Salts of seaweed polysaccharides: physico-chemical properties and structural stability
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Many gel-forming or viscous seaweed galactans are used extensively in industry as thickeners and gelling agents. The structure and rheological properties of these polysaccharides depend mainly on the species, environment and life history stage of the alga, but also on the isolation and chemical modification procedures. For carrageenans, certain cations (typically K+ for kappa carrageenan and furcellaran, Ca2+ for iota carrageenan) are found to induce conformational changes in the polymer with the initial coil-to-helix transition, which may be followed by subsequent aggregation of these helices to form a gel1-2. Thus the mineral part composition of the polymer preparation can significantly affect the gelation behaviour of these polysaccharides. As a rule, the commercially available carrageenan samples are characterized by a diverse mineral part composition that varies significantly between preparations of different origins and shows some enrichment towards one or two metal-ions.
In this work pure cationic forms of iota, kappa and lambda type carrageenans, furcellaran and funoran were prepared by introducing various alkali- and alkaline earth metal ions into the polysaccharide matrices with the aid of ion exchange resins and neutralization techniques. The effect of ionic species on the gelation behaviour, rheological properties and structural stability of the galactans were observed.

It was noted that even a small addition of other ionic species into the pure cationic carrageenan preparations leads to sharp changes in rheological properties of the galactan gels. Among the studied polysaccharide preparations, kappa carrageenan containing both Rb+ and Ba2+-ions was found to form stronger gels than is typically observed for high quality agaroses. Metal ions were also found to have a great impact on the stability of algal galactans – lack of mineral part increases instability of these polysaccharides during freeze-drying process, at higher temperatures and in time. Additionally, stability of the polymer samples was found to be determined by the species of the metal ion. Avoiding the degradation of carrageenans is of particular importance, whereas degraded carrageenans with Mw below 50 kDa have been associated with negative health effects3. Knowledge about the influences of specific metal ions on galactan properties enables to tailor the rheology and stability of these polysaccharides.
References:

1 Paoletti, S., Delben, F., Cesaro, A., Grasdalen H. (1985). Conformational transition of κ-carrageenan in aqueous solution. Macromolecules, 18, 1834–1841.
2 Rochas, C., Rinaudo, M. (1984). Mechanism of gel formation in κ-carrageenan. Biopolymers, 23, 735–745.
3 Spichtig, V., Austin, S. (2008). Determination of the low molecular weight fraction of food-grade carrageenans. Journal of Chromatography B, 861, 81–87.
