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Tuesday 8"

Wednesday 9"

Thursday 10"
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10:15
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10:45

11:00

11:15

11:30

11:45

12:00

12:15

Course

Break

Course

Plenary

Oral session

Break

Oral session

Plenary

Oral session

Break

Oral session

/

Oral session

Break

Oral session

Closing Ceremony

12:30
2:30

Lunch & Poster session

2:30

2:45

3:00

3:15

3:30

3:45

4:00

4:15

4:30

4:45

5:00

5:15

Trip to Saint-Malo
2:00 to 8:30 p.m.

Oral session

Break

Oral session

Afterwork &
Poster session

5:30 to 8:30 p.m.

Oral session

Break

Oral session

Gala Dinner
from 7:30 p.m.

: Short courses

: Plenary sessions

: Oral sessions

: Breaks & lunches

: Others
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Time Speaker’s name Title
9:00 - 10:30 a.m.

Claire Berton-Carabin

Interface-dominated food systems

10:30 - 11:00 a.m.

Break

11:00 - 12:30 a.m.

Maciej Lisicki

Culinary fluid mechanics

12:30 - 2:00 p.m.

Lunch

2:00 - 8:30 p.m.

Trip to Saint-Malo
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Time

Speaker’s name

Title

9:00 - 9:45 a.m.

Marta Martinez

Edible architectures: Linking multi-scale structure to digestibility in
seaweed-based food systems

9:45 - 10:00 a.m.

Francois Boue

Monitoring food structure during digestion: small-angle scattering,
neutron and microscopies imaging, rheology, and computer simulation

10:00 - 10:15 a.m.

Thomas Gibaud

Time temperature superposition in carrageean gels

10:15 - 10:30 a.m.

Lennard Schulte

Tuning Cellulose Microfibrill Containing Plant-Protein Gels by
Shear

10:30 - 11:15 a.m.

Break

11:15 - 11:30 a.m.

Carolina Gomez

In-situ crystallised lipid stabilisation of oil-in-water nano emulsions

11:30 - 11:45 a.m.

Hanna Demchenko

Starch-based Pickering emulsion added food-grade films:
development and characterization

11:45 - 12:00 a.m.

Nirzar Doshi

Coacervation generality in systems involving leguminous-plant
protein

12:00 - 12:15 a.m.

Lena Vincent

Stabilization of water-in-water emulsions by complex coacervate
core micelles

12:15 - 12:30 a.m.

Koen Wetterauw

Towards a generic, predictive method for air classification of pulses
illustrated on adzuki bean for functional protein ingredients

12:30 - 2:30 p.m. Lunch
2:30 - 2:45 p.m. Al Bl o X-ray micro-computed tomography <m1cro-CT) o.f edible
mushrooms, a tool to unravel spoilage mechanisms
. . Edible microgel particle suspensions: what is the relationship

. _ Q. ’
2:45 - 3:00 p.m. Gotboiele DX 0ke between microgel particle elasticity and bulk rheology?

) ) Predicting emulsion viscosity by encoding neural networks with
3:00 - 3:15 p.m. Jack Yang physics; slowly removing the A from Al

) ) 3 . Quantifying Microscopic Droplets in Colloidal Systems through
3:15 - 3:30 pm. dleze Limmille Machine Learning-Based Image Analysis
3:30 - 3:45 p.m. |, IR Applying the Scaled Particle T.h.e(.)ry to the problem of kafirin

solubilities
3:45 - 4:30 p.m. Break
4:30 - 4:45 p.m. Raphael Poryles 3D food printing : from formulation to rheological behaviour
AR D500 pn. Laura Scheldewaert The foaming properties of faba beaI.l 7S and 118 globulins: What
makes them different?

. . . Understanding stratification during evaporation of colloidal
5:00 - 5:15 pm. Rui Ouyang dispersions (dairy and model)
5:15 - 5:30 p.m. Gijs Konings Mimicking the melting profile (?f adipose tissge through a controlled

coalescence in dense emulsions

5:30 - 8:30 p.m. Afterwork & Poster session
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Monitoring food structure during digestion: small-angle scattering,
neutron and microscopies imaging, rheology, and computer
simulation.

M. Napieraj', E. Lutton'?, A. Boire®, F. Jamme?, J. Perez?, A. Brilet’, F. Boué?,
! Laboratoire Léon Brillouin, UMR12 CEA-CNRS, Univ Paris- Saclay, CEA-Saclay, F-91191, Gif-sur-Yvette,
. Mathématiques et Informatique Appliquée - Paris, UMR518 AgroParisTech-INRAE, Univ Paris-Saclay, 75005 Paris.
3, Synchrotron SOLEIL, Saint-Aubin — BP 48, 91192 Gif sur Yvette, France.
4. Unité Biopolymeéres, Interactions et Assemblages, UR1268 INRAE, F-44316, Nantes, France.

francois.boue@cea.fr

Keywords: digestion, gels, proteins, SAXS, Microscopy

Abstract: Proteins digestibility depends not only on their composition but also on their structure, which in
turn can be influenced by digestion processing.

Our model solid-like food was plant protein gels from rapeseed (napin and cruciferin) and potato (patatin).
The solutions were gelled at different concentrations and pHs. By the use of UV fluorescence imaging
(DISCO) and X-ray scattering (SWING) at SOLEIL synchrotron, we expected to obtain structural information
at different length scales: 20-200 mm and 1-500 nm, respectively, during simulated gastro-intestinal
digestion.

For SAXS using a narrow beam, we observed enzyme’s reaction on the gel surface, progressing over
several hours downward the capillaries, limiting the gastric digestion of the protein gels by the enzyme’s
diffusion. We could observe for different couples of depths and times the same states, in other words master
curves revealing protein unfolding, refolding /aggregation, re-unfolding and finally cleavage. Both SAXS and
neutron imaging and confocal microscopy showed progressive destruction of protein aggregates. The time-
resolved evolution of the gel rheology can then be discussed.

The fluorescence imaging microscopy of gel pieces under digestion showed (i) probable enzyme’s
accumulation on the gel surface, with rather fast progression inside (several min), (ii) decrease in size and
(iii) a simultaneous expel of proteins or amino-acids. An Agent Based Model software is developed for a
detailed description.

The results were different but compatible for gels synthesis at different pHs, showing convincingly that
protein digestion is determined by the effect of food microstructure, influencing the diffusion and hydrolysis
rates.
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Time temperature superposition in carrageean gels

Thomas Gibaud*

* ENSL, CNRS, Laboratoire de physique, F-69342 Lyon, France
thomas.gibaud@ens-lyon.fr

Preference : TALK & preferred session T7/ New and sustainable ingredients

Keywords (5 max): Carrageenans, rheology, Time—Temperature Superposition

Abstract : Carrageenans, extracted from red seaweeds, are bio-based, biodegradable, and edible sulfated
polysaccharides. Their use has recently gained attention as a sustainable alternative to environmentally harm-
ful materials. One promising application is the development of carrageenan-based gels, which are rich in pro-
teins, vitamins, minerals, and essential fatty acids. Due to their excellent gelling properties, these polysaccha-
rides present a viable substitute for traditional dairy-based yogurts, potentially reducing reliance on livestock
farming in the food industry.

To better understand their mechanical behavior, I will apply Time—Temperature Superposition (TTS [1]) to
compare the gelation properties of iota-, kappa-, and mixed iota/kappa-carrageenan gels with newly extracted
kappa/iota-hybrid carrageenans from Mastocarpus stellatus (Loic Hiliou [2-3]). Unlike commercial carragee-
nans, hybrid carrageenans naturally incorporate both kappa- and iota-like sequences within a single molecu-
lar backbone, leading to distinct gelation properties that differ from simple kappa/iota mixtures.

TTS is a rheological principle that allows for the extension of the observable timescale of a material’s me-
chanical behavior by shifting viscoelastic data collected at different temperatures onto a single master curve.
This approach relies on the assumption that molecular relaxation is thermally activated—higher temperatures
accelerate molecular motion, while lower temperatures slow it down. In thermoreversible gels like carragee-
nan, TTS provides critical insights into gelation dynamics, relaxation behavior, and the evolution of mechan-
ical properties over time and temperature.

[1] Van Gurp, Marnix, and Jo Palmen. "Time-temperature superposition for polymeric blends." Rheol. Bull
67.1: 5-8 (1998)

[2] Azevedo, Gabriela, et al. "Tailoring kappa/iota-hybrid carrageenan from Mastocarpus stellatus with
desired gel quality through pre-extraction alkali treatment.". Food Hydrocolloids 31, 94 (2013)

[3] Azevedo, Gabriela, Gabriel Bernardo, and Loic Hilliou. "NaCl and KCl phase diagrams of kappa/iota-
hybrid carrageenans extracted from Mastocarpus stellatus." Food Hydrocolloids 37, 116 (2014)
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Tuning Cellulose Microfibrill Containing Plant-Protein Gels by Shear

Lennard Schulte'?, Krassimir P. Velikov!??3

*Unilever Innovation Centre Wageningen, Bronland 14, 6708 WH Wageningen, The Netherlands
2Institute of Physics, University of Amsterdam, Science Park 904, 1098 XH Amsterdam, The Netherlands
3Soft Condensed Matter, Debye Institute for Nanomaterials Science, Utrecht University, Princetonplein 5, Utrecht, 3584
CC, The Netherlands

lennard.schulte@unilever.com

Keywords (5 max): Cellulose microfibrils, Plant-protein, Shear-tuning, High pressure
homogenization

Abstract : Cellulose microfibrils (CMFs), derived from plants waste material offer a unique fibrillar
structure' and serve as sustainable, natural and functional ingredients for dietary-rich, clean-label food
products contributing to the texture and stability of these products.?® However, the dispersion of CMFs is
challenging due to their tendency to aggregate via OH-driven hydrogen bonding and van der Waals
interactions.* While previous studies demonstrate that high-energy treatments of CMF dispersions in the
presence of biopolymers improves homogeneity and reduces aggregation, the role of processing conditions
in controlling these interactions and the resulting microstructural changes remains underexplored.™*
Understanding the influence of shear induced microstructural changes in these composite systems is crucial
to tailor the texture of plant-based food products.

