Rheological properties of gum arabic solution
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       Gum arabic, a.k.a. acacia gum, is a complex arabinogalactan-type polysaccharide which is obtained as sticky exudates from the stems and branches of Acacia trees. It has been widely used for its nutritional and surface properties in food, pharmaceutics, cosmetics or inks, etc., involving emulsification, microencapsulation or complex coacervation. The component with ‘wattle blossom-type’ structure of arabinogalactan protein (AGP, ~10% of total mass) is believed to be responsible for the unique emulsifying characteristic of gum arabic.1 Gum arabic solution is generally regarded as a Newtonian liquid. However, recent researches on the rheological properties of gum arabic in water have shown that it is not simply Newtonian. In this work, we intended to give a thorough rheological investigation of gum arabic solutions with emphasis on its non-Newtonian behavior of shear thinning and thixotropy. The rheological properties of gum arabic solution were also interpreted based on molecular association in the solution.

      It was found that though Newtonian behavior is observed across a wide range of concentrations and at high shear rates, gum arabic solutions showed a pronounced shear thinning in low shear rate ranges2. The shear thinning reflected the presence of equilibrium association of gum arabic molecules. AGP can form micelles in water, which might be the main resource of molecular association in gum arabic solution. Thixotropic behavior was also observed in gum arabic solution3. The effects of AGP micelles on rheological behavior of gum arabic solution were investigated by transient shear stress. The AGP micelles were resumable with given sufficient rest time. Stress jump experiments were able to distinguish the effects of molecular association on the hydrodynamic (viscous) and structural (elastic) contributions to the total stress. At low shear rates, the stress was dominated by the elastic contribution and the apparent stress was elastic-like, reflecting the existence of a larger number of molecular associations in the solution. When the shear rate was higher than 10 s-1, only the viscous contribution was dominant with complete breakdown of molecular association. The occurrence of AGP micelles endowed the gum arabic solution with non-Newtonian behaviour of shear thinning and thixotropy. This fact was evidenced by using single-walled carbon nanotubes (SWNT) to trap AGP. The non-Newtonian behavior of gum arabic solution vanished when AGP was removed from the solution.
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