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Arabinoxylan Gels: Impact of the Feruloylation Degree on Their
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Nantes Cedex 3, France
Received June 29, 2004; Revised Manuscript Received September 27, 2004

Arabinoxylan (AX) samples of decreasing ferulic acid (FA) contents were chemically prepared from waterextractable wheat arabinoxylans without affecting their other structural properties. Gels were obtained from
these partially feruloylated WEAX (PF-WEAX) by enzymatic covalent cross-linking of FA leading to the
formation of diferulic (di-FA) and tri-ferulic acid (tri-FA). WEAX gelling ability was found related to the
WEAX FA content whereas the gel structure and properties depended on the density of newly formed
covalent cross-links. FA content of WEAX ranging from 1.4 to 2.3 µg/mg AX gave gels with di-FA crosslinks contents from 0.20 to 0.43 µg/mg AX and G′ values from 5 to 44 Pa. For WEAX gels with initial FA
contents from 1.6 to 2.3 µg/mg AX, average mesh size ranging from 331 to 263 nm were calculated from
swelling experiments. Cross-linking densities of gels, determined from swelling experiments, were higher
than those that could be theoretically estimated from the di-FA and tri-FA content of WEAX gels. This
result suggests that, in addition to di-FA and tri-FA, higher ferulate cross-linking and physical entanglements
would contribute to the final WEAX gel structure.
Introduction
Polysaccharide properties such as solubility, viscosity, and
gelling capacity are closely related to their chemical structure,
conformation, and molecular interaction. The close structureproperties relationship has increased the interest to design
polysaccharides in order to develop and/or improve their
functional properties.1 Arabinoxylans (AX), the main nonstarchy polysaccharides of cereal grains,2 are constituted of
a linear backbone of β-(1f4)-linked D-xylopyranosyl units
to which R-L-arabinofuranosyl substituents are attached
through O-2 and/or O-3.3 Some of the arabinose residues
are ester linked on (O)-5 to ferulic acid (FA) (3-methoxy, 4
hydroxy cinnamic acid)4 (Scheme 1a). Arabinoxylans from
endosperm are partly water-extractable (WEAX). Once water
extracted they form highly viscous solutions5 with gelling
capacity by covalent cross-linking of AX chains through
dimerization of ferulic acid substituents under oxidative
conditions (e.g., use of enzymatic free radical generating
agents as laccase and peroxidase-H2O2)6-9 (Scheme 1b). Five
main dimers of ferulic acid (di-FA) (5-5′, 8-5′ benzo, 8-O4′, 8-5′, and 8-8′ forms) have been identified in gelled AX,
the 8-5′ and 8-O-4′ forms being always preponderant10-12
(Scheme 1b). The presence of a trimer of ferulic acid (triFA) (4-O-8′, 5′-5′′-dehydrotriferulic acid) in laccase crosslinked wheat WEAX has been recently reported.13
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Unlike most polysaccharide gels, arabinoxylan gelation
process and gel properties are governed by the establishment
of both covalent (di-FA, tri-FA bridges) linkages and weak
(hydrogen) interactions,12 which depend on AX structural
characteristics such as molecular weight (Mw), xylan backbone substitution (A/X ratio), as well as FA content and
location.3,14,15 Up to now, the relative importance of each
structural parameter on AX gelation and gel properties has
been tentatively studied by varying AX sources.14 Even if
ferulic acid has been considered in that way to be of major
importance in the WEAX gelation, its real contribution to
gelation and gel properties remained unknown since the Mw
and A/X ratio differed with AX sources.14 The production
of WEAX differing in its ferulic acid content but with
identical mean chain structure was achieved in the present
study by chemical deesterification of a single WEAX source.
Their enzymatic gelation allowed us to investigate the effect
of FA content and therefore di-FA and tri-FA bridges
formation on the WEAX gelation process and gel properties.
WEAX gels were characterized in terms of cross-links
structures content, rheological properties, and equilibrium
swelling degree. Knowledge of the equilibrium swelling
degree allowed the calculation of structural gel parameters
like molecular weight between cross-links (Mc), mesh size
(ξ), and cross-linking density (Fc). To better understand the
real contribution of covalent and physical bonds to the
WEAX gel structure, the cross-linking density (Fc) issue from
swelling experiments was compared to two theoretical crosslinking densities estimated from the FA content in WEAX
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