Rheological properties of Plantago ovata L. psyllium as a function of concentration, temperature and pH
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Plantago ovata L.  seeds are covered by a polysaccharide rich layer known as  psyllium, which is able to thicken aqueous solutions well even at low concentrations. In this study, rheological properties of aqueous solutions of the mucilage isolated from Plantago ovata L. was evaluated using a rotational viscometer as a function of gum concentration (0.1, 0.2, 0.4 and 0.6 % w/w), temperature (5, 15, 25, 40, 50 and 60 ˚C) and pH (2.5, 4, 7 and 10). Samples were subjected to a programmed shear rate increasing linearly from 1.92 to 229.4 s-1 in 80 steps. Surface response methodology was used in order to quantify and estimate any nonlinearity in the relationships between the parameters under study. In general, the power law model well fitted all of the experimental results with high correlation coefficients, r2. The Arrehnius equation was used to describe the temperature effect and calculate the activation energy. The gum exhibited non-Newtonian, shear thinning behavior at all temperatures, concentrations and pH's. An increase in gum concentration was accompanied with an increase in shear thinning (i.e. decrease in flow behavior index of n), and increase in consistency index, k. Increasing temperature resulted in viscosity decrease and increase of flow behavior index.  At 40 ˚C an exceptional rheological behavior was observed for the solutions. A marked dependence of viscosity on pH was also observed, as pH increased from acidic to alkaline, the viscosity increased. Intrinsic viscosity of the hydrocolloid was also calculated using u-tube viscometry. Electron microscopy of freeze dried solutions of psyllium was performed to compare its behavior under different conditions. 
Comparison of psyllium solutions with other hydrocolloids at 0.4 % (w/w) concentration and 25 ˚C indicated that the viscosity of psyllium solutions was similar to carboxymethyl cellulose, sodium-alginate and tragacanth gum. 
