Acid gelation of enzymatically cross-linked caseins: From molecular level to network formation
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Enzymatic cross-linking of proteins by microbial transglutaminase (mTGase), aiming at modifying physical properties of foods, has been widely studied. With regard to dairy products, and despite the many contributions describing the respective effects on an empirical basis, the mechanisms by which casein cross-linking affects structure formation is still barely understood.

The poster provides a concise, graphical overview of the major findings of a recent research project that aimed to elucidate structure-function-relationships of cross-linked casein by molecular characterisation in combination with rheological studies of acid-induced gels. We used solutions of non-micellar casein as model substrates, in particular sodium caseinate, acid casein in 0.1 mol/L phosphate buffer, and calcium caseinate, that were treated with 3 units mTGase per g casein for different incubation times of up to 24 h.

Asymmetric flow field flow fractionation1 under native conditions confirmed the self-association of casein to small particles (Rh ~13 nm) and the preferred cross-linking between molecules within the same particle.2 Size exclusion chromatography under denaturing and reducing conditions revealed a maximum in polymer size that was reached after incubation for approx. 3 h although cross-links were still formed during further treatment.3,4 This maximum polymer size was not a function of incubation temperature3 but of the ionic milieu,4 indicating that casein association is affected by the presence of ions. Stiffness of acid-induced gels increased with proceeding cross-linking. However, at higher ionic strengths, a maximum was reached after incubation times of approx. 3 h.4 For samples moderately cross-linked by incubation for 3 – 5 h, stiffness of casein gels was similar when the same amount of cross-links was adjusted by mixing the samples with an uncross-linked reference, underlining the contribution of cross-links to gel stiffness formation.5
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