanufacturing of bioproducts. The 
bioproducts obtained will then be validated for their performance and stability by 
industrial partners of the VALORISH consortium. 

Amongst the residues and by-products from the fishing industry, are fish bones  
which represent an important and promising raw material for further valorisation 
due to their high content of collagen proteins and essential minerals, particularly 
hydroxyapatite (HA), which can constitute 60–70% of the bone matrix1,2. Collagen 
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extraction from hard tissues such as fish bones is, however, challenging. 
Conventional methods typically rely on strong acids like hydrochloric acid for 
decalcification, posing occupational health and safety risks while simultaneously 
breaking down the ionic bonds that stabilise HA. Consequently, there is growing 
interest in developing milder and more sustainable extraction approaches that 
preserve both the collagenous and hydroxyapatite fractions of fish bones. In the 
VALORISH project, we will evaluate direct extraction of the bone-collagens by 
combining micro-milling technology with non-thermal processing, which help 
preserve the mineral-rich HA network. The HA will be further isolated and 
valorised through a novel calcination process. In this manner, the project will 
enable the development of two high-value bioproducts, i.e. collagens and HA, 
with strong market potential and a potentially reduced environmental footprint 
compared to conventional acid-extraction. 

In addition to fish bones, residual biomass generated after FPH production 
represents another valuable resource for further valorisation. Anaerobic digestion 
enables the conversion of this organic matter into biogas, a methane-rich gas 
mixture that can be used to produce heat and electricity or upgraded to 
biomethane after purification. In this way, the process contributes to closing the 
loop and supports the implementation of a zero-waste strategy. 

The present deliverable provides a status update on the ongoing experimental 
activities in WP2, summarising current progress and preliminary findings. As 
WP2 continues until M36 of the project, the results presented here represent an 
intermediate stage and will be further expanded, refined and integrated into 
subsequent fermentation development and scale-up activities within VALORISH. 

1.2 WPs and tasks related with the deliverable 

This deliverable refers to Task 2.1: Bioproducts production by hydrolysate-
based fermentation led by SINTEF, Task 2.2: Downstream activities for 
bioproducts purification, led by SINTEF, Task 2.3: Fishbone side-stream 
valorisation, led by RINA and Task 2.4: Side-stream biomass valorisation, 
led by ANFACO. In turn, these tasks are included in WP2: Bioproducts 
production and side-stream valorisation, led by SINTEF.  

The bacterial strains selection and process design for bioproducts production in 
Task 2.1 is guided by the genome scale models developed in Task 4.2. 
Furthermore, Task 2.1 is supported by the delivery of fish protein hydrolysates 
(FPH) produced in Task 1.3. The fishbone side-stream valorisation in Task 2.3 is 
guided by input from the feedstock analysis and selection performed in Task 1.1, 
and valorisation of the side-stream biomass from the proteolytic fermentation 
receive input from Task 1.3. Lastly, validation of selected bioproducts from WP2 
will be performed in Task 3.5. 
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2. METHODOLOGY 

2.1 Astaxanthin production 

A commercially available astaxanthin-producing Phaffia rhodozyma yeast strain 
was used in all experiments described below. Different types of nitrogen sources 
were evaluated; commercially available complex components such as yeast 
extract, peptone, tryptone, meat extract among others and FPH variants 
produced by ANFACO within the VALORISH project. FPHs are functionally 
comparable to traditional peptones as organic nitrogen sources but may differ 
from yeast extract and meat-derived extracts in peptide size distribution, amino 
acid profile and micronutrient composition. In this study, FPHs were primarily 
used to supply nitrogen to the cultivation medium, while also contributing with 
additional growth factors. As the FPHs contained different nitrogen levels, the 
amount of each hydrolysate added to the medium was adjusted to ensure the 
same nitrogen level in the final media. 

Initial screening of commonly used complex nitrogen sources (e.g. peptone, 
yeast extract, tryptone) was performed in a BioLector microplate cultivation 
system (1 mL culture volume, batch mode). Cultures were grown in a complex 
medium containing organic nitrogen sources from the commercial peptone panel 
listed above. The BioLector platform (Fig 2.1) enabled online monitoring of 
biomass (recorded as a scattered-light signal (a.u,)), pH and dissolved oxygen 
(DO) through integrated, pre-calibrated and non-invasive sensors. This 
experiment focused exclusively on growth performance and no product 
quantification was performed. 

