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For centuries, marine seaweed has been a vital food source, valued for its abundant bioactive compounds that exhibit antitumor, 
antiviral and antioxidant properties [1]. Seaweeds stand out as a sustainable resource for these compounds, thriving without the 
need for land or fertilizer and outperforming terrestrial plants in productivity [2].This study focused on brown seaweed, particularly 
the species Ascophylum nodosum. This species was chosen due to its high polysaccharide content (approximately 50 wt%), 
especially the sulfonated polysaccharide fucoidan, which is more prevalent in this species compared to others. Three extraction 
techniques, i.e., ultrasound-assisted (US), microwave-assisted (MW) and conventional (CV) techniques, are evaluated in this study 
for their efficiency in cell wall disruption and the yield of desired components (i.e., alginate, fucoidan, laminarin, polyphenols and 
proteins). 
 
Traditionally, research in this field has focused on extracting single compounds, predominantly alginate. However, this study 
introduces a novel cascaded extraction process designed to selectively extract and separate multiple products, including 
polysaccharides (alginate, fucoidan and laminarin), proteins and polyphenols. To recover polysaccharides, food-grade chemicals 
are employed, such as ethanol, sodium bicarbonate and citric acid, avoiding the use of harsher, toxic substances such as HCl and 
formaldehyde. This approach opens the door for potential applications in food and feed products. 
 
A novel biphasic system is evaluated in this study, combining ethyl acetate and an aqueous citric acid solution. This system works 
in combination with the extraction techniques previously mentioned (i.e., US, MW, and CV), which enables the simultaneous 
solubilization and separation of polyphenols and pigments into the organic phase, while retaining the polysaccharides and proteins 
in the aqueous and solid phases for further separation. This innovative approach reduces the number of steps involved in the 
extraction process. Traditionally, a pretreatment step using organic solvents is necessary to remove polyphenols and pigments, 
which are then discarded [3]–[5]. 
 
The process involves centrifugation to separate the solid and liquid phases and decantation to separate the organic and aqueous 
phases. As a result, the initial extraction step yields three distinct phases: organic, aqueous and solid. Following this, sodium 
bicarbonate is added to the solid phase to derive (soluble) sodium alginate. in the final step, ethanol is introduced to the aqueous 
phase and the sodium alginate solution to precipitate the individual polysaccharides. 
 
Results indicate that the use of microwave and ultrasound assisted extraction increase the yield of alginate by 37.72% and 47.70% 
respectively when compared to conventional extraction. It was observed that after the initial extraction step instead of three 
phases: organic, aqueous, and solid; a fourth gel-like phase appeared. This gel-like phase contained a higher nitrogen content than 
all other products, indicating a high concentration of proteins in this phase. 
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