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T1 topological rearrangements

= bubbles neighbour switching ↘ disproportionation :↘ T1 probability to occur if T1 occurs : ↗ T1 duration ↘ risk of film rupture (coalescence events) (Cantat et al., 2013;Biance et al., 2011;Carrier and Colin, 2003;Drenckhan and Langevin, 2010) What about protein foams ? 1.15 s -0.5 7 ms -0.5 bubbling method conductivity measurements ≠ heights

 Liquid fraction Ø
Foam stability especially against drainage

Ø ∝ 𝑡 -𝛼
where α is the free-drainage exponent (Koehler et al., 2000;Saint-Jalmes and Langevin, 2002) Ø = 3𝜎 1 + 11𝜎 1 + 25𝜎 + 10𝜎 2 where 𝜎 was the relative conductivity σ foam /σ solution (Feitosa et al., 2005) foam with milimetric bubbles where α is the free-drainage exponent (Koehler et al., 2000;Saint-Jalmes and Langevin, 2002) 

Foam

   low density  high surface area ≠ pH and dry-heating time (powder state) bovine milk = as a way to change surface properties processed by dry-heating (70 °C) at which the first drop drained *the cumulative weight of drained liquid as a function of time In food sciences : global stability = integrative of all of them 4 improvement of protein foam characterisation by transposition of foam physics  understanding the respective relation of these instability mechanisms with surface properties may help to understand protein foam stability  surface properties : planar, semi-static conditions What about the protein foam dynamics ? ↗ bubble coarsening R



  no equilibrium state for proteins  broad variety of surface visco-elasticity kinetics surface dilatational modulus E' E'' (oscillation drop method) T1 topological rearrangements stretching film during the T1 relaxation for different samples effect of bulk viscosity on T1 duration  protein film relaxation without co-surfactants by increasing protein concentration ≈ 50 g/L  protein discrimination t 90 defined as the time for the film to reach 90% of its final length =parameter for correlations T1 duration relaxation process  no effect of bulk viscosity T1 duration depends on surface rheology spearman correlations between dimensionlesss ratio and T1 duration t 90 where E' elastic modulus; E'' viscous modulus ; σ surface tension NS no significant, * p-value < 0.05 significant correlations : between surface visco-elasticity E' E'' and T1 duration Jalmes and Durian, 1999 ; Marze et al., 2009) drainage : ↘ liquid fraction Ø : ↗ G' disproportionation :↗ bubble size R : ↘ G' = indirect access to foam stability foam shear elastic moduli G' (1 Hz, 1 % déformation) disproportionation coefficient =parameter for correlations disproportionation : ↗ bubble size vs 𝑡(Hutzler and Weaire, 2000) 

  the only instability phenomena occurring in the foam Foam stability especially against drainage 2 g/L proteins Ø ∝ 𝑡 -𝛼



  correlations only with early surface rheology (250 s)  no correlations with foam stability (drainage)  negative correlations• disproportionation coefficient and dimensionless viscous surface ratio • disproportionation coefficient and dimensionless elastic surface ratio

  

  

  

 (Koehler et al., 2000;Saint-Jalmes and Langevin, 2002)WPI specificity : multiple proteins, emergent properties due to interactions no correlation between dilatationnal modulus with foam stability against drainage