This study investigates the impact of processing conditions on the rheological and structural properties of
composite CMF plant-protein systems. Model systems were prepared by dispersing CMF in presence of
plant-proteins, followed by controlled shear treatments using a Microfluidizer varying the applied energy
density. The findings demonstrate that alternating the processing conditions significantly influence the
structural and rheological properties of CMF — plant-protein systems. These results provide a foundation for
tailoring the continuous phase in plant-based food systems, optimizing texture and mouthfeel.

References:

1 Gouzy, R., Tsekou, C., Remijn, C. and Velikov, K.P. (2019). Cellulose microfibril networks in hydrolysed
soy protein isolate solutions. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 568,
277-283.

2 Blok, A. E., Bolhuis, D. P., Kibbelaar, H. V. M., Bonn, D., Velikov, K. P., & Stieger, M. (2021). Comparing
rheological, tribological and sensory properties of microfibrillated cellulose dispersions and xanthan gum
solutions. Food Hydrocolloids, 121, 107052.

3 Nomena, E. M., Remijn, C., Rogier, F., van der Vaart, M., Voudouris, P., & Velikov, K. P. (2018).
Unravelling the Mechanism of Stabilization and Microstructure of Oil-in-Water Emulsions by Native
Cellulose Microfibrils in Primary Plant Cells Dispersions. ACS Applied Bio Materials, 1(5), 1440-1447.

4 Veen, S. J., Kuijk, A., Versluis, P., Husken, H., & Velikov, K. P. (2014). Phase Transitions in Cellulose

Microfibril Dispersions by High-Energy Mechanical Deagglomeration. Langmuir, 30(44), 13362-13368




In-situ crystallised lipid stabilisation of oil-in-water nano emulsions

Eddie Pelan, Bettina Wolf, Carolina Gomez*

School of Chemical Engineering, University of Birmingham, Edgbaston,
Birmingham B15 2TT, UK
*l.gomezguarguati@bham.ac.uk

Keywords (5 max): O/W emulsions, in-situ crystallisation, monoglyceride, triglyceride, core-shell
droplets.

Abstract : (250 Words Max)

The overall aim of this research was to formulate oil-in-water nano emulsions stabilised solely via
crystallising lipid additives in the oil phase. It was motivated by the coalescence stability of lipid crystal
stabilised droplets due to the Pickering effect, and the prospect of introducing a hano emulsion which does
not require surfactant-active additives in the aqueous phase. The imagined emulsion system will only be
stable if crystallisation is initiated at the interface, avoiding protrusion of large crystals and thereby the
creation of an interconnecting network of lipid droplets. Saturated monoglycerides are the obvious material
choice. Exploiting the cooperative behaviour with a triglyceride of the same chain length was hypothesised
to enhance the stability of the interface. To produce the nano emulsions, coarse emulsions with fully melted
oil phases were passed through a microfluidizer equipped with quench cooling. Variables included overall
amount and ratio of lipid additives, pressure, and post-processing temperature profile. Differential scanning
calorimetry, dynamic light scattering, stability analysis, and cryo-scanning electron microscopy (SEM) were
applied for material and emulsion characterisation. Processed emulsions were only partially stable against
coalescence due a micrometre-sized droplet size population found for all emulsions, in addition to a
submicron-sized population which showed no signs of creaming. The larger droplets are the result of re-
coalescence prior to kinetic trapping of the microstructure via crystallisation. Creamed droplets formed
clusters upon exposure to temperature above a minor low temperature thermal transition of the
monoglyceride. Cryo-SEM micrographs revealed a core-shell droplet morphology, with shell thickness
depending on formulation.
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Starch-based Pickering emulsion added food-grade films:
development and characterization

Hanna Demchenko, Matti Knaapila

Norwegian University of Science and Technology - NTNU, Trondheim, Norway
hanna.demchenko@ntnu.no

Keywords (5 max): Bio-based films, Pickering emulsion added films, Water vapor permeability,
Oxygen permeability

Abstract: Pickering emulsions have gained increased relevancy for food applications. Adding Pickering
emulsions into biopolymer films is a way to impact their mechanical properties such as hardness and tensile
properties as well as water-vapor and oxygen permeability. This opens a discussion towards various
applications including food packaging and microencapsulation and other areas. We report on coatings and
free-standing starch-based Pickering emulsion added films. Medium-chain triglyceride oil and rapeseed oils
are chosen as oil phase with deionized water being agueous phase. Phase behavior and stability are
studied and ternary phase diagrams formed for different starches — dehydrated potato starch, dehydrated
rice starch, dehydrated maize starch and dehydrated sodium-octenyl succinate (E1450) modified waxy
maize starch. These results allowed us to identify fully emulsified/uniform and stable phase regimes that are
chosen to form films, which are then solidified by pectin in agueous phase using electrospraying and
solvent-casting techniques. Tensile properties, Vickers hardness and surface energies are investigated and
shown how the added emulsions determine mechanical properties of free-standing films. Water permeability
is measured using thermogravimetric analysis, resulting in decreased permeability values as compared to
reference films that contain only pectin. Regulatory affairs and safety regulations are also discussed.

References:

Berton-Carabin, C. C., Schroén, K., Pickering emulsions for food applications: Background, trends, and
challenges. Annu. Rev. Food Sci. 2015, 6 (1), 263-297.

Niro, C. M., Medeiros, J. A., Freitas, J. A., Azeredo, H. Mc., Advantages and challenges of Pickering
emulsions applied to bio-based films: a mini-review. J. Sci. Food Agric. 2021, 101 (9), 3535-3540.

Yang, Y., Fang, Z., Chen, X., Zhang, W., Xie, Y., Chen, Y., Liu, Z., Yuan, W., An overview of Pickering
emulsions: Solid-particle materials, classification, morphology, and applications. Front. Pharmacol. 2017, 8,
287.



Coacervation generality in systems involving leguminous-plant
proteins

Nirzar Doshi*®, Paul Venema®, Erik van der Linden®, Renko de Vries?

& Physical chemistry and soft matter, Wageningen University and Research,
Wageningen, The Netherlands
b Physics and physical chemistry of foods, Wageningen University and Research,
Wageningen, The Netherlands
nirzar.doshi@wur.nl

Keywords (5 max): Liquid-liquid phase separation, Plant protein coacervation, legume proteins, protein
droplets

Abstract : (250 Words Max) The growing interest in plant-based foods has spurred research into liquid-
liquid phase separation (LLPS) for structuring plant proteins. LLPS results in distinct biopolymer-rich and
biopolymer-poor phases, influenced by various environmental factors, as highlighted in our article on
coacervation involving plant proteins. The article discusses the potential applications in microencapsulation,
microgel production, and food structuring. While LLPS has been well-studied with purified plant proteins
and their mixtures with polysaccharides, its use in minimally processed plant protein sources remains largely
unexplored. Additionally, we show that the hydrophobic amino acid composition of plant storage proteins,
such as albumins and globulins, is comparable to animal proteins like whey and gelatin (often well-studied
for coacervation).

In more recent work, we demonstrate the generality of pH-induced LLPS in commercial legume flours
(soybean, pea, and fava bean) without ultra-purification of protein fractions. Unlike conventional salt-
induced methods, our approach relies solely on acidification. Upon acidification, protein dispersions for all
legumes transition through three distinct pH-dependent regimes: soluble proteins at high pH, coacervate
droplets at intermediate pH, and clustering at lower pH. CLSM further confirms the formation of
homogeneous, spherical protein-rich droplets with a Gaussian-like size distribution. Observations indicated
that these coacervates do not coalesce at low centrifugal forces and can be redispersed after centrifugation.
Interestingly, the resistance against coalescence strongly suggests the presence of proteins (or a mixture of
proteins) at the interface. The investigation has reinforced LLPS as general behaviour in minimally processed
legume flours, providing an opportunity for food industries.




Stabilization of water-in-water emulsions by complex
coacervate core micelles

Léna Vincent*, Patrick Perrin*, Cécile Monteux*, Théo Merland*

*Soft Matter Science and Engineering Laboratory (SIMM), ESPCI Paris, Paris, France
lena.vincent@espci.fr

Keywords (5 max): Water-in-water emulsions, polyelectrolytes, complex coacervate core micelles,
stabilization

Abstract : (250 Words Max)

Water-in-water emulsions (WWE) form when aqueous solutions of incompatible polymers are mixed. These
emulsions, that do not contain any organic phase, are of growing interest, particularly in the food industry as
they allow texturation without fat. However, they possess a large interface and low interfacial tension, making
the adsorption of molecular stabilizers, such as surfactants, difficult. Moreover, these all-aqueous systems
require fully hydrophilic stabilizers displaying affinity for both phases. Therefore, using particles such as
protein microgels or protein-polysaccharide complexes as stabilizers, namely Pickering effect, has proved
effective in improving WWE stability. [1] [2] However, the relationship between the stabilizers’ chemical
composition and their ability to stabilize WWE is poorly understood. A recent work showed that poly(ethylene
oxide) (PEO)/dextran WWE in the presence of dextran-derived microgels displaying affinity for both phases
had an excellent stability. [3]

In this context, complex coacervate core micelles (C3Ms), consisting of polyelectrolyte complexes stabilized
by a neutral hydrophilic polymer segment attached to one of the polyelectrolytes, appear as promising
candidates. Indeed, their size and surface chemistry (thus, affinity for both phases) can be tuned by varying
the copolymer composition. [4]

In this study, we will present PEO/dextran emulsions in the presence of C3Ms with a PEO corona. We will
highlight the role of the core in C3Ms partitioning. Also, we will show that their performance varies with the
length of the neutral block and ionic strength. We will also present results with Janus C3Ms that have both
PEO-philic and PEO-phobic polymer segments in their corona.
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Adsorption at the interface




References

[1] T. Nicolai et B. Murray, «Particle stabilized water in water emulsions,» Food Hydrocolloids, vol. 68, pp.
157-163, 2017.

