Application of the Coupling Model to the Relaxation Dynamics of Polysaccharide / co-Solute Systems
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Recently, an increasing number of communications deals with the properties of hydrocolloid / co-solute systems undergoing a rubber-to-glass transition owing to the increased use of these materials in confectionary applications (e.g., gelatin replacement). The prevalent analytical framework traditionally employed to follow the transition from the rubbery to glass-like consistency in biomaterials is that of the free volume theory in conjunction with the Williams-Landel-Ferry (WLF) equation.1 Increasingly, however, the combined WLF / free volume approach is challenged by the coupling model, which is able to provide additional insights into the physics of intermolecular interactions in synthetic polymers at the vicinity of the glass transition temperature (Tg).2 The model in the form of the Kohlrausch-Williams-Watts (KWW) function was found to follow well the spectral shape of the local segment motions of gelatin / co-solute systems around Tg.3 
The aim of this study is to explore the applicability of the coupling model in following the vitrification of industrially important polysaccharides in the presence of sugar as the co-solute. Thus, the onset of softening in the glass transition region of agarose, deacylated gellan and κ-carrageenan with sugar at 80% total solids was examined using the stress relaxation modulus and dynamic oscillatory data on shear. Measurements were made between 20°C to -50°C, and isothermal stress relaxation runs were reduced to a master curve covering 14 orders of magnitude in the time domain. The sharpness with which the mechanical properties of our systems changed with temperature was reflected in the shift factor aT used to pinpoint Tg. The coupling model in the form of KWW function described well the spectral shape of polysaccharides / co-solute systems around Tg. The analysis provides the intermolecular interaction constant and apparent relaxation time, parameters which depend on the detailed chemical moieties of the polysaccharides and, as such, constitute data that are not forthcoming from the free volume theory.
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