 

 
Fig 2.1: BioLector. 
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Larger, lab-scale batch fermentations were carried out in Applikon 3 L laboratory 
bioreactors (Fig 2.2) with a start volume of 1 L, using both complex and defined 
media. The bioreactors were equipped with probes for pH and DO, controlled pH 
regulation and off‑gas analysis. Offline analysis included measurements of 
optical density (OD600), cell dry weight (CDW), and product formation using an 
LC-MS-based method.  

 
Fig 2.2: Applikon 3 L bioreactor. 

Then, a defined medium was used to assess the contribution of FPH as a source 
of nitrogen and other growth factors under controlled fed‑batch conditions. 

Experiments were performed in a BioLector fed‑batch microfluidic system with 
automated glucose feeding and pH control. Tested conditions included defined 
medium supplemented with yeast extract (reference control) and defined medium 
supplemented with different FPH variants. For all conditions, the amount of yeast 
extract or FPH added was adjusted so that the final nitrogen concentration in the 
medium was identical. Online measurements included biomass, pH and DO, and 
end-point samples were collected for astaxanthin quantification. 

An LC–MS-based method was established for the quantification of astaxanthin 
from small- and laboratory-scale cultivations. In addition, an extraction protocol 
was developed to enable astaxanthin analysis. Briefly, approximately 1 mL of 
culture broth was sampled and freeze-dried. The freeze-dried material was then 
resuspended in 0.75 mL DMSO and incubated at room temperature for 30–60 
min and centrifuged prior to analysis. 
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2.2 Fishbone side-stream valorisation 

Fish bones from salmon heads and cod backbones were collected after 
enzymatic hydrolysis using Food Pro PNL (Dupont Danisco). The bones were 
dried and milled into a powder. For the collagen extraction trials, the bone 
powders were mixed with water and added enzyme (Bromelain (Enzybel, 
Waterloo, Belgia). The hydrolysis was conducted at 55 °C for 60 mins under 
continuous stirring. After hydrolysis, the enzyme was inactivated by heating the 
slurry to > 90 °C for 10 mins. Nitrogen yield was used as a preliminary indicator 
of collagen yield.  

Calcination tests on fishbone residues, after collagen extraction, will be 
performed to produce hydroxyapatite (HA) with an innovative heating system. 
This system involves transferring heat to the fishbone residues through the three 
heating transport phenomena (conduction, convection and radiation).  

The concept is based on a synergistic thermal configuration where: 

- Conduction is ensured through direct contact between the stainless-steel 
chamber walls and the heated furnace environment. 

- Forced convection is introduced through controlled hot air injection inside 
the chamber. 

- Thermal radiation contributes at elevated temperatures, especially above 
600°C, enhancing volumetric heating of the powder bed. 

The main objective is to design and test a highly efficient calcination system 
capable of: 

- Preserving HA phase stability. 

- Minimising energy consumption and associated CO2 emissions. 

- Enabling, in a future system scale-up, the integration of waste thermal 
flows. 

At first stage, the design of the calcination reactor (part of the innovative heating 
system) has been carried out and its production has started. The reactor is 
represented by a stainless-steel chamber. Figure 2.3 shows the technical 
drawing of the reactor chamber. The fishbone residues will be located inside the 
chamber and then thermically treated. The reactor will ensure mechanical 
stability under thermal expansion and allowing controlled air distribution within 
the powder bed, enabling uniform temperature distribution. The compactness of 
the geometry will enable the system to maximise surface-to-volume ratio for heat 
transfer and minimise thermal gradients. In the current laboratory setup, direct 
utilisation of real waste heat streams will be not feasible. However, the 
experimental system has been designed to simulate this condition through the 
injection of pre-heated air at controlled temperature, allowing a preliminary 
assessment of the potential impact of external thermal inputs on the process. 

The experimental setup will be made up of: 

- A mass flow controller for inlet air flowrate. 
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- Air heater to blow hot air in the reactor. 

- The heating treatment furnace. 

- The gas analyser. 

 
Fig. 2.3: Reactor design (stainless steel chamber). 

Hot air will be blowed in, thanks to an inlet point, to guarantee a convection 
phenomenon in the chamber. The exhaust gases will then be able to leave the 
reactor and will be released into the air after passing the appropriate filtration 
treatment unit (e.g., activated carbon), ensuring the removal of odorous 
compounds and compliance with environmental requirements. 