[2] J. Esquena, «Recent advances on water-in-water emulsions in segregative systems of two water-soluble
polymers,» Current Opinion in Food Science, vol. 51, p. 101010, 2023.
[3] T. Merland, L. Waldmann, O. Guignard, M.-C. Tatry, A.-L. Wirotius, V. Lapeyre, P. Garrigue, T.

Nicolai, L. Benyahia et V. Ravaine, «Thermo-induced inversion of water-in-water emulsion stability by
bis-hydrophilic microgels,» Journal of Colloid and Interface Science, vol. 608, pp. 1191-1201, 2022.

[4] I. K. Voets, A. Keizer et M. A. Cohen Stuart, «Complex coacervate core micelles,» Advances in Colloid
and Interface Science, Vols. %1 sur %2147-148, pp. 300-318, 2009.



Towards a generic, predictive method for air classification of pulses,
illustrated on adzuki bean for functional protein ingredients

Koen Wetterauw*?, Patrick Wilms*, Erik van der Linden*, Remko Boom*, Paul
Venema®, Maarten Schutyser*

*|aboratory of Food Process Engineering, Wageningen University
*Laboratory of Physics and Physical Chemistry of Foods, Wageningen University
& Speaker, mail: koen.wetterauw@wur.nl

Keywords (5 max): air classification, predictive method, adzuki bean, novel ingredients, gelation

Abstract : Sustainable plant-based protein ingredients are required to facilitate the protein transition, and
dry fractionation is an energy efficient approach to create pulse protein concentrates. Dry fractionation of
pulses is commercially done by milling and air classification, in which it is key to optimize the protein
enrichment and vyield. In research, this often requires trial-and-error optimization approaches per raw
material. This hinders the commercial expansion to less known pulses, even though less explored pulses
may potentially have interesting functional properties. Therefore, we propose a simple physics-based air
classification model that predicts the protein enrichment and yield from any desired pulse. The method
incorporates both operating settings and pulse characteristics, hence it is generic to a large extent. It has
the potential to pinpoint optimal operating settings prior to experiments, and to judge the intrinsic suitability
of raw materials for air classification. The proposed approach should aid the efficient production of novel
pulse protein concentrates.

The method is illustrated for the case of adzuki bean, which has not been dry fractionated before. After
producing a protein concentrate according to the optimal operating settings, its gelling properties were
tested as well, and compared to the those of isoelectrically precipitated adzuki bean protein isolates.
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X-ray micro-computed tomography (micro-CT) of edible
mushrooms, a tool to unravel spoilage mechanisms

Angie Homez-Jara', Yuelin He', Weilun Lin?, Jarvis Stobbs2, Maria G. Corradini®3

"Department of Food Science, Ontario Agricultural College, University of Guelph, Guelph, ON N1G 2W1, Canada.
2Canadian Light Source Synchrotron, 44 Innovation Boulevard, Saskatoon, SK S7N 2V3, Canada.
3Arrell Food Institute, University of Guelph, Guelph, ON N1G 2W1, Canada

homeza@uoguelph.ca

Keywords: Mushrooms, micro-computed tomography, microstructure, solid foam, food waste

Abstract:

Structural breakdown plays a significant role in the onset of food deterioration reactions. Assessing
food structural integrity is difficult due to the invasiveness and destructiveness of extant techniques.
These challenges can be partially overcome by using micro-CT. Mushrooms exhibit a porous
structure reminiscent of solid foams that differ within parts and among mushroom types. Also, their
shelf life is short. Thus, mushrooms constitute an ideal case study to elucidate the role of structure
in food spoilage.

Oyster (OM) and white (WM) mushrooms were purchased locally and stored at 4 and 12°C,
RH=92%. Size, colour and derived indexes were assessed using image analysis and colorimetry at
set intervals. Specimens at different storage intervals were fixated (10% formalin), chemically
dehydrated (25-100% ethanol), and critical point dried (Autosamdri®-931, Tousimis). High-resolution
micro-tomographs of the specimens were collected at the BMIT-BM 05B1-1 line (Canadian Light
Source Synchrotron). Renderings were reconstructed using UFO-KIT software, and porosity and
tortuosity were estimated using Avizo.

In OM, high initial porosity (0.64) and low tortuosity (1.14) facilitate gas exchange, leading to
dehydration, the progress of oxidative reactions and short shelf life. Microtomographs of WH stored
at 4°C show structural fissures and collapsing of interstitial spaces by the end of storage.
Decreased porosity (0.54 vs. 0.36) and tortuosity (1.43 vs. 1.19) in WM during storage suggest the
collapse of structural elements in all tissues, leading to extensive discoloration (colour difference
~30 AU initial vs. final). This study provides valuable insights into the internal structure and the
relevance of their assessment.




EDIBLE MICROGEL PARTICLE SUSPENSIONS: WHAT IS THE
RELATIONSHIP BETWEEN MICROGEL PARTICLE ELASTICITY
AND BULK RHEOLOGY?

Gabriele D’'Oria*, Marco Ramaioli*, Paul Menut®, Adrien lzzet*
Speaker Name: Gabriele D’Oria

*Université Paris Saclay, INRAE, AgroParisTech, UMR SayFood, 91120
Palaiseau, France
8 Université Paris Saclay, AgroParisTech, UMR SayFood, 91120 Palaiseau,
Francia

Speaker’s email : gabriele.d-oria@inrae.fr

Keywords (5 max): Microgel, Suspension, Rheology, Microfluidics

Abstract:

Foods made of soft particles in suspension are ubiquitous e.g. smoothies, soups, yogurt, starch pastes.
Depending on the nature of particle interactions, they exhibit interesting rheological behaviors like shear
thinning, continuous and discontinuous shear thickening. The investigation of soft particle systems is
important as in this case, particle interactions, like adhesion or friction, will have important consequences on
the flow.

Leveraging on previous work done in our team, we present an innovative system of soft particles which
elasticity can be tailored at will. These spherical microgels with tunable elasticity were obtained from non-
Brownian W/O droplets of controlled size (~50um) using a microfluidic T-junction chip. The dispersed phase
consisted of a whey protein isolate (WPI) solution and the continuous phase was made of sunflower oil. The
W/O emulsion was then heated to induce the gelation of the dispersed phase forming the microgel particles.
The elasticity of the microgels was systematically varied by tuning the concentration of the WPI, and
investigated by measuring the elastic modulus in the linear viscoelastic region of bulk WPI gels at different
concentrations. The microgels were centrifugated and subsequently dispersed in water. Dense suspensions
at volume fractions ranging from @ ~ 50% and the jamming limit were studied, where microgel interparticle
contacts is dominant. The rheology of the resulting suspensions was investigated with a shear stress
sweep.

In conclusion, this study brings new insights into the rheology of suspensions of soft particles. This study
also introduces an innovative technological platform to produce particles with controlled microscopic
properties.




Predicting emulsion viscosity by encoding neural networks with physics; slowly removing the A from Al

Marcel B. Meinders, Jack Yang, Erik van der Linden

Wageningen University and Research, Bornse Weilanden 9, 6708 WG, Wageningen, the
Netherlands
Jack.yang@wur.nl

Keywords (5 max): Neural networks, Machine learning, Quemada model, emulsion viscosity,
prediction

Al is proposed as a tool to improve the predictability of food soft matter systems. A major problem in using
Al is the data scarcity, consequently, still the huge laborious experimental efforts to collect them. Another
problem is the statistical character of Al, which neglects causality. We report on a novel route that addresses
these two problems at the same time.

We have addressed a specific problem of predicting emulsion viscosity. We have encoded a neural network
with physics based information, namely a Quemada model. This physics information resembles the existing
physical hierarchical structure within the system. After this encoding with physics information, we optimized
this so called Physics encoded Neural Network (PeNN). The model predicts emulsion viscosity over shear rate
based on oil volume fraction.

We show that the mean squared error (mse) of the PeNN is always smaller than that of the NN, in the order
of a factor of thousand. Furthermore, the PeNNs capture extrapolation and interpolation very well, contrary to
the NNs. This is most probably due to the inherent higher causality in the network by means of encoding it
with physics information. It is furthermore shown that PeNNs need a much smaller data set size for training
than the NNs to achieve a similar mse. This extraordinary finding shows the potential to use PeNNs when data
is scarce or laborious to collect. The newly presented PeNNs are the next generation of predictive Al models

for food soft matter systems.




