Acid hydrolysis of a broad range of food-grade gums as an analytical tool to measure the physicochemical properties
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The aim of this comprehensive study was to both compare the relative resistance to acid hydrolysis (0.5% HCl, pH 1.4) amongst the different food-grade gums at mild (37 oC) and more severe conditions (90 oC) for different lengths of time, and to then neutralize and recover acid-hydrolyzed gums for further analysis to characterize physicochemical properties. Gum samples that were used in this study included kappa (refined & semi-refined), iota (sodium & calcium) & lambda carrageenans, sodium & propylene glycol alginates, agar, methyl cellulose, carboxymethyl cellulose, guar gum, tara gum, locust bean gum, gum Tragacanth, konjac gum, xanthan gum and high acyl & low acyl gellan gum. Acid-digestion was performed in a Rapid Visco Analyzer (RVA) where viscosity could be monitored throughout duration of treatment while mixing at 30 rpm with 3% gum (0.9 g) added to 29.1 g of 0.5% HCl (or water for control). Gums were digested at either 2 or 6 hours at 37 oC to simulate stomach acid digestion conditions or at 90 oC for 5, 15, 30 & 60 minutes for more severe acid-hydrolysis. Samples were then neutralized with NaOH to original pH (pH 7-10) and dried at room temperature/reduced pressure and the produced films were ground to powder. Xanthan gum, and to a much lesser extent sodium alginate and carboxymethyl cellulose, retained viscosity during acid treatments even at 90 oC, while the konjac, gellans, Tragacanth and galactomannans, lost viscosity during acid treatment in RVA, but instantly recovered viscosity upon neutralization. Carrageenans & agar showed loss of viscosity during acid-hydrolysis with less recovery of viscosity after neutralization, while at 37 oC many gums retained high viscosity in acid solution although the trend was for decreasing viscosity over the 2 or 6 hour period. Recovered acid-treated powders were then re-dissolved in water, 0.1 M & 0.2 M NaCl and analyzed with size exclusion chromatography with right and low angle light scattering detectors and differential refractometer & viscometer detectors to characterize the molecular weight (MW), intrinsic viscosity [n], and radius of gyration (Rg) of all samples. With various degrees of acid hydrolysis, the Mark-Houwink-Sakurada parameters K and a could be determined for relating MW to [n]. By Plotting [n] against the inverse square root of ionic strength, it was possible to back extrapolate to infinite ionic strength to obtain information about the effect of charge on the various gums. From analyzing such a broad range of different behaving water-soluble polymers in both aqueous and salt environments, many trends could be observed among the Huggins1 and Mark-Houwink-Sakurada1 viscosity parameters and the physicochemical properties such as MW, [n], and Rg, and these will be presented. Additionally, it was possible to evaluate the shortcomings in the Ptitsyn-Eizner equation2 universally used in detector software to correct the Flory-Fox coefficient to allow a more accurate calculation of Rg from [n] and MW data using the Flory-Fox equation1,3. This will be addressed and a new model is proposed to calculate the Flory-Fox coefficient, which holds up with the gum samples tested in this study as well as many other polymer values from the literature (both hydrophilic & hydrophobic polymers).
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