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Alginate-protein composite gels are versatile materials widely used in food technology and biomedicine. Particularly, in 3D-bioprinting mixtures of alginate and gelatin are heavily used as scaffolds for cultured meat and organ models. Animal-derived gelatin provides critical functionalities in alginate-based bioink systems, such as providing cell adhesion motifs and enhancing the printability as well as elasticity of the bioink. Replacing gelatin with a plant-based protein presents significant challenges due to fundamental differences in their molecular interactions and phase behaviour with alginate. Therefore, this study investigates how the adverse protein characteristics of gelatin and pea protein effect the gelation behaviour of alginate and aims to gain a deeper understanding of the structure formation in alginate-protein composite gels. 
To do so, the molecular interactions between alginate and protein (gelatin or pea protein) were analysed in dilute solutions at pH 7 using zeta potential, viscometry, and turbidity measurements. Subsequently, oscillatory rheology time sweeps were conducted to characterise the effect of the proteins on the alginate gelation in concentrated systems. Two gelation approaches were applied: a slow internal gelation method using Ca-EDTA and D-glucono-δ-lactone, and a fast gelation method using insoluble calcium sulphate and a static mixer.

In dilute solutions, alginate and gelatin exhibited attractive interactions mainly driven by electrostatic forces.1 In concentrated systems, the gelation of gelatin induced phase separation, accelerating alginate gelation compared to pure alginate gels. However, when gelatin remained ungelled (40 °C), it delayed the alginate gelation.2 Conversely, alginate-pea protein mixtures exhibited electrostatic repulsion at pH 7, causing phase separation in dilute systems. The high viscosity in concentrated systems, prevented macroscopic phase separation, but the pea protein significantly delayed alginate gelation, similar to ungelled gelatin. Both proteins demonstrated antagonistic effects on the gel strength, with pea protein causing a more pronounced reduction. This might be attributed to the reduced ability of pea protein to contribute to the gel by forming a gel network itself, unlike gelled gelatin.
These findings highlight the challenges of substituting gelatin with plant-based proteins in alginate-based bioinks for 3D-bioprinting. To overcome the adverse effects of pea protein, higher alginate contents might be necessary, potentially comprising cell viability due to increased shear stress within the printing nozzle. Future studies should therefore investigate the impact of high viscosities, the behaviour of the bioinks under shear as well as the gel recovery to optimise plant-based alginate-protein bioinks for 3D-bioprinting applications. 
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