Quantifying Microscopic Droplets in Colloidal Systems
through Machine Learning-Based Image Analysis

Jens Saalbrink™?, Tricia Y.J. Loo®, Julia Mertesdorf® , Peidi Xu®, Mie T. Pedersen? ,
Mathias P. Clausen”, & Jose C. Bonilla'? , Speaker: José C. Bonilla

! Department of Food Science, University of Copenhagen
? Department of Green Technology, University of Southern Denmark

? The Image Analysis Core Facility, Danish Bioimaging Infrastructure, University of
Copenhagen

bonilla@food.ku.dk

Keywords : Image analysis, Machine Learning, Microscopy, Colloids

New microscopic imaging techniques provide data at unprecedented length and time scales that
allow us to visualize food and soft matter at the microscopic scale helping us understand their
organization and structure. Each image, or micrograph, can represent millions of data points
(pixels). As the visualization techniques become available, the challenge has shifted from
visualizing to extracting and analyzing meaning data from the micrographs. Advances in data
science, including machine learning, are crucial for progress in image processing and analysis.
This talk will show various image analysis techniques to quantify microstructures in food and soft
matter (e.g., droplets, fibrils, networks), focusing on our image analysis workflow, MIDAS
(Microscopic Droplet Analysis), developed from cell segmentation software (Saalbrink et al., 2025).
MIDAS segments droplets in microscopy images across a wide range of droplet sizes within the
same image. Its segmentation performance is compared to other methods for segmentation of cells
like Cellpose and StarDist and discussed based on the intrinsic approach each algorithm is set up
to follow. Besides segmentation, MIDAS also extracts quantitative data from all droplets in the
image (e.g., droplet packing and shape data). Analyzing microscopic images allows us to bring
data from direct visualizations enabling us to quantify droplets within droplets, as in the case of
double emulsions. The MIDAS workflow is available as open-source code in online repositories.
Implementing accurate image analysis will provide new data that can be correlated with data at
different length scales (e.g., rheology), advancing our understanding of food structures.
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Applying the Scaled Particle Theory to the problem of kafirin solu-
bility
Freya Knaggs®, Céline Charbonnel*, Joélle Bonicel*, Michaél Nigen*, Marie-Héléne Morel*, Hamza
Mameri*, Christian Sanchez*

* UMR IATE, Univ Montpellier, INRAE, Institut-Agro Montpellier, 34060 Montpellier, France
freya.knaggs@inrae.fr

Keywords (5 max): Solvation; Hydrophobicity; Scaled Particle Theory; Sorghum Kafirin; Cost cav-
ity creation

Abstract: (250 Words Max)

Proteins have multiple functionalities such as structuring ability (aggregation-gelation, coacervation) and sur-
face properties (emulsification, foaming, solid surface adsorption). Our working hypothesis is that protein
solubility is the key to controlling these functionalities, through the Gibbs free energy of cavity creation (AG¢),
one of component of solvation free energy. In order to better rationalise the solvation process of plant pro-
teins, we used the Scaled Particle Theory, SPT, to compute AG¢ and chose to work with proteins known for
their particularly low solvation rate in water, sorghum kafirin.

Kafirin, sorghum’s storage proteins, are known for their high content of hydrophobic amino acids (60-65 %) in
comparison to other prolamins, like wheat gluten proteins or corn zeins (about 50-55%). The resulting high
hydrophobicity and self-assembling properties of kafirins lower their solubility.

We aim to compute the energy needed to solvate these hydrophobic proteins by focusing on the structure of
solvent molecules around non polar residues based on cavity formation. Cavity creation is pointed out to be
an entropy driven process. In this study, we calculated AG¢ by SPT [1], [2], [3], using the characteristics of
kafirin, in tert-butanol, isopropanol, ethanol and water.

Following an experimental design, we showed that AG¢ is one of the main factors influencing kafirin solubil-
ity, along with temperature. The AG¢ for the different solvents tested varies from 0.157 to 0.317 kJ.mol".A2.
The solvents’ ranking of cost of cavity creation is AG¢(tert-butanol) < AG¢(lsopropanol) < AG¢(Ethanol) <
AGc(Water). Finally, solvents with high packing density and low density fluctuations, decrease the energy of
cavity creation resulting in increased protein solubility.

[1] Graziano, G. (2006). Scaled Particle Theory Study of the Length Scale Dependence of Cavity
Thermodynamics in Different Liquids. The Journal of Physical Chemistry B, 110(23), 11421-11426.
https://doi.org/10.1021/jp0571269

[2] Graziano, G. (2015). The Gibbs energy cost of cavity creation depends on geometry. Journal of
Molecular Liquids, 211, 1047-1051. https://doi.org/10.1016/j.molliq.2015.08.034

[3] Pierotti, R. A. (1976). A scaled particle theory of aqueous and nonaqueous solutions. Chemical
Reviews, 76(6), 717-726. https://doi.org/10.1021/cr60304a002
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3D food printing : from formulation to rheological

behaviour

Yara Moawad*, Gabriel Le Flem*, Emilie Korbel*, Raphael Poryles*
*Oniris - GEPEA (UMR CNRS 6144), Site de la Géraudiere CS 82225, 44322 Nantes, France
raphael.poryles@oniris-nantes.fr

Keywords (5 max): 3D printing, food gels, rheology, phase transition

Abstract (250 Words Max): 3D printing is a major technological advance that has opened
up new perspectives in various fields such as industry, medicine, art and design. However, 3D
printing is not limited to the manufacture of objects; it also finds new applications in foods
with potential such as personalized nutrition, reduced waste and innovative designs. When it
comes to food 3D printing, a key consideration is the rheological properties of food inks.

(a)(b) - (C)Iig

Figure 1: 3D printed objects : (a) Emulsion stabilized by potato proteins (b) Wheat starch suspension
(c) Wheat starch suspension including brewer’s spent grains

In this context, our study focuses on the development of new edible inks for 3D printing.
Our printer works according to the principle of extrusion: the material, contained in a syringe,
is heated and deposited on a mobile plate. We explore different plant based formulations such
as protein-stabilized emulsions and starch suspension to promote the transition from animal
products to plant substitute. By-products from the food industry (brewer’s spent grains and
others) are also included in the formulation for valorization purposes and as alternative nutrient
sources.

Through rheological and thermal characterization of our ink, we evaluate their printability.
As an example, the protein-based ink of potato, rich in protease inhibitor, has demonstrated
excellent printing capacity in terms of flow and elasticity, as well as a phase transition with
irreversible gelation at 60 °C. This phase transition insures the stability (in terms of mechanical
properties) of the printed ink. A recently started project will explore new possibilities in terms
of future products and consumer’s acceptance using participative science methodology.
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Removing isolation process-induced aggregates improves the
foaming properties of faba bean proteins

Laura Scheldewaert, Arno G.B. Wouters

Laboratory of Food Chemistry and Biochemistry, KU Leuven
laura.scheldewaert@kuleuven.be

Keywords (5 max): Faba bean protein; Protein aggregates; Foam stabilization mechanisms

Abstract : Faba beans (Vicia faba) are a promising protein crop in the context of the (partial) shift from animal
to plant protein'-2. Protein isolates are typically obtained through wet isolation, often resulting in partial protein
aggregation®. However, the impact of such aggregates on the foaming properties of the isolate remains poorly
understood. This study investigates the effect of aggregates in faba bean protein isolates, obtained by
aqueous extraction (pH 7.0) followed by isoelectric point precipitation (pH 5.0), on their foaming properties.
Ultracentrifugation (183 800 g, 30 min) was applied to protein solutions to effectively remove isolation process-
induced aggregates (25% of the proteins). Comparing protein solutions with and without aggregates, at equal
soluble protein content (0.4% Wsouble protein/V), revealed significantly lower foaming capacities in presence of
aggregates (27% reduction), indicating their negative impact on foaming formation. Interestingly, foam stability
was not affected by aggregates. The lower foaming capacity could not be explained by protein adsorption
dynamics analyses, with no significant difference between solutions with and without aggregates observed.
Since foaming through whipping is a dynamic process, we hypothesize that aggregates, brought through
motion to the air-water interface, interfere with bubble formation or disrupt bubbles at an early stage, thereby
reducing foam formation. This will be further researched with alternative foaming methodologies (e.g.
monolayer bubbling equipment), and thin liquid film analyses. These findings highlight the importance of
understanding the influence of protein colloidal state on foaming properties for the efficient use of plant
proteins in food products.

t 1 ' 7Y

Non-aggregated Non-aggregated +
proteins Aggregated proteins

[1] Dhull, S. B. et al. Legume Science 4, €129 (2022).
[2] Sharan, S. et al. Comprehensive Reviews Food Science and Food Safety 20, 401-428 (2021).
[3] Vertaillie, D. et al. Food Research International 163, 112177 (2023).



Understanding stratification during evaporation of colloidal
dispersions (dairy and model)

Rui Ouyang®, Francoise Boissel*, Luca Lanotte!, Cécile Le Floch-Fouéré*
1 INRAE, Institut Agro, STLO, 35042 Rennes, France
* Speaker’'s email : rui.ouyang@agrocampus-ouest.fr

Keywords (5 max): colloidal drying; Hele-Shaw cell; crack formation; drying kinetics; dairy colloids

Abstract:

Producing biomimetic dairy powders with nutritional benefits passes through the challenging control of their
physical properties, such as shape and mechanical response of the dry particles. Recent studies highlighted
colloid stratification in the skin of drying droplets of dairy protein mixes, which influence their final
morphology. However, unraveling the stages of protein stratification remains an unsolved question, limiting
the control of the drying process*®.

To fill this gap (Figure 1), in this study we investigate the evaporation of colloid suspensions in Hele-Shaw
cells with different height under controlled environmental conditions”®. The drying dynamics of silica colloids
(HS40, TM50) and dairy proteins (whey proteins and casein micelles) were explored by digital microscopy.
We characterized the formation and propagation of parallel cracks in the setup to deduce how interfacial
colloid self-arrangement influences the mechanical properties of the matrices. Our preliminary findings show
good agreement with existing models, though the influence of colloid size remains to be validated. The
evaporation rate seemed to decrease throughout the evaporation, as underlined by the cyclical slowdown of
crack propagation and the emergence of transversal cracks delimiting regions with increasing width. This
specific behavior can be explained by the different internal stress distribution moving inward the cell, closely
linked to the predicted variation in terms of evaporation rate.

To corroborate our hypothesis and quantify the drying kinetics for single colloids and mixes, the drying-
induced mass loss is currently monitored by ultraprecision balance. Coupling microscopy and mass
measurements we aim at modeling the the drying process at the micron-scale and predict powder
properties.

