Understanding generic water holding mechanisms – a comparison of protein sources 
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The exploration of microstructures of protein based gels is essential for understanding (oral) breakdown properties or macroscopic functionalities such as water holding capacity in order to relate these to sensory properties. During oral processing, energy is applied which can either be stored (recoverable energy) or dissipated via a number of mechanisms of which viscous flow of the entrapped serum phase is suggested to be a very relevant one. The mobility of water within a protein continuous network or even the exudation from the specimen is relevant for release of tastants and oral lubrication properties and thereby for sensory perception.

Water holding (WH) was found to have its origin at different length scales in protein gels, ranging from nm to m to macroscopic scale. Pore sizes below 0.1-0.2m are the limiting scale under which (almost) no water flows out of the gel when deformation is applied. In addition, morphology and gel stiffness (Young’s modulus) affect the amount of water that can be removed from a protein network. For soy proteins clear relationships were established between gel stiffness, recoverable energy (RE) and WH. An increase in gel stiffness resulted in lower WH and lower RE. To follow up, the aim of this study was to determine whether these relationships between recoverable energy and Young’s modulus with WH of protein gels are protein specific. Therefore, a range of self-supporting protein gels was created varying in protein source (whey, soy, egg white, pea, plasma),  in microstructure (by varying the ionic strength) and in stiffness, and analysed accordingly with microstructural imaging, electron microscopy, water holding and dynamic mechanical deformation studies. Whereas a clear relation between stiffness and water holding was found only for soy proteins, a correlation between WH and RE appeared generic for gels obtained from globular proteins. Water holding is determined by the interplay between morphology and gel stiffness. The ability of the network to hold or locally immobilize water sets a criterion for the recoverable energy of the material. Protein gels with higher WH were shown to immobilize water already at aggregate level (nm). 

These findings illustrate that in food product engineering and processing a focus on the serum phase is most essential to control texture responses.