The reactor is designed to simultaneously exploit the three heat transfer 
mechanisms – conduction, convection and radiation – thus enhancing overall 
heat transfer efficiency compared to conventional systems based on a single 
dominant mechanism at high treatment temperature (~ 900-1000 °C). The 
experimental campaign will therefore investigate the possibility of operating at 
reduced calcination temperatures while still achieving complete organic removal 
and high-quality HA production from process residues.     

A preliminary thermogravimetric and differential thermal analysis (TGA/DTA) 
campaign was carried out on fishbone residues samples after collagen extraction 
with the objective of defining the optimal treatment window for the innovative 
calcination reactor. 

Tests were conducted in the temperature range from room temperature to 900 
°C, under controlled heating rate and atmosphere. Two atmospheres were 
investigated:  

- argon, to evaluate pure thermal decomposition behaviour;  

- air, to simulate oxidative calcination conditions. 
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2.3 Side-stream biomass valorisation 
Biological methane potential (BMP) tests will be conducted to assess the 
potential of different side-stream biomasses to be converted into biomethane. At 
this stage of Task 2.4, three different substrates derived from FPH production 
(WP1; task 1.3) had been identified and an initial characterisation has been 
performed in terms of total solids (TS) and volatile solids (VS). 
  



 
 
D2.1. Report on initial results on bioproduct production and 
side-stream valorisation. Version v.1.0 

 

 15 

3. RESULTS AND DISCUSSION 

3.1 Astaxanthin production 
Initial batch cultivation of Phaffia rhodozyma in microbioreactors revealed good 
growth of the strain when grown on different commercially available complex 
nitrogen sources (yeast extract, peptone, tryptone, Lab Lemco, beef extract, meat 
extract and yeast extract/peptone). However, growth rates and maximum 
biomass yield differs among different complex sources (Figure 3.1).  
 
 

 
Fig. 3.1: Biomass over time in BioLector for an astaxanthin-producing Phaffia 
rhodozyma yeast strain in complex media containing different types of 
commercially available nitrogen sources. 
 
The best-performing medium from the initial test in microbioreactor was used in 
a lab-scale batch cultivation (Figure 3.2) with a culture volume of 1 L. Growth of 
the strain is shown in Figure 3.3. Samples from this experiment were collected 
and analysed for astaxanthin content. This experiment established baseline 
growth and production performance on commercial complex media, reaching an 
OD600 of 20 and approx. 0.2 mg astaxanthin per g cell dry weight. 
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Fig. 3.2: Lab-scale cultivation in Applikon bioreactors for an astaxanthin-
producing Phaffia rhodozyma yeast strain in complex medium. 
 

 
Fig. 3.3: OD600 over time in lab-scale reactors for an astaxanthin-producing 
Phaffia rhodozyma yeast strain in complex medium. 
 
Three different FPHs based on shrimp, hake and surimi were evaluated in terms 
of growth and production as compared to a reference in a fed-batch 
microbioreactor experiment. End point samples were taken for astaxanthin 
analysis. Growth (Figure 3.4) varied slightly between the different conditions, but 
fairly good growth was obtained for all FPHs, for two of them reaching a higher 
maximum biomass than the reference. Astaxanthin production (Figure 3.5) was 
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highest when the yeast was grown in the reference medium, and decreasing for 
the three FPH samples. 
 

 
Fig. 3.4: Biomass over time in microbioreactors for an astaxanthin-producing 
Phaffia yeast strain in defined medium supplemented with a complex reference 
(blue line) or different FPHs (green, pink, orange lines). 
 

 
Fig. 3.5: Astaxanthin content in samples. 
 

Further work includes process and medium optimisation for better astaxanthin 
yield, and testing of other FPHs generated within the project. Process and 
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medium development will be guided by data from genome scale modelling 
performed at IDENER. Ultimately, the best performing FPHs will be used for 
cultivation in lab-scale reactors which allows for more strict control of process 
parameters.  

Furthermore, so far extraction of astaxanthin has only been performed from small 
samples for the purpose of quantification after fermentations. Next, extraction and 
purification from larger batches will be investigated. In VALORISH, a wild type 
strain of Phaffia is used for evaluation of the FPH’s generated. This implies that 
the yields of astaxanthin obtained will be considerably lower than what is reported 
in the literature for genetically modified and optimised strains. This could possibly 
be a limiting factor in terms of the quantities needed for validation of the 
bioproduct. However, measures are taken by the partners to minimise the 
amounts of product needed for validation purposes. 

