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Brown seaweed is rich in bioactive compounds such as alginate, fucoidan, laminarin, polyphenols, and pigments, which
exhibit antitumor, antiviral, and antioxidant properties [1]. As such, it is a promising resource for these compounds
since it does not require land or fertilizer to grow [2]. The focus of this study is to optimize the extraction of these
compounds via microwave and ultrasound combined with a novel biphasic liquid matrix. Ascophylum nodosum (a
brown seaweed species) is chosen because of its high polysaccharide content (approximately 50% wt.). Especially the
sulfonated polysaccharide fucoidan is more prevalent in this species than in other species.

A cascade extraction process has been developed for the selective extraction of multiple components. The first step
involves a novel biphasic system combined with ultrasound or microwave treatment. This biphasic system uses MIBK
(an organic solvent immiscible in water) and an aqueous citric acid solution. Polyphenols, pigments, and fatty acids are
extracted in the organic phase, while fucoidan dissolves in the aqueous phase. Alginate remains in the solid phase. To
extract alginate, the solid phase is added to a bicarbonate solution to produce soluble sodium alginate. This solution is
then mixed with ethanol to precipitate crude alginate. Similarly, ethanol is added to the aqueous phase to precipitate
fucoidan. At the end of the cascade process, the following products are obtained: pigments, polyphenols, and fatty
acids dissolved in the organic phase; crude dry fucoidan; and crude dry alginate. Further separation of the pigments,
polyphenols, and fatty acids in the organic phase is possible with liquid-liquid separation; however, this is not the focus
of this study.

By combining the biphasic extraction matrix with ultrasound and microwave, the extraction yield and selectivity are
greater than those of traditional extraction methods (heating and stirring), and the number of steps necessary is lower
than that of traditional methods, in which pretreatment with organic solvents is necessary to remove polyphenols and
pigments, which are usually discarded [3, 4].

The experimental design used was a Box-Behnken design in which three factors were studied: temperature, time, and
the concentration of citric acid in the aqueous solutions at three levels. The responses studied were the yield of crude
alginate and fucoidan, the content of polyphenols in the organic phase (as gallic acid and phloroglucinol equivalents),
and the content of fucoxanthin (brown seaweed pigment) in the organic phase. Other responses measured were the
nitrogen content in all the products obtained and the heavy metal content in the aqueous solution (to elucidate if heavy
metals are dissolved in the aqueous solution after extraction). Two sets of experiments were performed, one using
microwave-assisted extraction and the other using ultrasound-assisted extraction, allowing for the comparison between
advanced extraction techniques and for the study of how the chosen factors affect the responses under the different
advanced extraction techniques. Furthermore, conventional extraction was also studied using the optimal points
derived from the optimization experiments to quantify the improvement in yield and selectivity when advanced
extraction techniques were used.
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