DRYING KINETICS

SKIN FORMATION EXPERIMENTAL DRYING SIMPLIFICATION FOR MODELING
EVAPORATION FLOW

SOL/GEL TRANSITION

surface

) Colloid stratification
/segregation

Figure 1: Strategy for exploring colloid drying dynamics

. Le Floch-Fouéré et al., Soft Matter (2019), https://doi.org/10.1039/C9SM00373H

. Lanotte et al., Colloid. Surface A. (2018), https://doi.orag/10.1016/j.colsurfa.2018.05.020
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Mimicking the melting profile of adipose tissue through a
controlled coalescence in dense emulsions
Gijs Konings'?, Elke Scholten?, Costas Nikiforidis* - Gijs Konings*?

I Biobased Chemistry and Technology, Wageningen University and Research,
Wageningen, Netherlands
2 Physics and Physical Chemistry of Foods, Wageningen University and Research,
Wageningen, Netherlands
gijs.konings@wur.nl

Keywords (5 max): adipose tissue, rheology, crystallisation, HIPE

Abstract : The adipose tissue is a densely packed system of fat cells around and in between muscle
tissue. In meat products this adipose tissue is responsible for the flavour and the perceived juiciness of
meat. Mimicking these properties is essential to create meat analogues with good sensory quality. We could
mimic the structure and mechanical properties of adipose tissue at elevated temperatures by binding oil
droplets with pea proteins. However, the challenge is to mimic the system hardness at ambient
temperatures and melting behaviour during heating. When liquid oil was used in the oil droplets, no melting
profile was observed, while when crystalline fat was used, we could mimic the melting profile of animal fat,
as measured with rheology. Using laser diffraction and confocal microscopy, it was found that after a
heating-cooling-heating cycle, fat crystals protrude from the oil droplet interface, bridging neighbouring
droplets and leading to arrested coalescence. Thus, we could trigger a decrease in viscoelasticity by
increasing the temperature beyond the melting point of the crystalline fat to obtain a behaviour similar to
melting. By changing the crystalline fat content we could influence the extent of coalescence either by
reducing the crystal protrusion into the continuous phase or by modulating the cluster size of aggregated
crystal droplets. Controlling this coalescence rate of the oil droplets in dense emulsions yields melting
profiles similar to those of animal fat, which can be the key to creating accurate adipose tissue mimics.
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Structure characterization of faba bean protein stabilized
foams under processing

Ruifen Li ®*, Anne Mette Maersk Pedersen 2, Claus Hviid Christensen °, Laura Kristiane Lemvig 2, Sandra Beyer
Gregersen **, Milena Corredig *

@Department of Food Science, Aarhus University, Agro Food Park 48, 8200
Aarhus N, Denmark
b Palsgaard A/S, Palsgaardvej 10, 7130 Juelsminde, Denmark
*Speakers email: ruifen@food.au.dk

/

Keywords (5 max): faba bean isolate; plant protein; heat-set foam; foam microstructure

Abstract : Foams are important in creating appealing structures in food. A large amount of
research is available on the mechanisms of structure formation which impart stability of animal-
derived proteins (dairy, egg, and gelatin) foams. However, much less is understood on the
functionality of plant proteins. This study investigated the changes in the microstructure and
rheological properties of faba bean protein stabilized foams induced by pH changes, sugar addition
and heat treatment, with egg white protein as control.

For faba bean protein, the protein solubility is highly dependent on the pH, and results illustrate
how such changes can impact foam stability, with foams at pH 4 having higher overrun, stability
and a more rigid structure, compared to those at neutral pH 7, which was related to stabilization of
the air bubbles by larger protein aggregates surrounding at the lamella structure. Upon heating, the
faba bean protein stabilized foams at pH 7 was nearly unaffected, whereas at pH 4 heating
induced formation of very large structures of aggregated proteins and merging of air bubbles with
the resulting impact on rheological properties depending strongly on the heating methods.
Surprisingly, sugar addition decreased the overrun of the foams and the storage modulus of the
resulting foam, but hindered liquid drainage to some extent Upon heating, sugar could contribute to
maintaining of the spherical bubbles and either provide comparable or higher storage modulus.
The toughest foams are the faba bean foams at pH 4 with/without sugar addition after microwave

heating.



This study highlights that an introduction of plant proteins for stabilizing food foams requires not
only an understanding of the foaming properties, but also an understanding of what happens

during processing, such as during the heating, pH changes and interaction with other ingredients.




Miniaturization of the fouling of whey proteins in falling film evaporators by

microfluidics

M. Grostete!, |. Lee?, F. Boissel!, M. Jimenez??3, R. Jeantet?, L. Lanotte!
L INRAE, Institut Agro, STLO, 35042 Rennes, France
margot.grostete@institut-agro.fr ; jeehyun.lee@institut-agro.fr ; francoise.boissel@institut-agro.fr ;
romain.jeantet@institut-agro.fr ; luca.lanotte@inrae.fr
2Univ. Lille, CNRS, INRAE, Centrale Lille, UMR 8207 - UMET - Unité Matériaux et Transformations, F-59000 Lille,
France
maude.jimenez@univ-lille.fr
3 Institut Universitaire de France (IUF), 1 rue Descartes 75231 Paris cedex

Keywords (5 max): Deposits, Aggregation, Kinetics, Microscopy

Abstract: (250 Words Max)

Fouling remains an unsolved challenge in the dairy industry, affecting operational efficiency and product
guality. While extensive research has focused on fouling dynamics in heat exchangers, falling-film
evaporators (FFE) have received less attention. There is scientific consensus that heat-induced protein
denaturation is the main reason for fouling development, neglecting other potential mechanisms especially
at relatively low temperatures.

In a recent study [1], we demonstrated that increasing shear rates foster the formation of whey protein
deposits and enhance their structural complexity even at temperatures below the denaturation one. While
highlighting the role of shear rate, this work does not shed light on the surface and bulk mechanisms leading
to deposit formation.

In this context, we characterized in real-time the stages of dairy fouling development using microfluidic
devices simulating FFE conditions. We aimed at discriminating the effects of shear (0-200 s™) and
temperature (50-75 °C) on the kinetics of deposit growth during the flow of whey protein solutions (10 wt.
%). The key findings of this analysis can be summarized in two points:

1. At low (50 °C) and high temperatures (75 °C), no deposit formation and fast channel clogging are
observed, respectively, thus underlining the strong influence of heat-induced protein denaturation.

2. At intermediate temperatures (65 °C), shear is a limiting factor controlling the accumulation of solids at
the surface.

These results provide a new insight on fouling mechanisms at the micron-scale and underline the coupled
effect of shear and temperature under the typical FFE operational range of temperatures.

References.

[1] M. Grostete et al., “Exploring the formation of surficial whey protein deposits under shear stress by
rheofluidic approach,” Int J Biol Macromol, vol. 274, p. 133291, 2024, doi: 10.1016/j.ijbiomac.2024.133291.
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Microfluidic EDGE chip to assess interfacial protein adsorption at
very short time-scales

Tatiana Porto Santos'*, Boxin Deng', Meinou Corstens’, Claire Berton-Carabin™-2, Karin Schroén’

" Laboratory of Food Process Engineering, Wageningen University and Research, Wageningen,
Gelderland, 6708 PB, the Netherlands
2 UR BIA, INRAE, Nantes, 44000, France
*tatiana.portodossantos@wur.nl

Keywords: Dynamic interfacial tension, droplets, bubbles, microfluidics, whey protein isolate.

Abstract : Proteins have been extensively employed to stabilize two-phase systems: oil-in-water (o/w)
emulsions and air-in-water (a/w) foams. During the formation of such systems, droplets or bubbles are
generated and proteins continuously move towards the interface, rapidly reducing the interfacial tension (i.e.,
in sub-second time-scale), and stabilizing these small objects against coalescence. Therefore, understanding
these early effects is of great importance. In traditional analytical methods, such as automated droplet
tensiometry (ADT), the dynamic interfacial tension can be acquired only in the second time-scale, meaning
that protein adsorption at the interface generally takes place before the measurement initiates. Besides, the
ADT does not allow measurement of highly concentrated systems. These challenges can be mitigated when
using our microfluidic partitioned Edge-based Droplet Generation (EDGE) tensiometer that allows
measurement of highly concentrated protein solutions (whey protein isolate, WPI, 2.5 - 10 wt.%) at the
interface with either oil or air. Small channels allow for precision formation of droplets and bubbles in the
micrometer scale. Measurements are performed in the (sub) milli-second time range, which is in line with
typical time-scales that would occur in large scale processes, and the results line up with those obtained by
ADT at much longer time scales. This implies that the EDGE device can distinguish very early-on effects of
proteins at fluid interfaces. Additionally, the EDGE tensiometer enables assessing the impact of high protein
concentrations on the formation of emulsions and foams, which is highly pertinent for designing stable food
systems.

Acknowledgements: This project is funded by the European Union HORIZON MSCA Postdoctoral
Fellowships, under Grant Agreement 101062730 (EVALUATOR). Views and opinions expressed are however
those of the authors only and do not necessarily reflect those of the European Union or the Research
Executive Agency. Neither the European Union nor the granting authority can be held responsible for them.