3.2 Fishbone side-stream valorisation 

After enzymatic hydrolysis of the fish bones, a general linear ANOVA was applied 
to assess how enzyme concentration influenced the nitrogen yield in the liquid 
phase, used here as an indicator of collagen release (Figure 3.6). In the absence 
of enzyme, with heat treatment alone, only limited amounts of the bone nitrogen 
became solubilised. In contrast, increasing the enzyme dose resulted in 
progressively higher nitrogen release into the water phase, with a nitrogen yield 
> 40%. Challenging raw materials such as fish bones often require relatively high 
enzyme dosages, and different enzyme concentrations were therefore tested to 
assess whether the material was in fact hydrolysable. However, increasing the 
enzyme concentration four-fold, from 0.5% to 2%, resulted in only a modest 
improvement in nitrogen yield. Because enzymes significantly contribute to 
processing costs, a careful balance between achieving the highest possible yield 
and maintaining economic feasibility is necessary. 
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Fig. 3.6: Enzyme concentration (0-2 %) effect on nitrogen yield in collagen 
extraction trials using salmon bones.  

3.3 Biomass side-stream valorisation 

The biomass that it is going to be used in this study originates from hake, 
shrimp and surimi by-products that underwent primarily a fermentation process 
for FPH production (WP1). These side-streams, however, hold significant 
potential for further valorisation through anaerobic digestion for energy 
recovery. For the upcoming anaerobic digestion trials, initial characterisation of 
TS and VS content of these by-products was done, to provide essential 
information for the design of these experiments. Specifically, the TS and VS 
values will be used to establish the inoculum-to-substrate solid ratios, ensuring 
consistent organic loading throughout the entire runs, enabling comparison of 
biogas performance across all treatments. Results of this characterisation are 
shown in Table 3.1. 
 
Table 3.1: Characterisation of substrates 

  
Hake By-products Shrimp By-products 

Surimi By-
products 

Moisture (g/100g) 82,00 73,00 75,00 

Ashes (g/100g) 1,97 2,30 1,95 

Total solids 
(g/100g) 

18,00 27,00 25,00 

Volatile solids 
(g/100g) 

16,03 24,70 23,05 
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4. CONCLUSION 

This deliverable summarises the intermediate progress achieved in WP2 of the 
VALORISH project, covering bioproducts production using fish protein 
hydrolysates (FPHs) and the valorisation of fish bone and biomass side streams. 
The work conducted to date demonstrates that FPHs can support microbial 
growth in astaxanthin‑producing Phaffia rhodozyma, with performance varying 
between hydrolysate variants. While astaxanthin yields were lower for 
FPH‑based media than for commercial complex variants, growth results confirm 
the feasibility of using FPHs as alternative nitrogen sources and provide a 
foundation for ongoing process and medium optimisation. 

The fishbone valorisation activities show promising results for collagen extraction, 
with enzymatic treatment significantly enhancing nitrogen release. Parallel 
reactor development for innovative hydroxyapatite calcination is progressing as 
planned. Initial characterisation of fermentation residues for anaerobic digestion 
has been completed, enabling upcoming methane potential assessments in Task 
2.4. 

No significant deviations from the Description of Action (DoA) have occurred. All 
planned activities are progressing according to schedule, and ongoing work 
focuses on optimising FPH‑based fermentation performance, expanding testing 

to additional hydrolysate variants, validating larger‑scale extractions of 
astaxanthin, and completing downstream valorisation steps. 

As WP2 continues until month 36 of the project, the results presented here 
represent an intermediate stage. Future deliverables will report on refined 
fermentation strategies, expanded product datasets, enhanced downstream 
processing and validation by industrial partners.  



 
 
D2.1. Report on initial results on bioproduct production and 
side-stream valorisation. Version v.1.0 

 

 21 

5. REFERENCES 
1. Aspevik, T., Pedersen, M., Veiseth-Kent, E. & Albrektsen, S. A Comparative Study of 

Collagen Proteins in Skin, Bones, and Guts of Atlantic Salmon (Salmo salar L.) and 

Atlantic Cod (Gadus morhua). J. Aquat. Food Prod. Technol. 33, 683–696 (2024). 

2. Toppe, J., Albrektsen, S., Hope, B. & Aksnes, A. Chemical composition, mineral 

content and amino acid and lipid profiles in bones from various fish species. Comp. 

Biochem. Physiol. B Biochem. Mol. Biol. 146, 395–401 (2007). 

 

 

 

 

 

 

 

 

 

 

 


