Production of chitosan and whey protein isolate electrostatic complexes: influence of chitosan charge and size
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Biopolymeric electrostatic complexes have being used in different applications as immobilization of proteins and enzymes, flocculation of particles, as carrier of bioactives, storage and release of drugs. Their formation is driven by several physico-chemical parameters like ionic strength, the medium pH, concentration and charge density of the biopolymers. Chitosan is a cationic linear polysaccharide that may present different molar mass, deacetylation degree and size affecting its functionality. The aim of this work was to understand how the size and charge of chitosan affect its electrostatic complexation with whey protein isolate (WPI). Moreover the proportion between biopolymers was also evaluated. Oligomers were obtained by commercial chitosan (Sigma Aldrich) from papain hydrolysis (45 ºC/50 minutes). The size and charge density of the complexes were analyzed by Dynamic Light Scattering (DLS). A scanning of zeta potential of the different compounds as function of pH was performed in order to define the ideal pH for complex formation. Different proportions (from 1:10 to 10:1 (chitosan: WPI) or (oligomers:WPI)) were prepared from 0.1 %(w/v) stock solutions, followed by pH adjustment to 6.7 and mixture. FT-IR (4000  to 400 cm -1) analyses were carried out in order to evaluate the interactions between the biopolymers. The polymers presented the greatest charge difference at pH 6.7. FT-IR analysis showed a peak in 1521.1 cm -1 for WPI which was intensified in the presence of chitosan, probably due the interactions between the biopolymers. The most positive complex was formed at chitosan:WPI ratio of 2:8 (+19.53 ± 0.18 mV), the most negative in the ratio 0.5:9.5 (-13.48 ± 0.11 mV) and the neutral in the ratio 1.5:8.5 (+0.486 ± 0.05mV). Complexes formed with hydrolyzed chitosan showed the most positive and negative charge using the same ratios of the complexes formed with non-treated chitosan. However neutral complexes were formed at slight higher ratio 2.5:7.5. Complexes with surface charge close to neutrality showed higher size and polydispersity index. The higher amount of hydrolyzed chitosan required to neutralize WPI when compared to non-modified chitosan can be related to changes caused by the hydrolysis on polymer surface charge and size. During the hydrolysis papain acts on chitosan between the units of glucosamine and N-acetylglicosamine, resulting in a reduction in chitosan charge density (from +50.71 to +40.95 mV) and size (from 285.76 to 140.40 µm). Despite the smaller size of oligomers (that should facilitate polymer interactions), a higher amount of oligomers was necessary to neutralize WPI. This is explained by chitosan charge reduction due to the hydrolysis process. In addition, the final size of the complexes was influenced by the size of the biopolymer: for commercial chitosan the size ranged from 2.42 to 1.51 μm and for oligomers it ranged from 1.18 to 0.38 μm. Therefore complexes with smaller size and potential application on food products (as bioactive carrier) can be produced by chitosan hydrolysis.