Investigating Thermomechanical Stucturing of Protein Networks Using
Closed Cavity Rheometer

Mohammad Fahim Hussain®, Atze Jan van der Goot®, Fahim Hussain

¢ Laboratory of Physics and Physical Chemistry of Foods, Wageningen University
b Laboratory of Food Process Engineering, Wageningen University and Research, Wageningen, the
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Preference: TALK in T1 Multi-scale structures or T6 Innovative characterization & analysis

Keywords: Nonlinear Rheology, Protein Network Structuring, Shear-Induced Anisotropy, Viscoelastic
Transitions, Dissipation Mapping

Abstract: The formation of fibrous protein networks in food materials is governed by thermomechanical
processing, where shear and thermal stresses drive structural transformations across multiple length scales.
However, the underlying rheological mechanisms that dictate material behavior under these conditions re-
main insufficiently explored. In this study, a Closed Cavity Rheometer (CCR) was employed to charac-
terize the nonlinear viscoelastic response of protein matrices subjected to varying shear intensities and
thermal inputs. Strain-dependent texture maps revealed distinct transitions in viscoelastic behavior,
where increasing thermal input enhanced elasticity up to an optimal temperature range of 130-140°C,
beyond which structural degradation reduced network cohesion. At this range, protein alignment is
maximized, balancing molecular entanglement and crosslinking interactions, while excessive heating dis-
rupts this structure, leading to diminished mechanical integrity. The response to shear intensity further
distinguished the two processing methods: High Temperature Shear Cell (HTSC) facilitated gradual
anisotropic structuring through localized reorganization, whereas High Moisture Extrusion (HME) pro-
moted continuous network realignment under higher shear, resulting in more uniform mechanical behavior.
Dissipation color maps captured the balance between elastic energy storage and viscous flow, with HT'SC
exhibiting a more gradual yielding profile compared to the sharper transitions observed in HME, indicative
of different stress relaxation pathways. These findings highlight how HTSC achieves similar anisotropic
structures as extrusion but with lower dissipation energy, offering better control over structuring. In my
talk, I will further discuss temperature dependencies and shear effects, emphasizing the need for
precise thermal control to optimize network formation and mechanical stability.
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Figure 1: Rheological analysis of protein networks structured via HTSC and HME, including texture maps, dissipation
maps, and microstructural images to illustrate thermal and shear effects.
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Carrageenan Gels Formed Through Crosslinking with
Rapeseed proteins
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Christophe Chassenieux
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Keywords (5 max):Thermoreversible gels , Rheology, Confocal microscopy, Hydrogen bonding
Opposite charge interactions

Abstract: Recently, rapeseed proteins, mainly cruciferin and napin, have gained attention due to
sustainability considerations. In this study, we examine aqueous mixtures of the anionic
polysaccharide k-carrageenan (k-car) with cationic napin or anionic cruciferin as well as with
rapeseed protein isolate (RPI), which contains equal amounts of napin and cruciferin. A synergistic
interaction between k-car and rapeseed proteins leads to thermoreversible gel formation upon
cooling without inducing the coil-helix transformation of k-car. Figure 1la shows the evolution of G’
during heating and cooling cycles of k-car/napin mixtures. Both opposite charge interactions and
hydrogen bonding play significant roles, with the former causing formation of dense complexes
leading to a decrease of the gel strength. Unlike napin, RPI and cruciferin form irreversible gels
upon heating at 90°C, further reinforced by k-car during cooling (Figure 1b). The effects of varying
the protein and k-car concentrations, the pH and ionic strength on the rheological properties and
microstructure before and after heating will be discussed.
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Figure 1: Evolution of G' as a function of temperature for k-car/napin (a) and k-car/RPI (b) mixtures
during different cooling (C1 and C2) and heating cycles (H1 and H2).


https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Gireeshkumar++Balakrishnan

Temperature-Dependent Structural Evolution of Defatted and Non-Defatted Pea Globulins: A Small
Angle X-ray Scattering (SAXS) and Synchrotron Radiation Circular Dichroism (SR-CD) Study
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Pea protein isolates are functional ingredients which contain lipid contaminants. The objective of this
study was to evaluate if the presence of these lipids affects the structure of purified legumin and vicilin
fractions. Pea proteins were extracted from a pea protein concentrate (Veskorn, Norway) “as is” or
defatted using a chloroform and methanol solvent mixture in a 2:1 volume ratio. Pea globulins were
extracted through alkali solubilization followed by isoelectric precipitation with hydrochloric acid.
Legumin-rich and vicilin-rich fractions were then obtained by selective precipitation using a 0.2 M
borate buffer containing 0.5 M NaCl at pH 8.

The proteins’ structure and their stability were investigated between 25°C and 85°C, by applying in situ
heating. NanoDSC was employed to follow the thermal transitions of protein fractions and combined
with structural analysis using small angle x-ray scattering (SAXS) and synchrotron radiation circular
dichroism (SR-CD), to elucidate how the protein structure evolves across the temperature range. SAXS
intensities as a function of g were evaluated using high resolution models based on AlphaFold 3
(Google Deep Mind, London, UK) structural prediction of legumin and vicilin, based on the amino acid
sequences which were taken from UniProt database.

SAXS analysis revealed that the defatting process did not significantly influence the structure of either
legumin or vicilin fractions. At 25°C, both defatted and non-defatted vicilin exhibited hexameric
structures. A clear transition to dimeric structures was observed for both defatted and non-defatted
vicilin fractions. Legumin maintained hexameric structures at lower temperatures but transitioned to
trimeric structures at temperatures exceeding 65°C. These results were well in agreement with the
thermal transitions measured by NanoDSC, whereby legumin exhibited a higher denaturation
temperature compared to vicilin. Synchrotron CD data showed a specific spectral change for vicilin
between 187 nm and 197 nm at higher temperatures, which indicate heat-induced conformational
adjustments in secondary structure. This was not the case for legumin.

In summary, this high resolution structural study combining SAXS and SR-CD analyses provide a
detailed understanding of the thermal behavior and self-assembly mechanisms of pea protein
fractions, revealing that the defatting process did not affect nor compromise the legumin’s and vicilin’s
structure as well as their heat-induced structural changes.
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Abstract: The role of water-extractable wheat flour constituents and their interactions in determining
the stability of wheat-based foam-type foods, such as bread doughs, remain largely unexplored.
Furthermore, the influence of drainage dynamics of the thin liquid films (TLFs) between gas bubbles
to food foam stabilization is often overlooked. In this study, air/water (A/W) interfacial, TLF drainage,
and foaming properties of compositionally diverse wheat flour aqueous extracts were investigated.
Such extracts were either used as such or modified by dialyzing out (i) low molecular mass constit-
uents or (ii) both low molecular mass constituents and enzymatically hydrolyzed carbohydrates. This
approach resulted in extracts with progressively increasing protein contents and distinct carbohy-
drate compositions. Wheat extract constituents created highly elastic A/W interfaces, regardless of
the type of extract modification, suggesting a significant contribution in this regard from water-ex-
tractable wheat proteins. Notably, TLFs stabilized by wheat extracts with high levels of arabinoxylan
(AX) with high molecular mass had significantly greater stability, implying a positive role of large AX
molecules in TLF stabilization. This was further confirmed in TLF experiments where AX was enzy-
matically degraded. All extracts showed similarly good foaming properties, implying a dominant role
for water-extractable wheat proteins in determining foaming. The strongly elastic A/W interfaces
formed by these proteins, optionally supported by large AX molecules, likely reduced liquid drainage
to such an extent that coalescence and disproportionation were largely delayed. The findings of this
study could facilitate further investigations on the possibility of tuning protein-AX interactions toward
improved foam stability.




The competition between endogenous phospholipids and
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Abstract: Sustainable incentives foster the use of plant-based ingredients as emulsifiers, but their
composition, functionality and interfacial properties deserve more attention. Our group recently highlighted
high contents of endogenous phospholipids in pea protein isolate (PPI), as well as the potential of high-
pressure homogenization (HPH) to release submicron lipid structures in aqueous suspensions [1]. These
findings raised the pivotal question of the interfacial properties of this widespread ingredient, suggesting a
competition between endogenous proteins and phospholipids for interfacial adsorption. Dilatational
interfacial rheology measurements were conducted using either the soluble fraction of the ingredient as
such, lipids extracted from PPI, or purified pea proteins (7S fraction). Oscillatory deformations of the oil-
water interfacial layers were analyzed using Lissajous plots, which substantiated the interactions between
proteins and lipids by deciphering their respective contributions. The formation of mixed interfacial films
according to the protein-to-lipid ratio was demonstrated, with a prevalent influence of pea polar lipids on the
rheological signature of the films. Atomic force microscopy confirmed the formation of mixed interfacial films
where lipid domains coexist with protein aggregates. These insights advance the current knowledge
regarding the complexity and functionality of plant protein ingredients, which is important to promote the
rational formulation of plant-based food products.

[1] Keuleyan, E. et al. (2023) Pea and lupin protein ingredients: New insights into endogenous lipids and the
key effect of high-pressure homogenization on their aqueous suspensions, Food Hydrocolloids, 141,
108671.
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Abstract: Heteroprotein complex coacervation holds significant potential for food applications,
but its functionality depends on rheological properties. This study investigates the linear
viscoelasticity of heteroprotein coacervates formed from oppositely charged whey proteins, (-
lactoglobulin (SLG) and lactoferrin (LF), at a fixed molar ratio (SLG:LF = 10:1), while varying
the initial protein concentrations (SLG: 5-40 g/L; LF: 2.5-20 g/L). The viscoelasticity of six
systems was analyzed at different temperatures (5-40 °C), revealing a dominant liquid-like
character with moduli decreasing as the temperature increased. Interestingly, lower initial
protein concentrations produced stiffer coacervates, likely due to changes in water content as a
function of the protein concentration. Time-temperature superposition (TTS) was successfully
applied, and the data fit well with the Fractional Maxwell model, indicating temperature-
independent interactions in the coacervate network, with activation energies (F,) increasing
with decreasing water content. Finally, rehydrating freeze-dried coacervates while controlling
the water content enabled fine-tuning of their viscoelastic properties. These findings enhance our
understanding of complex coacervates and provide new strategies for tailoring their properties.
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Figure 1: Viscoelastic properties of SLG-LF heteroprotein coacervates as a function of initial protein
concentrations at 5 °C
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Abstract : The stability and rheology of multiphase materials, such as foams, are largely governed by the
properties of their interfaces and the behavior of thin liquid films (TLFs) separating interacting droplets or
bubbles. When two bubbles come into close proximity, a TLF forms between them and progressively thins
through drainage. This thinning process, along with the overall stability of TLFs, is strongly influenced by
interfacial stresses and intermolecular interactions driven by surface-active species. In this talk, we will discuss
how experimental techniques, such as the dynamic thin film balance, shed light on nano- and micro-scale
physics of these materials. Particular attention will be given to films stabilized by low molecular weight
surfactants, copolymers [1], and plant proteins [2], and how they impact key foam destabilization processes:
drainage, coalescence, and Ostwald ripening.
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Figure 1: (Left) Microinterferometry image of a foam film stabilized by a protein
(yellow-pea albumin). (Right) Correlating foam half-life with film thickness [2].

