Structural basis and process requirements for corn-based products crispness

L. Chaunier, H. Chanvrier, G. Della Valle and D. Lourdin

Unité Biopolymères, Interactions et Assemblage (BIA). Institut National de la Recherche Agronomique (INRA). BP 71627. 44316 Nantes Cedex 03 – France

Email : chaunier@nantes.inra.fr

Crispness is the main textural sensory attribute of breakfast cereals. In the case of cornflakes, texture assessment is essential since harvest irregularities may influence greatly processability and final product quality. The aim of this work is to better understand the links between materials structure, mechanical properties and products final texture in this particular case.

Therefore, a coupled mechanical and acoustic system based on a Kramer shearing cell has been first validated by comparison of physical measurements with results obtained by a trained sensory analysis panel, for 13 trade marks cornflakes
. Crispiest samples displayed a lower mechanical bulk resistance to crushing, emitted high amplitude sounds over a large spectrum. They led to a larger density decrease during compression ,and a lower mechanical energy input.

Experimental procedures were optimized at the laboratory-scale in order to produce samples by thermomechanical treatments representative of main industrial processes. Corn flours and hominies from different corn varieties were processed by extrusion or batch steam cooking after mixing with water, glucose, malt and salt. Dense ribbons were extruded to reproduce the constitutive material (cell walls) of the flakes. The textural properties of lab-processed flakes were found in the same range as trade mark ones (maximum force from 1 to 5 kN), thus validating the whole procedure and allowing to classify different varieties according to flake crispness.  The same ranking of corn varieties was observed for both processes. 

The cellular structure of flakes was determined by X-ray tomography. The bubbles size distribution depended mostly on the process rather than on corn variety.  The mechanical properties of dense extruded ribbons were measured by the resistance to failure on three point bending test. Values of flexural modulii were in the range [0.5, 2.1 GPa] and were correlated to the flake texture. Most brittle materials were shown to be the most promising for manufacturing flakes with desired texture. The morphology of these constitutive materials, studied by CSLM, was characterized by protein aggregation and native remnants dispersed in a continuous amorphous starch phase. It could be compared to the morphology of thermomoulded starch/zein blends2, used as model substrates for processed corn flour materials.  

The fragility of corn flour products can thus be interpreted using a model of matrix / particle material, which suggests the importance of adhesion phenomena between starch and zein. These results draw the possibility of successfully testing a corn variety at manufacturing plant scale.
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