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Academic Background Scientific context Key results Take home message

Cocoa

Semolina

Carbohydrates

Milk 

Spices 
Flour

Coffee

Storage

Transport Ease of 
use

Handling

Plant-based

Raw material

Size reduction processesDrying processes

Food powders

Spray drying

Freeze drying

Grinding

Attrition

Crushing

Reconstitution

Bhandari et al., (2013)
Schuck, (2013)
Hedegaard & Skibsted, (2013)

Bhandari et al., (2013)
Chen & Patel, (2008)
Islam & Langrish (2013)

Baudelaire et al., (2013)
Cuq et al., (2013)
Ratti et al., (2013)

Storage
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Glassy state Rubbery state

Glass transition temperature 
(Tg)

Ronkart et al., (2009); Roos, (2006); Fitzpatrick et al., (2007)

Palzer, (2007)

Young modulus evolution with temperature

T < Tg T > Tg

Environmental variations

Plasticizing effect of water

T>Tg

Free volume
Molecular mobility

(Chen et al., 2022)

Glassy Rubbery

Effect of Mw

• Relationship Molecular weight - Tg 

Flory-Fox equation

𝑇𝑔,𝑠 = 𝑇𝑔,𝑠
∞ -

𝑎𝐹𝐹

𝑴

(Fox & Flory, 1950; Siemons et al., 2022)

Tg

High Mw Low Mw
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Glassy state Rubbery state

MACROSCALE

SURFACE

Reconstitution Reconstitution
Flowability Flowability

Individual particles
“Free-flowing”

Caked particles
“Cohesive”

?

Dupas et al., (2023)
Gaudel et al., (2022)

Ong et al., (2017)
Fitzpatrick et al., (2017)
Fournaise et al., (2020)

Sharma et al., (2012)
Juarez-Enriquez et al., (2022)

PARTICLE
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Single 
Particle

Reconstitution properties

Good reconstitution
properties

Poor reconstitution 
properties

Carbohydrates

Proteins Lipids Other organic and 
inorganic 
components

Chemical 
composition

Manufacturing 
and processing

Surface

Physical 
properties

Reconstitution shear rate dependent (Glassy; T<Tg)

Reconstitution shear rate independent (Rubbery; T>Tg)

Gaudel et al., (2022)

Crowley et al., (2016)
Forny et al., (2011)
Fournaise et al., (2021)



DE 4-7 DE 12 DE 16.5-19.5

> DE 20 
(syrups)

Dextrose Equivalent (DE) value

Maltodextrins

Polymer lenght 
chain

Hygroscopicity

Viscosity

Crystallization
prevention

Sweetness

Sports products Ice creams and candies Food powders systems

6

Low DE Intermediate DE High DE
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10 µm

Surface

Particle

Powder

2 µm

Functional properties
Functional properties

Temperature Humidity

MULTISCALE STUDY OF GLASS TRANSITION 
IMPACTS ON MALTODEXTRIN POWDERS 

PROPERTIES AND FUNCTIONALITIES
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Surface

Powder

2 µm

Functional properties
Functional properties

Temperature Humidity

MULTISCALE STUDY OF GLASS TRANSITION 
IMPACTS ON MALTODEXTRIN POWDERS 

PROPERTIES AND FUNCTIONALITIES

What are the links between particle surface features 
and powder reconstitution, at the interplay of glass 

transition ? 
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Surface

2 µm

MULTISCALE STUDY OF GLASS TRANSITION 
IMPACTS ON MALTODEXTRIN POWDERS 

PROPERTIES AND FUNCTIONALITIES

How does single particle surface properties evolve
with environmental variations (RH, T°C) and glass 

transition ? 

Temperature Humidity
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Low DE
Intermediate DE
High DE

GLASSY 

RUBBERY

Macroscale

EXPERIMENTAL CONDITIONS ?

Differential Scanning Calorimetry (DSC)
Glass transition temperature (Tg) determination

Onset Tg
88.82°C Midpoint

96.64°C

Endset Tg
104.41°C
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Crowley et al., (2016)
Forny et al., (2011)

Reconstitution steps of a food powder

Mitchell et al., (2015)
Fournaise et al., (2020)

Complete solubilization

Reconstitution kinetic of a food powder
Fournaise et al., (2020)

Wetting
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Flex Axiom, Nanosurf

Controller 
feedback system

Powder particles

Photodetectors

Laser diode

AFM Tip

3D Surface topography

Mechanical properties

Yo
u

n
g m

o
d

u
lu

s

AFM working principle

ATOMIC FORCE MICROSCOPY
(AFM)

Piezo-scanner

Dûfrene, (2002), Burgain et al., (2017); Eaton & West, (2010); Joshua et al., (2023)
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Surface scale

Nanoindentation by AFM
Young modulus characterization

AFM nanoindentation 
experiment

Approach

Retraction
AFM 

cantilever

Maltodextrin 
single particle

0

Fo
rc

e 
(N

)
Distance tip-sample (m)

Young modulus calculation thanks 
to the approach curve

Force distance curves recording and 
Young modulus determination

Highly resolutive elasticity mapping 
(32*32 pixels) for single particles

Yo
u

n
g M

o
d

u
lu

s (G
Pa)