[1] Chatzigiannakis, E., & Vermant, J. (2024). PERSPECTIVE: Interfacial stresses in thin film drainage: Subtle
yet significant. Journal of Rheology, 68(4), 655-663.

[2] Chatzigiannakis, E., Yang, J., Sagis, L. M., & Nikiforidis, C. V. (2025). Thin liquid films stabilized by plant
proteins: Implications for foam stability. Journal of Colloid and Interface Science, 683, 408-419.
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Abstract :

Rapeseed is mainly used for oil extraction, with the remaining material often discarded or
used as animal feed. However, it contains 30% to 45% high-quality protein, primarily com-
posed of cruciferin and napin. While napin was found to be heat-stable, cruciferin is more
sensitive. Remarkably, it forms stable suspensions of well-defined microgels (MG) when a sus-
pension at 0.8 wt% is heated at 80°C for only 5 min. The diameter of the microgels varied
between 0.1 and 0.4 um depending on the pH. In the presence of 0.1 M NaCl such microgels
could also be formed by a rapeseed protein isolate that contains both proteins in equal
amounts. These cruciferin MG have potential applications in beverages and food products.

Additionally, the MG effectively stabilize water in water emulsions by adsorbing at the droplet
surface thereby preventing coalescence. Interestingly, the MG spontaneously slowly form
permanent crosslinks within the layer leading a microcapsule (MC) that resists dilution. This
crosslinking can be accelerated by heating the emulsion at 80°C for only 5 minutes. The size
of the MC can be controlled by adjusting the volume fraction of the dispersed polymer phase
or the concentration of the microgels (see fig). The MC can be washed to remove polymers
and excess protein. They were found to be stable between pH 3 and pH 10 and after addition
of up to least 0.1 M NaCl. They also resist mechanical stress such as vortex mixing, making
them suitable for use as texturizers or carriers for encapsulation.
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Fig. CLSM images (40 x 40 um) of a PEO (10 vol%) in dextran emulsion containing (a) 3 g/L, (b) 14g/L cruciferin MG. The
protein microgels were fluorescently labelled.




Quantitative Magnetic Resonance Imaging to characterize food
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Abstract: On one hand, Magnetic Resonance Imaging (MRI) stands out for its versatility, offering a wide
range of analytical methods. Notably, it enables the characterization of the spatial arrangement of matter at
different scales and the quantification of small-molecule dynamics. On the other hand, food processing is a
crucial step in enhancing the nutritional and sensory quality of food while reducing its environmental impact.
Key processes, such as cooking, drying, and salting, involve deformations, solute transfer, and dynamic
changes in water and sodium interactions with the matrix. Understanding these phenomena is essential for
optimizing processes.

Focusing on salt diffusion in carrots, we demonstrate how guantitative sodium MRI can explain variations in
saltiness based on different seasoning practices. We compared two salting methods: i. adding salt to the
cooking water and ii. sprinkling salt on the plate after cooking, using different salt crystal sizes. The results
show greater salt heterogeneity when salting on the plate and a continuous diffusion of sodium within the
carrot for several hours after salting, regardless of the salting conditions.

This study addressed three main challenges of sodium MRI: i. detecting the weak sodium signal, ii.
obtaining quantitative images, and iii. achieving good temporal resolution.
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Abstract:

In order to prevent the risk of penetration-aspiration in dysphagic patients, aqueous edible gels are one of the
possible options for providing water under a non-liquid form. However, these gels can still be optimized, both
from a sensorial and/or nutritional point of view.

In practice, we have focused on ten different soft gels, obtained by mixing standard gelling polysaccharides of
different natural sources, with or without calcium carbonate. The concentration of the polysaccharides is all set
at the threshold of gelation.

To fully characterize their gelation, viscoelastic, slipping, flow, fracture and aging properties, we performed
various shear and compressional rheological tests. The impact of the processing conditions was also
examined. To better mimic the deformation during oral processing, we conducted an in-depth analysis of the
large amplitude and non-linear regimes in oscillatory shear. As well, a custom-built tribometer, including a
deformable artificial tongue, was also employed.

All these tests demonstrate that, despite being formulated at their onset of gelation, the different polymeric
gelling agents and their mixtures allow for a wide range of rheological properties. These differences in rheology
are then discussed in terms of structural organization within the gels.

In parallel, we performed a sensorial analysis on 17 healthy people trained to quantify 18 descriptors, covering
perceptions before, during and after the oral phase. We then discuss the correlations between rheological and
sensory features, and how formulations could be optimized. Moreover, emulsion gels — with oil droplets — have
been formulated and characterized, opening the prospect of nutritional enrichment.
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Abstract (250 Words Max): There is a growing societal awareness that shifting toward plant-based diets
is crucial for mitigating the adverse effects associated with animal meat consumption. Novel plant-based meat
alternatives that closely replicate the anisotropic structure of animal meat offer a promising solution. High-
moisture extrusion (HME) is a well-established industrial processing method for producing fibrous meat
alternatives from plant proteins in an efficient and scalable manner'. So far, most attempts to control plant
protein structure formation have relied on variations in HME process conditions. Recently, pH shifting has also
been proposed as a cost-effective processing aid. However, the complex mechanisms that determine the
impact of pH-shifting on the final fibrous texture of plant protein extrudates have not been fully understood.
The main obstacle is the lack of multiscale studies that could help elucidate the principles governing structure
formation from the nano- to the macro-structural level.

This talk will present how Small-Angle Scattering (SAS) methods can address these challenges. The primary
focus will be on how the pH-shifting of soy protein concentrate through water feed influences anisotropic
structure formation during HMEZ. It will be demonstrated that pH-shifting has a non-monotonic effect on the
extrudate anisotropic structure at the nm-scale, as determined by SAS. These results will be compared to the
sub-mm information provided by Magnetic Resonance Imaging (MRI). Proposed mechanisms will be
underpinned by SAS measurements on pH-shifted gelated glycinin and B-conglycinin as the two dominant
soy proteins.

Acknowledgments: NWO OTP-TTW program and “Measurement and Modelling of Multiscale Processed
Protein Products” (MP3) project (18744).
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1. Ruud van der Sman & Atze-Jan van der Goot. Current Res. Food Sci., 6 100510 (2023).

2. Sam Kuijpers & Ekaterina Garina et al. Submitteerd to Food Hydrocoll.
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Abstract : (249 Words) Complex fluids often exhibit normal stresses perpendicular to the shear induced by
shear deformation. This phenomenon has been studied extensively in polymer physics. However, it is often
ignored for other soft materials including foods. Despite conventional rheological measurements being
widely used to investigate food hydrocolloids, normal force induced by shear is a completely new subject in
food science. The normal force induced by shear could give lots of information about the nonlinear rheologi-
cal properties of food materials. We know that the normal force response of foods contributes to the
mouthfeel, therefore, understanding the normal response induced by shear in edible materials is a new fac-
tor, important for understanding the sensory perception better. In this talk, | introduce several examples that
normal stress rheology can be used to characterize the nonlinear response of complex food systems from
highly anisotropic soft solids (meat and fibrous meat analogs) to structured multiphase systems such as li-
quid foams, emulsions and slurries. Shear-induced normal force rheology reveals differences in these highly
anisotropic systems that can not be clearly observed based on the results of conventional shear rheology.
This new characterization method could provide a deeper understanding of the structure-function relation in
complex anisotropic food materials. For the meat(alternative) samples, this approach shows that fiber orien-
tation, fiber strength and fiber micro rearrangement under deformation govern the normal response. Un-
derstanding the normal force behavior of complex food materials is also essential to predict their die-swell
after extrusion with diverse applications from food 3D printing to food processing.
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Abstract (250 Words Max):

Texture is an important food sensory attribute, influenced by the mechanical properties of
food which can be perceived in mouth and by the interaction of food with the oral environ-
ment. In this study, we discuss quantitatively the links between the rheological and tribological
properties of some beverages and their texture perception, focusing on thickness, graininess and
sliminess. The results obtained in this study will be interpreted in the context of the recent sci-
entific literature, considering the shearing and squeezing action of the tongue against the palate.

