Impact of Protein Denaturation and Solubility on Structuring and Gelation of Plant Proteins

E R Koester1,2, J H Seibt1,2, A M Wagemans1,2
1Chair of Food Engineering, Institute of Natural Material Technology, Technical University Dresden, Bergstr. 120, 01069 Dresden, Germany

2Department of Food Biosciences, Institute of Food Technology and Food Chemistry, Technical University Berlin, Straße des 17. Juni 135, 10623 Berlin, Germany
The structuring and gelation behaviour of plant proteins in food applications is influenced by factors such as solubility and molecular interactions, which are affected by protein structure and its degree of denaturation. We aimed to evaluate the role of these factors on structure formation in thermomechanical processing, heat-induced and enzymatic gelation.
Soy protein flours, with varying solubility profiles due to their different pre-treatments (toasted or untoasted), were subjected to thermomechanical processing by dry extrusion. Structural changes were monitored by Fourier-transform infrared (FTIR) spectroscopy. Soluble pea protein fractions were isolated to assess the aggregation behaviour of low processed versus high processed (commercial) fractions during thermal treatment. To investigate the effect of solubility on enzymatic gelation, a commercial pea protein isolate was separated into soluble and insoluble fractions, dialyzed, freeze-dried, and subsequently subjected to gelation tests to evaluate crosslinking potential.
After thermomechanical processing of soy protein, FTIR analysis revealed the appearance of an intermolecular β-sheet band when initially absent, suggesting that the degree of protein denaturation in the secondary structure had minimal influence on the structure formation within the extrusion process, as all samples formed comparable textures. For heat-induced gelation, low processed pea protein fractions formed temperature-dependent disulphide-bonded aggregates, while commercial products with pre-formed aggregates exhibited limited potential for further aggregation. Enzymatic gelation experiments revealed that fractionation enhanced crosslinking potential. Improved hydration from ion exchange and reduced incompatibility between soluble and insoluble fractions were proposed as mechanisms for better gel formation.

While the degree of denaturation played a minor role in structure formation, phase behaviour and tailored sample preparation significantly influence the functionality of plant proteins. Future work should focus on optimizing processing conditions and fractionation techniques to enhance gelation properties and broaden the application range of plant proteins in alternative food systems
