Rheological And Polymer Molecular Structure-Function Relationships In Gluten In Relation To Breadmaking Quality.
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Gluten proteins are known to be responsible for the viscoelastic properties of hydrated wheat flour doughs, and are of considerable importance in determining bread making quality. The rheological properties of gluten are known to be important in the entrainment and retention of gas bubbles in dough, and also for the stability of the expanding gas bubbles during fermentation and baking which are responsible for the texture and increased volume of bread.
Rheological and spectroscopic measurements on doughs and glutens have been developed in order to provide polymer structure-function relationships and prediction of wheat baking quality. The stability of expanding bubbles in doughs during baking is related to transient large deformation extensional rheology. Bubble wall stability is related directly to extensional strain hardening, both experimentally and theoretically via the Considere criterion for instability in extension of polymers. This predicts that when strain hardening falls below a value of 1, bubble walls are no longer stable and coalesce rapidly, leading to loss in gas retention and lower final baking volume and texture. Strain hardening in doughs has been shown to reach this value at increasingly higher temperatures for better breadmaking varieties, and is directly related to bubble stability and baking performance.
Polymer molecular modelling has enabled prediction of the effects of changes in gluten polymer secondary structure on rheological behaviour. Interactions between polymer chain entanglements and branching are seen to be the key mechanisms determining the rheology of HMW polymers. A small increase in chain branching is predicted to give a large increase in strain hardening and bubble stability.  FTIR studies of the secondary polymer structure of glutens have shown that, in the hydrated state, gluten polymers form intermolecular -sheet conformation, the proportion of which increases with increasing MW, and also with increasing elongation. This indicates increasing interaction between gluten polymers during extension, possibly via entanglement of branches and increased hydrogen bonding as the polymers align under large strains. 
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