Consistency classifications are commonly used to sort food and drink in view of inferring
their behaviour during consumption. In the second part of this contribution, a theory is pro-
posed to interpret the effect of beverages physical properties (rheology, density and surface
tension) on the consistency classification of thickened beverages to manage swallowing disor-
ders. Clear differences are observed between perceived texture and consistency classification.
These discrepancies can be interpreted in light of their sensitivity to different rheological prop-
erties.
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Figure 1: Tongue-Palate Compression and Shearing
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Abstract: (250 Words Max)

In food applications, fat is a key component influencing texture, mouthfeel, and stability. However, traditional
solid fats contain a high amount of saturated and trans fats, which are associated with health risks. The food
industry needs to replace saturated fat by unsaturated fat or by lowering the fat content on the final product.
One solution is the use of oleogels which is a promising alternative, offering the functionality of solid fats while
incorporating healthier unsaturated fats. Another promising solution is the use of oleofoams. However,
oleofoams are currently produced by using high amount of saturated fatty components forming crystalline
particle, which could be considered undesirable for use in nutritional products. The aim of this study is to
produce and stabilize oleofoams by using a mixture of food-grade surfactant and dairy proteins as particles.
Different types of dairy proteins particles were used to prepare oleofoams with Span80. We compared the
effect of the nature and concentration of the proteins inside the powder, oil type and temperature on the
oleofoam properties. The results showed that the addition of dairy proteins particles increased the oleofoam
stability. The key parameter influencing the oleofoams was particle concentration, rather than protein
concentration. The specific type of protein appeared to have minimal impact; however, the composition of the
dairy powder played a crucial role. When fat or lactose was present, the oleofoams lost their stability. Thus,
by incorporating protein particles, it may be possible to enhance foam stability and improve the nutritional
profile of the product.
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Abstract

The transition from animal-based to plant-based proteins is essential for sustainability, but
incorporating plant proteins into carbohydrate-rich matrices can affect food structuring and the
characteristics of the formed network. This study examines plant protein-starch interactions in
mixed hydrogels during hydrothermal processing. Protein concentrates (50% protein) and isolates
(80-90% protein) from sunflower and lupin were selected and characterized for molecular weight,
secondary structure, gelation, nativity, and surface charge. To explore protein-starch interactions,
wheat (WS) and potato starches (PS) were chosen due to their different molecular architectures
and swelling. Protein-starch mixed hydrogels were processed under high moisture, high
temperature, and low shear conditions and the mixed gels were analyzed for microstructure,
oscillatory rheology, thermal transitions, and water distribution (LF-NMR). Protein isolates delayed
starch swelling due to water competition during denaturation. Furthermore, phase separation
occurred in sunflower protein mixed gels, likely due to its higher 11S fraction, while all proteins
reduced starch retrogradation by limiting moisture redistribution. Proteins richer in 7S globulins and
native-less purified concentrates, due to their fiber content, improved water retention. Rheological
experiments suggested starch-starch interactions primarily drove storage modulus (G’), with
variations dependent on protein and starch type. In PS gels, lupin protein addition increased G’
more than sunflower, while in WS gels, sunflower proteins had a higher G’ than lupin, regardless its
purity. All protein-mixed gels increased tan(d), forming weaker viscoelastic gels. These findings
highlight the importance of protein-starch-water interactions in food structuring and underscore the
need of understanding protein characteristics to optimizing network formation.
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Abstract:

Casein, the predominant protein in milk, forms spherical colloidal complexes known as casein micelles. This
report discusses the dissociation and textural changes of micellar casein (MC) in agqueous suspensions
induced by adding trisodium citrate (TSC) or trisodium orthophosphate (TSP). Dissociation was studied by
measuring the turbidity at MC concentrations between C =1 wt% and 5 wt%. The rheological behaviour and
the microstructure was investigated between C = 8 wt% and 14 wt%. The effects of the pH (5.8-7) and
ageing up to 1 week were considered. It was found that TSC chelates calcium bound to MC promoting
dissociation to an extent that depended on the weight ratio R of TSC over MC independent of the casein
concentration. At pH 5.8, the viscosity increased as the MC dissociated and became similar to that of
sodium caseinate (SC). However, at pH 7 a huge increase of the viscosity adding relatively small amounts
of TSC (R = 0.15) to values much larger than that of SC. At larger R it decreased again to values close to
that of SC. This remarkable increase became less important during ageing, upon decreasing the pH, or after
dilution and disappeared after one week, at pH 5.8 or at C = 8 wt%.

Larger amounts of TSP were needed to dissociate the MC. An increase of the viscosity was also observed
after adding TSP, but, contrary to the case of TSC, the presence of TSP at larger R led to the formation of a
gel at C = 14 wt%, embedded within a viscoelastic matrix. This gel modulus appears to decrease with
increase pH and time.

This study provides insights into how melting salts like TSC and TSP can induce a dissociation and textural
changes in suspensions of casein micelles, highlighting their role in controlling microstructural and
rheological properties. These findings have implications for designing dairy products.
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Abstract : Colloidal gels undergo a phenomenon known as physical aging, i.e., a continuous change of their
physical properties with time. To date, most of the research effort on aging in gels has been focused on
suspensions of hard colloidal particles. In this work, we tackle the case of soft colloidal “micelles” comprised
of milk proteins, in which gelation is induced by the addition of an enzyme. Using time-resolved mechanical
spectroscopy, we monitor the viscoelastic properties of a suspension of colloidal micelles through the sol-gel
transition and subsequent aging. We show that the microscopic scenario underpinning the macroscopic aging
dynamics comprises two sequential steps. First, the gel microstructure undergoes rapid coarsening, as
observed by optical microscopy, followed by arrest. Second, aging occurs solely through a contact-driven
mechanism, as evidenced by the square-root dependence of the yield stress with the elastic modulus
measured at different ages of the gel. These results provide a comprehensive understanding of aging in
enzymatic milk gels, crucial for a broad range of dairy products, and for soft colloids in general.
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Abstract : Wheat bran is one of the major by-products of the wheat processing industry. It is mostly
composed of structural polysaccharides (60%), from which arabinoxylan (AX) is one of the most abundant
ones representing 20-40% of the total content[1,2]. AXs have different functional and nutritional properties
making them a molecule of interest [3]. In previous works, different methods have been developed to extract
AXs and other molecules. However, these processes usually have low extraction yields [4, 5], which is
related to the recalcitrance of the cereal cell walls caused by the complex physicochemical interactions
between the molecular components. To help understand the origin of the recalcitrance, we have performed
a study of the changes in wheat bran after being subjected to different AX chemo-enzymatic extraction
methods using a combination of chromatography techniques, fluorescence microscopy, and X-ray
tomography. The integration of such biochemical and biophysical approaches contributes to a detailed
understanding of the heterogeneous localisation of the wheat bran components after different wet
processes, which will help us to improve wheat bran processing towards new functional and healthy food
ingredients.
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Abstract: Citric acid esters of mono- and diglycerides (CITREM E472c) are commonly used in the food
industry as emulsifiers, in products like infant formulas, beverages, seasonings, ice cream coatings, and frying
margarine. Recently, CITREM has been shown to produce stable aqueous foam [1], yet its potential for oil
foam production remains unexplored. Due to its unique chemical structure, which includes free hydroxyl
groups and solubility in vegetable oils, CITREM is a promising candidate for this application. In this study, we
evaluated the formation of foam in different vegetable oils (i.e., sunflower oil, olive oil, sesame oil, flaxseed,
and middle chain triglyceride oil) using CITREM as a surfactant. Initially, we determined the phase diagram
of CITREM to identify the solubility limit and the temperature at which CITREM crystals form. Qil foams were
then produced at a fixed temperature (60 °C) above the melting point, ensuring no crystals were present, to
examine the effect of surfactant concentration on the foaming behavior. The influence of crystal formation on
foam stability at different temperatures was also studied. To understand the mechanisms behind foam
formation and stabilization, we combined macroscopic foam observations with optical microscopy and
SAXS/WAXS to examine the self-assemblies at the nanoscale. Our results demonstrated that CITREM
surfactants stabilized oil foam similarly to sucrose ester and sorbitan ester surfactants. This confirms that the
key factor in forming vegetable oil foams is using a lipophilic surfactant with free hydroxyl groups capable of
forming hydrogen bonds with the triglycerides in the oil.

Vegetable oil Storage conditions

Oleofoam

CITREM Freezer (-20 °C) Room temperature (20 °C) Oven (60 °C)
Foamstability >> 6 months Foamstability >> 6 months Foamstability: 4 days
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Abstract : (250 Words Max)

Among cereals, oats have a high protein content of which the majority (>80% of the proteins) are 12S
globulins. Oats are increasingly being used for the production of various liquid and semi-solid foods, such as
dairy alternatives. Studying the colloidal state of oat proteins in aqueous systems is crucial for understanding
their stability and functionality in these type of foods. Here, solutions containing mostly native, unaggregated
oat proteins were prepared starting from an in-house produced oat protein isolate (OPI) derived from non-
heat-treated oat groats. Then, the impact of storage time (0-72 h) and temperature treatment (10-90 °C) on
the colloidal state of the proteins in these solutions was investigated using a combination of
spectrophotometry, confocal microscopy and light scattering. Interestingly, it was observed that OPI solutions
(2.0% wprotein/V) Were colloidally unstable at 20 °C, gradually aggregating over time. However, heating such
OPI solutions at 90 °C induced dissociation of (aggregates of) 12S globulins and formation of stable protein
structures. This effect was found to be reversible upon cooling and larger protein structures were re-formed.
In contrast, after extended storage of OPI solutions at 20 °C for 72 h, heating at 90 °C resulted in the formation
of a gel-like structure, an effect that could not be reversed upon cooling. It is thus clear that the colloidal state
of oat proteins depends strongly on the interplay of the applied storage time and heat treatment. Our findings
contribute to understanding the stability and functionality of oat proteins in liquid and semi-solid foods.
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Abstract : In the current protein transition, plant proteins have been extensively studied; however, their
compositions are typically complex, and the direct relationships between composition, structure, and
functional properties remain unclear. To investigate the impact of compositional and structural differences on
plant protein properties, we focused on common bean (Phaseolus vulgaris L.), the most widely consumed
legume worldwide. Proteins were extracted from three commercially available common bean varieties—red
kidney bean, black turtle bean, and pinto bean. Proteomics analysis revealed that the primary component in
all three varieties was a 7S globulin, phaseolin, and extracts had nearly identical protein compositions.
Interfacial rheology at the air-water interface demonstrated no significant differences in adsorption kinetics or
dilatational moduli among the three proteins, indicating the formation of solid-like interfaces with similar
stiffness. However, Langmuir-Blodgett deposition combined with AFM revealed that all three proteins formed
a unique strand-like structure at the interface, though different surface pressures or aging times were required
to achieve these structures. More surprisingly, foam stability also showed significant variation, with the foam
half-life time of black turtle bean globulin reaching 25.3 hours, over 3.7 times that of the other two proteins.
These findings suggest potential structural differences among the protein extracts despite their nearly identical
composition, which are insufficient to cause differences in interfacial rheology but can influence the formation
of interfacial structures and foamability. This study provides new insights into the link between protein structure
and interfacial properties, contributing to the understanding of plant protein functionality.




