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Introduction — Context

U Rheo-Optic: 2 possibles strategies

Observation = Structure

Baravian et al., 2001
Nicolas et Paques, 2003 mm
Besseling et al., 2009
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RHEOPTICAD

A THERMO-MECHANICAL DEVICE FOR CLSM

K
s o (Boitte et al., Rev. Sci. Instruments, 84, 2013)

lental

Gap width: 0 — 5 mm
Strain Range: 0.02 — 320
Shear Rate: 0 — 400 s
Load capacity: 16 N

OBSERVATION

CLSM Leica SP2
Air or water objectives

TEMPERATURE

Range: 10 — 80°C
Rates: 0 — 20°C.mint
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RheOptiCAD — Specifications

' Top Plate

Bottom plate

eEnltal

» Suction system for holding the glasses

» Easy, fast and reproducible samplig

RheOptiCAD — Observation

U Observation using a CLSM
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focal planes

Built image
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CHARACTERIZATION OF MODEL SYSTEMS
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Microgel + fluorescent probes

Q Localization of a Zero Velocity Plane?

U Additionnal questions 100 pm.st

» Uni-axial motion?

» Plates parallelism? =

—
100 pm.s VAR

» Continuous mode (movie 110 images along time) “,

s; 20 pm
- (* Bonnecaze et Cloitre, 2010)
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Microgel + fluorescent probes

O Position of ZVP? sup
—
O Additional questions —
v’ Acquisition ;.:"

v’ Profile reconstitution

—>
51 um.s?

(*Bonnecaze et Cloitre, 2010)

100 pm.st

Microgel + fluorescent probes

O Controlled deformation

v’ Effect of frequency

S 7
20 ym ‘5 ""'Z'-E ;

0.1Hz

v' Parallelism and planarity

0.5 Hz

v Reconstitution et validation

3 4

(X Bonnecaze et Cloitre, 2010)
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Temps (s)

Carrageenan + fluorescent probes

O Characterization of flow properties?
v Wall slips? | [T

v' Gelation under shearing? ===

|0.0251 | l005st|  [0.07551 | lo1st] [0.2s1] [03s1]

<— Top plate
Cooling under shearing

T =45°C
-5°C.min-t . H
Gelation line
300
T =20°C u
2" Acquisition
§: 150 images in t=33.5 s «— Bottom plate
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WHEAT FLOUR DOUGH MICROSTRUCTURES

UNDER MECHANICAL TREATMENTS
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Kneading / Shaping

Small déformations
Napp T When [Water] and [Saccharose] |

I

Bread: structures at all scales

Growing / Baking

Large déformations
Strain-hardening behavior?

Dough Microstructures

50% 55%

> [Water]

60%

(Lassoued, 2005)
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Wheat Flour Dough Microstructures -

U Balance optic — mechanic

Materials and Method
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Wheat Flour Dough Microstructures -

[Water, %]

Results

Oscillation : Ag= 400 pm
f=0.3Hz

[Saccharose, %]
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Wheat Flour Dough Microstructures -

O Greyscale mathematical morphology

Results

» Module GranuloMorpho *, MATLAB (The MATHWORKS, USA)

Dilatation

Grey level images
VO
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Erosion

(* Devaux et al., 1997, 2008)




Wheat Flour Dough Microstructures - Results

U Greyscale mathematical morphology
v’ Linear pattern: r =1 pixel, @ =45° or 135°
v' 30 successives steps erosion-dilatation = grey level m ean

v’ Variation of grey level mean ( g;)
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Wheat Flour Dough Microstructures - Results

Orientation level of
the gluten network
21.1%

(1-4'5) (28-315)
[ T

S++.28.25

Local protein concentration in the gluten fibers

77.5%
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Wheat Flour Dough Microstructures - Results

O Analyse en Composantes Principales (ACP)
» 2 périodes x 13 images x 5 recettes = 130 images
» Positionnement et différenciation sur une carte ACP

= Effet de la déformation, du temps de cisaillement
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Wheat Flour Dough Microstructures - Results

O Analyse en Composantes Principales (ACP)
» Teneur en eau

» Effet de la recette et du temps de cisaillement
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Wheat Flour Dough Microstructures - Results

Niveau d’orientation du
réseau de gluten
21.1%

-
ET 2875 [l

E+_28,75

= Concentration en protéines dans les fibres de glute n

+ )
i 77.5%
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Conclusions - Perspectives

Observation = Structure

B CONFOCAL

DLS
SAXS/WAXS

,  TEM/SEM

Controlled Rheology X
Micro/mésoscopic Obseryaiidion  (speed, autofocus)
¢ - X Charadt@rizeauns (specific labeling, quantification)

= Optical — mechanical balance
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Observation = Structure

B CONFOCAL

DLS
SAXS/WAXS

v TEM/SEM

N
o
Data treatment: image analysis A
Relevant parameters quantification Acquisition
Modelling, simulation Labelling
L REVERSE-ENGINEERING
§i Applications: foams, dairy systems, biofilms, paints
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Thanks for your attention
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