1
0

 µ
m

10 µm

Calculation of the Young modulus value thanks to the approach
curve and to the choice of an appropriate model

Hertz, (1882); Cardenas-Perez et al., (2019); Burgain et al., (2016) 
Hooke’s Law

F = -kc d

0

10

Hertz theory
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Surface

Powder

2 µm

Functional properties
Functional properties

Temperature Humidity

MULTISCALE STUDY OF GLASS TRANSITION 
IMPACTS ON MALTODEXTRIN POWDERS 

PROPERTIES AND FUNCTIONALITIES

What are the links between particle surface features 
and powder reconstitution, at the interplay of glass 

transition ? 
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Reconstitution kinetics
GLASSY vs RUBBERY

Macroscale

Effect of the DE

Decrease of reconstitution 
time for        DE

Dupas et al., 2017

Effects of the shear rate

Effects of glass transition

Enhanced wetting step

Surface hydration ?

Glassy 
Rubbery

Low DE

Intermediate DE

High DE

Glassy 
Rubbery

Glassy 
Rubbery
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Siemons et al., (2021)

Low DE

Intermediate 
DE

High DE

Surface scale

Surface topography 
and roughness Glassy state

Z: 1.5 µm

16

128.83 ± 25.36 nm

12.36 ± 5.59 nm

79.09 ± 26.56 nm
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Rubbery state Surface scaleGlassy state

Z: 1.5 µm

Intermediate 
DE

Low DE

High DE

Tg

GLASSY

RUBBERY

128.83 ± 25.36 nm

12.36 ± 5.59 nm

79.09 ± 26.56 nm 6.19 ± 5.34 nm

8.70 ± 2.30 nm

7.82 ± 4.45 nm
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Surface scale

Intermediate DE

Glassy state Rubbery state

Young modulus
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Surface scale

Low DE

Intermediate 
DE

High DE

Glassy state Rubbery state
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Yo
u

n
g 

m
o

d
u

lu
s

?

GLASSY RUBBERY

QUESTION 1

What are the links between particle 
surface features and powder 

reconstitution, at the interplay of glass 
transition ? 
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Surface

2 µm

MULTISCALE STUDY OF GLASS TRANSITION 
IMPACTS ON MALTODEXTRIN POWDERS 

PROPERTIES AND FUNCTIONALITIES

How does single particle surface properties evolve
with environmental variations (RH, T°C) and glass 

transition ? 

Temperature Humidity
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Environmental AFM
In situ properties of single particles

3D Surface topography and 
roughness

Mechanical properties

Yo
u

n
g m

o
d

u
lu

s

22

Flex Axiom, Nanosurf

EXPERIMENTAL CONDITIONS ?

Surface scale
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Environmental AFM
In situ properties of single particles

Surface scale

Low DE High DEIntermediate DE
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Surface scale

80 % RH

60 % RH

40 % RH

20 % RH

G
la

ss
y 

st
at

e

132.81 ± 43.46 nm

140.53 ± 43.30 nm

132.58 ± 52.97 nm

140.05 ± 47.98 nm

20°C

50°C

40°C

30°C

20°C

z : 1.5 µmz : 1.5 µm

20% RH

RUBBERY ?

Low DE

49.18 ± 7.34 nm

47.37 ± 8.28 nm

47.42 ± 14.71  nm

50.26 ± 9.32 nm
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RUBBERY 

Low DE

Surface scale

8.11 ± 2.05  nm

53.54 ± 14.22 nm

51.59 ± 15.12 nm

45.50 ± 18.24 nm

1.5 µm
80 % RH

60 % RH

40 % RH

20 % RH

50°C

G
la

ss
y 

st
at

e
R

u
b

b
er

y 
st

at
e

80% RH

50°C

40°C

30°C

20°C

1.5 µm

2.48. ± 0.62 nm

2.86 ± 1.23 nm

2.83 ± 0.99 nm

2.73 ± 1.49 nm

Nanomechanical 
Properties ?



Academic Background Scientific context Key results Take home message

26

RUBBERY ?

Low DE

80 % RH

60 % RH

40 % RH

20 % RH

G
la

ss
y 

st
at

e

20°C

50°C

40°C

30°C

20°C

20% RH

Surface scale

20

0

Yo
u

n
g 

m
o

d
u

lu
s 

(G
Pa

)

20

0

Yo
u

n
g 

m
o

d
u
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s 

(G
Pa

)
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RUBBERY 

Low DE

80 % RH

60 % RH

40 % RH

20 % RH

G
la

ss
y 

st
at

e

50°C

50°C

40°C

30°C

20°C

80% RH

Surface scale
20

0

Yo
u

n
g 

m
o

d
u

lu
s 

(G
Pa

)

20

0
Yo

u
n

g 
m

o
d

u
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s 
(G

Pa
)

R
u

b
b
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28GLASSY RUBBERY

G
P

a

How does single particle surface properties evolve
with environmental variations (RH, T°C) and glass 

transition ? 

QUESTION 2
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Conclusion and new prospects


