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Ca2+-induced gelation of -carrageenan
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Ca2+-induced gelation of -carrageenan has been explored using differential scanning calorimetry (DSC) to monitor double-helix formation on cooling and loss of helix structure 
on heating, low-amplitude oscillatory measurements of G' and G" to follow the associated gelation and melting processes, compression testing to characterise the strength (Young's modulus, E) of the fully-formed gels and turbidity measurements to provide an index of 
helix–helix aggregation. The -carrageenan used was in the Na+ salt form, rather than the normal commercial K+ form, to avoid complications from site-binding of K+ cations to the double helix.

Onset of gelation on cooling and loss of gel structure on heating moved to progressively higher temperatures on progressive addition of CaCl2, with substantial (~20°C) thermal hysteresis between the sol–gel and gel–sol transitions. Setting and melting temperatures agreed well with peak-maximum temperatures for the underlying disorder–order and 
order–disorder transitions from DSC. Comparative DSC studies using KCl to induce 
gelation showed less hysteresis, suggesting that Ca2+ cations are more effective than K+ in promoting aggregation of -carrageenan double helices. Increase in turbidity with increasing concentration of added salt was much greater for Ca2+ than for K+, again suggesting greater aggregation. Progressive incorporation of KCl gave a smooth, progressive increase in gel strength up to the highest K+ concentration at which solutions could be prepared (500 mM). For Ca2+-induced gels, by contrast, the moduli (G' and E) reached maximum values at around stoichiometric equivalence of Ca2+ cations to sulfate groups of the carrageenan, 
and then decreased steeply at higher concentrations of added CaCl2. We propose that K+ promotes helix–helix association by attaching to the surface of individual helices and suppressing electrostatic repulsion between them, but that Ca2+ binds directly between 
the helices, and we attribute the steep decrease in moduli at Ca2+ concentrations above stoichiometric equivalence to excessive aggregation (incipient precipitation), causing partial collapse of network structure. 

Gels incorporating about 1/3 stoichiometric CaCl2 showed little change in modulus (E) 
on progressive addition of KCl (up to ~0.3 M), which we attribute to interplay between displacement1 of site-bound Ca2+ and replacement by K+-mediated junctions. We suggest that incorporation of a small amount of CaCl2 (~5 % of dry weight) in commercial K+ 
-carrageenan could allow gelation and melting temperatures to be manipulated by varying KCl concentration, without any significant change in gel strength.
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