Effect of ionic strength on enzymatic polymerisation and acid-induced gelation of caseinate
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Enzymatic protein cross-linking has a great potential in food design to modify product characteristics, and especially cross-linked caseinate may serve as a functional ingredient. However, little is known about the effects of pH, temperature or ionic strength (I) on casein cross-linking. In this study, we investigated the impact of ions in sodium caseinate solutions on casein polymer formation by microbial transglutaminase (mTGase) and the rheological properties of acid gels made thereof. For that, acid casein was either dispersed in water and dissolved by neutralising (pH 6.8) with NaOH (I1~0.015 mol/L) or directly dissolved in a 0.1 mol/L phosphate buffer at the same pH (I2~0.16 mol/L). The solutions (27 g/kg casein) were cross-linked with 3 U mTGase per g casein at 40 °C for 0, 1, 3, 8, or 24 h, and gelation experiments were carried out using glucono-δ-lactone as acidulant.
The number of cross-links (ε-γ-glutamyl-lysine isopeptide content) determined by amino acid analysis was almost similar after casein cross-linking at both ionic strengths, but size exclusion chromatography revealed that consistently larger polymers were formed in phosphate buffer. It has been reported that casein molecules aggregate non-covalently in solution as a result of hydrophobic attractions, and that the presence of ions leads to a higher number of monomers per aggregate because of charge screening1. It is our hypothesis that cross-linking by mTGase occurs mainly between casein molecules within the same aggregate2. A higher monomer number per aggregate would thus result in larger polymers after excessive cross-linking with mTGase in phosphate buffer.

As already reported3, gels from casein cross-linked in phosphate buffer exhibited highest  stiffness after incubation for 3 h whereas, in this study, gel stiffness increased progressively for casein  cross-linked at I1 for up to 24 h at similar although acidification kinetics. Addition of 0.1 mol/L NaCl to casein after cross-linking at I1 shifted highest gel stiffness to the 3 h incubated sample. This indicates that functional properties of cross-linked caseinates are very sensitive against ionic strength, and this knowledge is crucial for their application as ingredients in products where salt content may vary. Therefore, investigation of the application potential of cross-linked casein for dry matter enrichment of acidified dairy products is currently under progress.
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