The impact of pH-induced electrostatic interactions on the properties of lysozyme amyloid fibrils-WPI composite gel
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Nanofibers, when embedded in a gel, function similarly to fillers in composites. The overall viscoelastic properties of a composite gel are determined by the interplay between the individual characteristics of the filler and the continuous gel matrix, including their rheological features and ratio, as well as potential interactions between them. Reactive fillers can enhance the rheological attributes of a composite gel by binding and attaching to the gel matrix. This study aims to investigate the impact of lysozyme amyloid fibrils (LZ-AF) at concentrations up to 1% w/w on the rheological properties of a 12% w/w whey protein isolate (WPI) gel at pH 2 and 7. WPI and LZ-AF were chosen due to their ability to form electrostatic assemblies at neutral pH, as they are oppositely charged. Spectrophotometric and dynamic light scattering techniques were used to study the interactions between WPI and LZ-AF in dilute solutions at various pH values. The rheological, microstructural, and functional properties of WPI gels embedded with LZ-AF at acidic and neutral pH were investigated and compared.

The average contour length of LZ-AF was determined to be 4937 ± 230 nm. At pH 7, WPI and LZ-AF were negatively and positively charged, respectively, while the mixed proteins had a net positive charge at pH 2. The addition of 1% LZ-AF resulted in a 2.3-fold increase in the elastic modulus of the WPI gel at pH 2 and a 68.2-fold increase at pH 7. This indicates that the reinforcement effect of LZ-AF on the strength of the WPI gel was more significant at neutral pH than at acidic pH, reflecting the pH-dependency of the bond strength between LZ-AF and WPI. The value of tan δ was independent of LZ-AF concentration at pH 2, while in neutral conditions, it was strongly affected, reaching a minimum (0.0968 ± 0.0006) in the presence of 0.5% w/w LZ-AF. The lower value of tan δ at pH 7 compared to pH 2 indicates higher structural stability with long-lasting intermolecular bonds. All of the acidic composite gels had a transparent appearance with a fine-stranded microstructure, as evidenced by the CLSM images. However, the neutral composite gels became increasingly turbid with the increase in LZ-AF concentration. Furthermore, the CLSM images revealed the presence of random and particulate protein aggregates with a significantly larger diameter than that of individual WPI proteins in the neutral composite gels. The acidic LZ-AF-containing hydrogels exhibited a high water holding capacity (WHC), while the composite hydrogels prepared at pH 7 had a coarse and porous microstructure that allowed for oil adsorption. Overall, the incorporation of LZ-AF significantly modified the rheological, microstructural, and functional properties of WPI gels at both pH 2 and 7. However, the mechanism of action for LZ-AF differed depending on the pH, with the formation of LZ-AF and WPI heteroprotein electrostatic complex at neutral pH compared to a repulsive protein mixture at acidic pH.
