Calcium binding and calcium-induced gelation of sodium alginate modified by the addition of low-molecular weight alginate- and pectin-derivatives
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Effects of low-molecular weight alginate- and pectin-derivatives (low-molecular weight polyuronate derivatives) were investigated on the calcium binding and calcium-induced gelation of sodium alginate (ALG) with higher molecurer weight. Low-molecular weight alginate derivatives of two different guluronate contents (Gc) were prepared using acid hydrolysis and subsequent fractionation by changing pH. Low-molecular weight pectin derivatives of two different degrees of methylation (DM) were prepared by two-step enzymatic treatment for hydrolysis and subsequent de-esterification.
For the mixture of ALG and each low-molecular weight polyuronate sample, change in the relative viscosity of dilute solutions upon addition of calcium was measured using an Ubbelohde type capillary viscometer at 25 °C. Either alginate derivative with low Gc (mannuronate rich type; LMw-MAL) or pectin derivative with high DM (LMw-HMP) did not alter significantly the calcium binding behaviour of ALG. On the other hand, alginate derivative with high Gc (guluronate rich type; LMw-GUL) and pectin derivative with low DM (LMw-LMP) altered it greatly although the effects were opposite each other. A larger amount of calcium was required for rapid increase in the relative viscosity, which can be associated with the initiation of the egg-box dimer formation, in the case of LMw-GUL, whereas a smaller amount of calcium was required in the case of LMw-LMP.
Rheological properties of gelled system were investigated using a strain-controlled rheometer with parallel plate geometry at 20 °C. Gels from the mixture of ALG and each LMw polyuronate sample in the presence of calcium carbonate and glucono--lactone were tested. Effects on the rheological properties of ALG gels were also different between LMw-GUL and LMw-LMP. LMw-GUL decreased dynamic storage modulus G' with increased yield strain with increasing addition level, whereas LMw-LMP decreased G' without changing the yield strain with increasing addition level.  These rheological changes can be explained by competitive formation of the egg-box dimers between ALG and low-molecular weight polyuronate sample and also by the structural difference between low-molecular weight polyuronates.
Results obtained should contribute to the best use of low-molecular weight polyuronate sample as a novel texture modifier in alginate system.
