N

N

Rheological properties of the enzymatic casein gel:
dependence with the ion distribution in casein micelles
Julien Bauland, Marie-Hélene Famelart, Fanny Guyomarc’H, Antoine

Bouchoux, Thomas Croguennec

» To cite this version:

Julien Bauland, Marie-Héléne Famelart, Fanny Guyomarc’H, Antoine Bouchoux, Thomas Croguennec.
Rheological properties of the enzymatic casein gel: dependence with the ion distribution in casein
micelles. Journées Pléniéres du GDR SLAMM (Solliciter LA Matiere Molle), CNRS. INRAE, Nov
2021, Biarritz, France. hal-03428277

HAL Id: hal-03428277
https://hal.inrae.fr /hal-03428277

Submitted on 15 Nov 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License


https://hal.inrae.fr/hal-03428277
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr

UNIVERSITE
BRETAGNE
LOIRE

-~
2 AGRO

c CAMPUS

> Rheological properties of the enzymatic casein gel:
dependence with the ion distribution in casein micelles

BAULAND J.1, FAMELART M.H.!, GUYOMARC’H F.1, BOUCHOUX
A.?, CROGUENNECT.1

1 STLO, INRAE, Institut Agro, 35042, Rennes, France.
2 TBI, Université de Toulouse, CNRS, INRAE, INSA, Toulouse, France

PhD project

“Role of intra and inter casein micelle
interactions for the structure and rheology
of the enzymatic milk gel”

UMR STLO, Rennes, France



2 Introduction

Milk is a colloidal suspension

Casein “micelles” =
casein + CaHPO, + H,0

Caseins = phosphoproteins =
main protein fraction of milk

— 19-23 KDa

schematic view
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— ~200 000 KDa

(—~/ casein
CaHPO,

Milk = suspension




2 Introduction

The enzymatic casein gel

[T

e cluster-cluster aggregation

» fractal organization (D;= 2.2-2.3)

* physical (non-covalent interactions)
* transient / aging /

microsyneresis (phase separation)

INRAZ

Microscopic structure

LS confocal

Linear rheology
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2 Introduction

Casein micelle is a dynamic object

Gel rheology

<

»
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Mineral environment
of casein micelle

Acidification
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2 Introduction

Acidification
. ) . . . \ /
Casein micelle is a dynamic object \
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Micellar calcium phosphate

(MCP) ~crosslink intra
/™~— Casein
Ca(HPO,)o7(P04)2 Ofl|= © Phosphoserine
. . ca? i
Casein micelle o
/ /7 Glutamic or
R aspartic acid
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Calcium distribution in casein micelle



> Results

Direct link between cations

distribution and rheology

CaCl,
MgCl,
Na,HPO,
CitNa,
HCI

[T

Salt addition

(19 conditions)

Calculation of mineral distribution
Holt (2004), Mekmene et al. (2009)
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Rheological data
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> Results

Direct link between cations distribution and rheology

Dim 2 (26.59%)

* G’ ., G ax = POsitively correlated to the bound-C

* tand = negatively correlated to the MCP content

o o
Dim 1 (67.26%)

— Can we explain the link between the gel viscoelasticity and intra-colloid interactions?
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> Results

Direct link between cations distribution and rheology

G'

max /

tand = negatively correlated to the MCP content

G” . = positively correlated to the bound-C

Dim 2 (26.59%)

tanp.

———————————————————————————————————————————————————

5]

05 10
Dim 1 (67.26%)

— Can we explain the link between the gel viscoelasticity and intra-colloid interactions?

3 samples with different MCP content

o pH6.6 control
o pH6.0

o 10 mM CacCl, (pH6.3)
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> Results
Mechanical properties of individual colloids studied by AFM
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Single layer of casein micelles

N=10,000 force curves MCP- MCP-

over 4-7 chips depleted Control enriched p-value

Young modulus E* (MPa)  |0.36  0.24°(0.44 + 0.35°|0.56 + 0.40°| 2.2x107°

Average value of Young moduli

e E*js correlated with the MCP content
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> Results

Rheological properties
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Results

Rheological properties
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> Results

Rheological properties

. . van Vliet et al. (1991)
* Fusion = motor of rearrangement > stress in network  /c/ema et al. (2002)

+ fusion (i) Strength attraction C-bound

- fusion (ii) Rigidity (E*) mcp &
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> Results

Rheological properties

van Vliet et al. (1991)

. . _ .
Fusion = motor of rearrangement - stress in network Mellema et al. (2002)

—_—
+ fusion (i) Strength attraction C-bound ,
_fusion (i) Rigidity (E*) mcp A

» Differences of fusion rate / particle distribution

control
Q i
. enriched < 40 ;’;Z}{$§
, . z /
£ E 35 | 3 4
fco E 3,5 l §£§§§§§
\ - 8 3,0 - f
g %25 - %
5 2,0 :
depleted 0 5000
""" t(s)
Size of the gel
pores
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> Results

Discussion

* Is this picture consistent? / Lack of theoretical framework
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* Different kinetics of phase separation
o Creation and relaxation of internal stress?

* What can be learned from the aging dynamic? * Glassy soft matter systems

v

Cipelletti and Ramos (2005)
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9 Conclusion

* Industrial window for enzymatic casein gel processing
- Gel rheology correlated to 2 cation forms in casein micelle

* 2 cations form = different effect on particle fusion = structure heterogeneity

o0 -CO

+ fusion (i) Strength attraction C-bound *
“fusion (i) Rigidity (E*) MCP * )

* Need of theoretical work to study aging dynamics / internal stress relaxation

Thanks for your attention!

Thanks to Lazhar Benyahia and Mathieu Leocmach!
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