Rheological effects of different interactions in kappa-carrageenan/locust bean gum/konjac glucomannan gels
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Addition of galacto- or glucomannans to κ-carrageenan (KC) gels is known to increase the Elastic modulus and fracture strains1. In this work we investigated the effects of locust bean gum (LBG) and konjac glucomannan (KGM) addition to κ-carrageenan, either separately or together. The observed overall stronger effect of KGM addition agreed with earlier reports2. 
Addition of either LBG or KGM to a fixed concentration of KC led to a strong increase in the Young’s modulus of the gel, and the Young’s modulus reached a plateau at LBG or KGM concentrations above the stoichiometric ratio. The stoichiometric ratio LBG:KC, 1:5.5, was higher than that of KGM:KC, 1:7. At the same concentration of KC, the Young’s modulus in the presence of excess KGM was higher than in the presence of excess LBG. It therefore seems that LBG forms more elastic with KC than does KGM, but the elastic bonds formed between KGM and the KC network are stronger. This agrees with three other findings. First, the critical KC concentration for gel formation in the presence of LBG is lower than in the presence of KGM. Second, the Young’s modulus dependence on KC concentration in the presence of excess KGM is stronger than in the presence of LBG. Third, addition of LBG to KC gels in the presence of excess KGM can further increase the Young’s modulus, even though the plateau Young’s modulus of KGM-saturated KC gels is much higher than that of LBG-saturated KC gels. 
While addition of either LBG or KGM to KC beyond their respective stoichiometric ratio did not change the Young’s modulus, it led to a strong increase of the fracture strain. Because at sufficient addition of either LBG or KGM, the gels do not fracture under very high compression (~100%), ring extension tests were employed for characterization. Addition of KGM led not only to a stronger increase of the Young’s modulus when compared to addition of LBG, but also to a stronger increase of the fracture strain at excess KGM. KGM is thus a more potent texture modifier for KC. Nevertheless, an advantage of three-component gels with all the three polysaccharides studied is that addition of LBG can increase the elastic modulus of gels KGM-saturated gels. 
The molecular picture we draw for both KC/LBG and KC/KGM gels is that of a partly-crystalline KC network, where LBG and KGM can bridge crystallites and form new elastic bonds, as suggested in the literature3. Because excess LBG or KGM cannot form new elastic bonds, we suggest that it can increase the fracture strain by forming dangling bonds, probably by association with other LBG or KGM chains. No new interactions arise in mixtures of all three polysaccharides, but LBG can still form new elastic bonds in KGM-saturated gels on strength of its ability to form more bonds with KC. 
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