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Abstract

The objective of this study was to investigate the effect of wheat bran concentrations on the mechanical properties
determining the texture of extruded carbohydrate matrices. For this wheat flour was extruded under different
conditions with an increasing concentration of wheat bran. The mechanical properties were assessed using a three-
point bending test and the cellular structure was determined by micro-computed X-ray tomography. Regardless of the
bran concentration, the stress at rupture of the extruded foams was positively correlated with their relative density
according to the Gibson-Ashby model. At same relative densities and bran concentration, finer structures with higher
density of small cells led to a higher mechanical strength of the foams. Expanded foams with added bran at an
intermediate level showed increased mechanical strength. This was attributed to the finer cellular structures obtained.
The effect of increasing the bran to a higher concentration on the mechanical properties was depending on the cell
wall thickness and bran particle dimensions.
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1. Introduction

The effect of dietary fibers on the mechanical properties of extruded foams was reported in a limited
number of studies. The effect was found to be fiber type- and concentration-dependant. While soluble
fibers, such as pectin, appeared to decrease the breaking force, insoluble fibers such as wheat fibers had an
opposite effect [1, 2]. The higher force necessary to rupture extruded starchy-matrices containing wheat
fibers was associated to their reduced bulk expansion [1, 2]. The mechanical properties of solid foams are
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mainly driven by their bulk dimensions, porosity and shape. Nevertheless, at similar bulk properties (i.e.
shape, dimensions and porosity), the mechanical properties may also be modulated by the distribution of
the continuous (cell walls) and dispersed (air) phases [3, 4]. Changing the microstructure of extruded
foams may allow improving their texture while maintaining similar bulk properties such as dimensions
and density. Little has been reported in the literature on the effect of wheat bran on the mechanical
properties of extruded foams and the correlation to the cellular and cell wall material properties of such
matrices. Understanding this link will enable to generate structures that are delivering an optimal texture
for wheat bran-containing products. For this, in this study the relationship between the expansion
properties, cellular structure and mechanical properties of extruded foams supplemented with wheat bran
was assessed. This was performed by measuring the mechanical properties using a three-point bending
test, determining the bulk dimensions, assessing the cellular structure by X-ray tomography and
investigating the phases distribution in the cell walls by light microscopy.

Nomenclature

c Stress at rupture

p Density

* Extrudate

D Relative density

D, Die diameter

F Breaking force

L Sample length

L, Die length

LB Low bran concentration

MCS  Mean cell size

MCWT Mean cell wall thickness
MC Moisture content

HB High bran concentration
Te Sample radius

RF Refined flour

S Material

2. Material and Methods
2.1 Materials

Wheat flour type 550 and wheat bran were obtained from Provimi Kliba S.A. (Cossonay, Switzerland).
Wheat bran (51.4 % fibers) was added to refined wheat flour (coded RF) (2.8 % fibers) to achieve two
fiber levels: 12.6 % (coded LB for low bran concentration) and 24.4 % (coded HB for high bran
concentration) (quantified using the AOAC 985.29 method). Two qualities of wheat bran were used: a
“fine” (Table 1) bran with an average volume weighted diameter of 224 um + 6 um and a “coarse” (Table
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