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Abstract

Wheat gluten proteins are among the most complex protein
networks in nature, due in particular to their poor solubility in
water and to their viscoelastic behavior. Gluten networks
are often considered as transient networks compnslng
extensible biopolymer of flexible or

chains between junction points’. However, the exact
structure of the network, the nature of the junction points
and the way it get structured under shear remain to be
clarified. Here we report the visco-elastic behavior of model
systems composed of gluten proteins near gelation. We
build model systems by dispersing in ethanol-water
mixtures two major protein groups, gliadins and glutenins,
that we have purified from gluten. Rheological properties
show a slow evolution over time scales of the order of days
of the linear frequency dependence complex modulus of the
samples, with a concentration-dependent liquid to solid
transition. Interestingly, we find that all data acquired at
different protein concentrations and different times after
sample preparation can be scaled onto a master curve
showing a cross-over from a soft solid behavior at low
frequency to a visco-elastic fluid at high frequency.
Rheological data are completed by scattering experiments
in order to elucidate the complex structure of the materials.
For gel samples, the scattering profiles display at small
length scales features typical of polymer and evidences at
larger length scale a fractal structure that we interpret as
being due to the highly disordered state of the junction
points. Biochemical assays are also performed to elucidate
the origin of the sample aging.

Background

What is gluten?

*Gluten can be defined as the rubbery mass proteins that
remain when wheat dough is washed by water to discard
starch granules and water-soluble constituents.

Washing with
water

Cooking

*Gluten proteins play a key role in baking quality of wheat
product by conferring water absorption capacity, cohesivity,
visco-elasticity on wheat dough.

Gluten contains hundreds of protein components which are
present either as monomers or polymers. These proteins
can be classified mainly by two broad groups: gliadin and
glutenin

1.Monomeric gliadins
(15,000<M,,<80,000g/mol)
Viscosityof wheat dough?

2. Polymeric glutenins
(150,000<M,,<8,000,000 g/mol)
Elasticity of wheat dough?

Gluten is like a ‘two component glue’, in which gliadins can
be understood as a ‘plasticizer’ or ‘solvent’ for glutenins. A
proper mixture of both fractions is essential to impart the
viscoelastic properties of wheat dough and the quality of
the end product2.

Motivation

Wheat is the third most-produced cereal in the world after
maize and rice. Wheat is mostly used in food industry to
make product like bread which is prepared by wheat dough
baking.

Gluten plays a key role in the bread making properties of
wheat dough and gives the unique visco-elastic properties of
wheat dough. Many efforts has been done to reveal
structuration and mechanical properties of wheat dough but
there is not a firm answer for the moment.

Because of complexity of gluten composition we decided to
study the structure and visco-elasticity of purified fractions.
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To study gluten complex system, a purification protocol was

developed from gluten. Two model systems were obtained.
Protein fractions [%]

Glutenins Gliadins

A 6.5% 93.5%

Model system

Rheology of model system A

Pure gliadin (A) 1 in EtoH/water 40%v/v

frequency..Inset shows the linear relationship between scaling
factors: (a and B)
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Collapsed master curve showing scaled G'(wt,®) (closed
symbol) and G(w,t,®) (open symbols) as functions of the
scaled frequency.Inset shows the linear relationship between
scaling factors: (a, a and b, B)

Low-frequency elastic modulus (Gy’) versus aging time

GG

ol

@ R IE]

Aging tme

w0 10 1w oo N
requency (rads) J e . .o 0
Rheological properties of Model system was done by .
measuring complex moduli G'( storage ) and G” (loss) in 52 .
the linear regime. It shows viscous behavior (Newtonian) B ° %“
. . " 420 i P ' . .
untill genaln concentration. After ®=43% viscolelastic fluid . . /6ma501012 xexprrzs x|
behavior can be observed. +
N ARARADRLGRAR  NARARANRERBOR
5 o
t istic time of gelation Exponential behavior of G”.,

Rheology of model system A+B

(Gliadin+Glutenin) dispersion in EtoH/water 50% v/v

Increasing concentration

Turbid > Opaque 2 Transparent
10"
-G
o G"
7 S
S0
°
E} o d o
= o P,
10’

Strain %
Very large range linear regime compared with wheat dough
(from 15343 to 10-%) and gluten (3x102).3

Time evolution

Measuring G'(w,t), G"(w,t)
Shows liquid-solid transition
(gel point) with time
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=>Self-similarity in the structure of the network at

different aging times

Structural Study

Small angle X-ray scattering
Model system A+B

1() Arbitrary unit

Increasing

No evolution of SAXS spectra in the range studied.
Measurement at q<(0.037nm"" is required.

Very dilute dispersion of Model system A+B
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There is aggregation of the very dilute dispersion with time. It
finally leads to macroscopic phase separation.

Conclusion & outlooks

Two model system developed from gluten proteins
Model system
Mechanical properties shows Newtonian behavior.

Model system
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SAXS data can be fitted with a semidilute polymer solution model
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Length scales <& = dilute solution behavior for the individual

chains.

«Length scales 2 €5 Semidilute polymer behavior .

- i i shows a and time

dependent liquid-solid transition (gelation). Moreover frequency-
dependent complex moduli (G',G") can be scaled onto a master
curve.
=> Self-similarity of the model system with different concentrations
and aging times.
+ G’ has exponential dependence on ® untill certain
concentration
Dilute regime structure:
monodisperse objects with internal

dynamic mode (self
avoiding walk in good solvent)

Semidilute regime structure

The model system can be described by a semidilute polymer

model at small scale and fractal structure at large scale

Outlooks

1. What is respective role of the gliadin and glutenin in the Model
system gelation?

2. s it helpful to study mechanical properties of mixture of model
system A and A+E 2

3. Whatis the structural origin of aging in model system /+5?

4. Shear rheology of model system versus concentration

and time is also helpful for structuration study.
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