
Project description - Novel microalgae based ingredients 

 

1. Objective of the research 

The overall purpose of this project is to develop new multi-extraction technologies 

for the production of high value ingredients, such as proteins, omega-3 fatty acids, 

pigments and vitamins E and D, from different microalgae species. A secondary goal 

will be to investigate the effect of cultivation conditions on the content of vitamin D 

and other bioactive compounds. Therefore, the overall research hypothesis is that, 

by manipulating microalgae cultivation conditions in combination with the optimal 

extraction techniques, it is possible to increase the yield of bioactive compounds.  

 

2. Research background 

There is an increasing global interest in exploiting microalgae for the production of 

food and feed ingredients as well as biofuel and the number of commercial 

production facilities is increasing rapidly (Gangl et al., 2015). The value of microalgal 

biomass and extracts is estimated to be 1.3-1.5 billion US$ and increasing by 15 % 

annually. Microalgal biomass can either be used without further fractionation or it 

can be cracked, fractionated and purified into specific healthy ingredients such as 

omega-3 oils, proteins, pigments, polyphenols and vitamins, but only few studies have 

been carried out in this area (Spolaore et al., 2006; Grima et al., 2003). They suggest 

that different technologies may be needed for different algal species. Therefore, 

there is an urgent need to develop new efficient technologies for fractionation and 

extraction of these healthy high value ingredients from different types of algal 

biomass. 

In our ongoing projects, AQUABIOCHEMS and FIMAFY, we have investigated the 

effect of cultivation conditions on omega-3 fatty acids content, pigments and 

polyphenols in a range of different species. Our results indicated that manipulation of 

different cultivation parameters significantly affects synthesis of bioactive compounds 

(Safafar, 2017). However, the knowledge on the vitamin content in microalgae is 

scarce, and it is not known to which extent it is possible to enhance vitamin content. 

Therefore it will be necessary to optimize cultivation conditions in order to increase 

the yield of these high value components. 

 

3. Research plan 

The research will be organized in 3 phases: 

Phase 1: Literature review, selection and characterization 

Literature search and selection of the microalgal species are prerequisites for the 

further design of the research. In this step, the general properties of the selected 

species will be studied, including cultivation conditions and compositional analysis 

(proteins, omega-3 fatty acids, pigments and vitamins E and D).  

 



Phase 2: Upstream processing – Cultivation of selected species   

The aim is to study the relationship between content of omega-3 fatty acids, 

pigments and vitamin D and E in dependence of manipulated cultivation conditions of 

selected candidate algal species. Microalgae will be cultivated experimentally in lab 

scale (up to 20 L batches) at DTU Food. The effect of different cultivation conditions 

(nutrient concentration, light, temperature, pH and salinity) on biomass composition 

will be studied. The following analytical tools will be applied: Dumas for total 

nitrogen, GC for fatty acid composition, HPLC for pigment and tocopherol and LC-

MS for amino acid profiling and vitamin analysis. 

 

Phase 3: Downstream processing – extraction of high value ingredients 

The aim is to evaluate and optimize the efficiency of different extraction technologies 

for obtaining high value ingredients from selected algal species. Both novel and 

classical technologies to fractionate and extract the high value compounds will be 

investigated. Applied technologies will include: enzymatic extraction, pulsed electrical 

field, microwave, high pressure homogenization, bead milling, freezing/thawing and 

centrifugation. In addition, it will be investigated whether cracking of microalgal cells 

before extraction will improve extraction efficiency and whether extraction should 

be carried out before or after drying of the algal biomass. The newly developed 

innovative swirl flash dryer from our ongoing FIMAFY project will be used to dry the 

biomass. It will also be tested whether it can be used to dry the protein and pigment 

fractions in order to obtain high chemical stability. The oxidative stability of all 

fractions will be evaluated, and analytical methods for determination of peroxide 

value and TBARS will be applied, and with large quantities of algal biomass the 

volatile oxidation products will also be tested. Algal biomass in larger amounts will 

be obtained from the Danish algal producer Aliga Aps when needed.  
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