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Langmuir-Blodgett
transfer

The air-water 
interfacial film is
transfered on a 
mica sheet at 

constant surface 
pressureAdsorption of surface-

active molecules for 3 h

Aqueous phase

The aqueous solutions are poured
into the Wilhelmy balance

                       

   

  

  

  

  

 

 

 

           

 
 

      

  
  
  

                       

   

  

  

  

  

 

 

 

           

 
 

      

  
  
  

                       

   

  

  

  

  

 

 

 

           

 
 

      

 
  
  

                       

   

  

  

  

  

 

 

 

           

 
 

      

   
   
    

                       

   

  

  

  

  

 

 

 

           

 
 

      

  
  
  

ΔA/A

Δ
π

(m
N

/m
)

Mix 6:1 Mix 1:1 Mix 1:6 100% lipids100% proteins

0.1 g/L 0.07 g/L

2h under
magnetic

stirring

PPI
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1
Sustainable incentives foster the use of plant-based ingredients as

emulsifiers, but their composition, functionality and interfacial properties
deserve more attention. We recently discovered high contents of
endogenous phospholipids in pea ingredients and the potential of high-
pressure homogenization (HPH) to release submicron lipid structures in
aqueous suspensions. Those findings raised the burning question of the
interplay between proteins and phospholipids for interfacial adsorption.

The aim of this work was to investigate the possible
competition between endogenous polar lipids and proteins from a
commercial pea protein isolate (PPI) for interfacial adsorption.
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MATERIALS2
Phosphate buffer 10 mM 

+ 90 mM NaCl, pH 7.0

10 g proteins/L HPH

300 bars
3 min

20,000g
30 min ; 4°C

Pellet

Soluble 
fraction

Upper
creamed

phase

Lipids

7S

Protein : lipid
mixes

Soluble fraction 
(PPI-HPH)

Aqueous
phase 

concentration

CHCl3/MetOH
lipid extraction

Rotor-stator
6 000 rpm

20 sec

Purified 7S pea proteins
(vicilins and convicilins)

Overnight
hydration
at room 

temperature

Soluble 
fraction

1:6

1:1

6:1

+
7S

0.01 g/L

7S
0.07 g/L

7S
0.42 g/L

+

+

Lipids
0.07 g/L

Lipids
0.07 g/L

Lipids
0.07 g/L

20 °C
15 min

Nitrogen
flow

6:1 1:1 1:6

20,000g
30 min ; 4°C

Interfacial tension is calculated
from the drop shape

Amplitude sweeps scenario: applying fluctuations of 
the interface area at a constant frequency (0.02 Hz)

Recording of 
interfacial tension 

(mN/m)

Monitoring of 
droplet area (mm²)
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kinetics
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deformations

METHODS3

Lissajous plots represent the amplitude of the interfacial response
(𝜟𝝅 = 𝜸 − 𝜸𝟎) as a function of the deformation amplitude Δ𝐴 =

𝐴 − 𝐴0
𝐴0

1: Sagis et al., 2014, 
COCIS, 19(6)
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Interfacial dilatational rheology (oil-water interface):
adsorption kinetics and Lissajous curves.

Interfacial topography (air-water interface): atomic force 
microscopy on Langmuir-Blodgett films.
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RESULTS & DISCUSSION4
4.1 - PPI results

4.2 – Purified components results

4.3 – Protein to lipid mixes results

PPI
PPI – 1 g/L7S – 0.1 g/L Lipids – 0.07 g/L

35 nm
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2 µm

15 nm

0 nm

4.4 – Atomic force microscopy

15 nm

0 nm

2 µm

H
ei

g
ht

(n
m

)

2 µm

CONCLUSIONS5
7S

Observation of a 
concentration 

dependency of the 
rheological behavior, 
with an increase in 

non-linearities. 

Suggesting different
interfacial film 
composition.

Strain
hardening

Strain
softening

Elastic
behavior

Soft glass 
behavior

Limited asymmetric
behavior: the 

applied deformation
does not strongly

affect the interfacial 
film.

Hyp. :
Lipids self 
assemble 
in vesicles

Interface extremely
stiff, for very low
concentrations. 

Very strong
resistance against
the deformation.Solid-like 

behavior

Lipids in 
expanded

phase

Close signatures 
between PPI (1 g/L) 
and the 6:1 system: 
the  interfacial film 
of PPI comprises 

both proteins and 
phospholipids, 
competing for 

interfacial 
adsorption.

Homogeneous film, 
with protein

aggregates all over 
the sample.

Very high protein clusters 
(aggregates) amongst which
circular and low domains are 

forming « islands », very
likely to be lipid domains.  

Heterogeneous film, 
comprising a fluid background, 
high clusters (nuclei?) among
circular domains, and flower-

shaped structures 
(phospholipid monolayers?)

Proteins and phospholipids from a 
protein ingredient may adsorb and co-

exist at fluid interfaces, forming complex
and composite interfaces having peculiar

interfacial signatures. PPI

These results highlight that with a rational 
use of food processing combined with a 

deep compositional and functional 
characterization, emulsions’ stabilization 
can be enhanced by benefiting from the 

natural complexity of plant protein 
ingredients.
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Linear regime Non linear regimeElastic Viscous Visco-elastic Strain-hardening
interface

Strain-softening
interface

Elastic Strain softening Strain hardening
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Barriers closing

The barriers stabilize the film at the surface 
pressure reached after 3 h of adsorption The topography of 

the air-water film is
analyzed with
atomic force 
microscopy

2: Sagis et al., 2014, 
TFST, 37(1)

1
2

Dispersion of 
lipids in 

phosphate buffer
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AFM imaging was performed at 
the BIOMIF platform (‘Biological 

Molecules at fluid interfaces’, 
IPR, Rennes, France)
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