
Products from microalgae: The formulators perspective    
Isabel Mira, Karin Persson , Malin Svensson, Eva Sjöström, Jan-Willem Benjamins, Jessica Eriksson, Lena Brive. 

RISE, Research Institutes of Sweden; Drottning Kristinas väg 45,  SE-114 86 Stockholm 

Introduction  

Chemical products from 

microalgae biorefineries 

represent an attractive 

source of sustainable 

chemicals and raw 

materials for the 

formulation industries (i.e. 

those commercializing 

pharmaceuticals, 

cosmetics, personal and 

home care products, 

agrochemicals, foods and 

drinks, coatings, paints 

and adhesives). This is 

particularly true in the 

context of the Circular 

Economy mega trend.  
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Properties of algal starch and its use as Pickering emulsifier   

 

Nanocarriers as delivery systems for carotenoid-rich extracts   
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Schematic to summarise products and processes of the 

D-Factory 

Beyond challenges related to regulations and economic viability, 

products from microalgae biorefineries pose technical challenges 

for the formulator from a heterogeneity, purity and variability 

perspective. During the course of D-Factory project the 

performance of extracts from the microalgae Dunaliella salina was 

tested in the context of selected prototype formulated products. 

Fractions of particular interest were: i) carotenoid-rich algal 

extracts produced via scCO2 extraction (product 5 in figure 

above), ii) starches (extracted from product 6 in figure above) and 

iii) polar lipids (product 9 in figure above).      

5: Carotenoid-rich extract  
6-1: Starch from defatted powder  

9: Polar lipids   

Carotenoids are well-

known for their antioxidant 

properties and associated 

health benefits.  

Emulsions and lipid 

dispersions are a 

convenient way of 

incorporating hydrophobic 

carotenoids into water-

continuous foods such as 

e.g. fortified smoothy-type 

drinks. But the choice of 

ingredients and delivery 

system influences the 

chemical stability and 

bioavailability of the 

carotenoids. 

Oil in water nanoemulsions 

and solid lipid 

nanodispersions were 

compared in terms of their 

ability to protect 

carotenoids against 

oxidative degradation upon 

storage.  

Compared to nanolipid 

dispersions,  nano-

emulsions proved to 

provide better protection 

against oxidation, specially 

at higher extract 

concentrations.    

 

Nanostructured lipid carrier with carnauba wax/MCT 

mixture and 2.5% extract in the lipid phase. Overall lipid 

content 10%. 

Polar lipids as clean-label emulsifiers    

The small size of the algal starch 

renders it ideal for use as a 

natural, edible particle for 

Pickering stabilisation of 

emulsions. Hydrophobic 

modification of the starch is 

necessary to increase its affinity 

to the oil-water interface.  

150 – 300 nm The carotenoid-rich extract produced through scCO2 extraction contains at least 25-30% 

carotenoids (mostly β- and α-carotene), chlorophylls, tri- and diglycerides as well as trace of 

monoglycerides.  Previous dilution in a carrier oil/(or lipid), the extract is incorporated in a o/w 

nanoemulsion  (or nanolipid dispersion ) via microfluidisation.  

Carotenoid-rich extract  

150-300nm 

(A)Solid lipid nanodispersion 10% lipid, 2500 mg/mL extract     

    Lipid: 85% Stearic acid + 15% oil 

(B) Solid lipid nanodispersion 10% lipid, 2500 mg/mL extract     

    Lipid: 85% Carnuba wax + 15% oil 

(C) o/w nanoemulsion 10% oil , 2500 mg/mL extract  

(D) o/w nanoemulsion 40% oil , 10000 mg/mL extract 

 

Oil: Medium Chain Triglyceride (MCT),  

Emulsifier: Soy Lyso Lecithin  

(A) (B) 

(C) (D) 

(A) (B) (C) 

Concentration of extract in different nanocarrier systems as a 

function of  time under different storage conditions. Extract 

concentration deterimined via UV-vis spectroscopy.   

Visual appearance of 

systems after 4 months 

of storage at 4oC and 

protected from light. 

Starch from defatted powder  

10 um 

The defatted algal powder contains 

ca. 38 % of starch of which ca. 73% 

was recovered through a customized 

separation process. The isolated 

algal starch granules are irregular in 

shape and are characterized by a 

median particle diameter of 1.5 µm.           

  

The isolated al algal starch undergoes a melting (gelatinization) transition when 

heated in the presence of water. When heated beyond this temperature, the  algal 

starch suspension undergoes a dramatic increase in viscosity. Brittle, free-standing 

films can be produced upon casting and drying of these gelatinized starch solutions.   
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Melting onset, 57oC    

Melting onset, 47oC    

(A) (B) 

(A) Thermograms of algal starch (starch/water 1:3) as determined 

by means of differential scanning calorimetry.    

(B) Solution casted, free standing films produced from gelatinized 

6% w /w starch solutions. Glycerol (2% w/w) was added as a 

plastisizer in some cases. Reference films were prepared with 

potato starch.     

Potato starch 
Potato starch 

+ glycerol Algal starch 
Algal starch   

+ glycerol 

5 cm 

Algal Starch  

o/w em starch  

o/w em OSA starch  

Particle size 

distribution of o/w 

emulsions stabilized 

with natural and 

hydrophobically 

modified (OSA) 

algal starch.  

NBT, Westfalia 

centrifuge, spraydried 

("NBTDP-160216) 

 

Phospholipids and glycolipids are among the polar lipids found in Dunaliella salina. 

The ability of these type of molecules to self-assemble in solution and to stabilize 

interfaces makes them suitable for drug encapsulation and emulsion stabilization 

applications. Polar lipid fractions isolated from algal biomass proved to be suitable for 

emulsion stabilization. The range of applications possible are dependent on the 

overall polarity (hydrophilic-lipophilic balance, HLB) of the extract.      

Phosphatiodylcholine (PC)  Phophatidylserine (PS)  

Glycolipids  

(e.g. DiGalactosyl-DiacylGlycerol)  

Phosphoinositol-phospholipid 

Major components of polar lipid fractions 

isolated from algal biomass 

Drop size distributions (volume 

% vs. drop diameter in µm) of 

o/w emulsions containing 50% 

v/v oil and 2 % w/v algal polar 

lipids. The plots display 

variations over time (t=0, 1 day 

and 7 days) in emulsions 

stabilized with soy lecithin 

(reference) and two fractions of 

algal polar lipids (PL-NBT 

Acetone, PL-NBT MeOH). 

Overlayed size distributions at 

t=0, 1 day and 7 days indicate 

stability. This analysis allows for 

an estimation of the hydrophilic-

lipophilic balance (HLB) of the 

polar lipid fraction.    

Algal polar lipids with different polarity  Reference emulsifier  

Polar lipids   


