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Wine is an hydroalcoholic solution of salified 
organic acids, colouring compounds and aromas. 

Water 75-90% (m/V)

Ethanol 8.5-17% (m/V)

Other compounds

Why study water and ethanol ?

Vertical storage
Vapour phase contact 

Horizontal storage
Liquid phase contact 
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State of the Art: characterisation of the compressive behaviour of cork

Quasi-static compression test

Lequin et al. Sorption equilibria of ethanol on cork, 
Journal of Agriculture Food Chemistry, 2013
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Lagorce-Tachon et al. Mechanical properties of 
cork: Effect of hydration, Materials & Design, 2015

5

10

15

20

25

30

35

0 20 40 60 80 100

 
 

  

  El
as

tic
 m

od
ul

us
 (M

Pa
)

RH storage (%)

Ethanol

So
rb

ed
 q

ua
nt

ity
 n

a  
(m

m
ol

.g
-1

 c
or

k)

Max 7 % (m/m)

0 10 20 30 40 50 60
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6
Ethanol sorption

Pressure (hPa)

Factors: cork origin, growth rate, density, porosity, anisotropy, temperature, 
hydration state, ethanol, ageing 

Mechanical ageing of cork stopper ?
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98% RH

90-10% v/v water-ethanol

Ethanol

Materials and methods

25°C Vapour phase

3 to 12 months
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a
b
c

Methods
Quasi-static compression test (QS)

Progressive Repeated Loading test (PRL) with cycle repetitions (a, b, c)

Compression along the 
tangential direction
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Stored energy (W): evolution of the cork mechanical response over time

Unloading

Loading

PRL parameters
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QS: determination of the elastic modulus of cork
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At 3 months of storage:
ethanol vapour: stiffening

At 12 months of storage:
Ethanol vapour: reduction in stiffness
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∆𝑊𝑊𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡=
𝑊𝑊12 −𝑊𝑊3

𝑊𝑊3
× 100

PRL: relative variation of stored energy
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Structural modification of cork cell wall
Microscopic scale?  SEM
Molecular scale?

W

ΔW
 (%

)

Water vapour
1        2      3       4      5

Comparison by each cycle repetition
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Ethanol vapour (25°C)
compressed

Water vapour (25°C, 53% RH)
compressed

Water-ethanol vapour (25°C, 53% RH)
compressed

Scanning Electron Microscopy observations: natural cork 

Reference (25°C, 53% RH)
Not compressed
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No difference between 
reference and aged samples 
after 12 months of storage

20 µm 20 µm

20 µm

SEM observations: UTINAM platform 

20 µm
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Conclusions
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   Ageing
Water

3 12 3 12

Ethanol
From Quasi-static 
compression test

Elastic modulus

(instantaneous 
mechanical response)

From Progressive 
Repeated Loading test

 Ageing

Water (ΔW ~ 15%)

Ethanol
(ΔW ~ 40%)

0 %

Relative variation of 
storage energy

(mechanical response 
over time)

Hypothesis: influence on the long-term performance of the 
cork–bottleneck system (mechanical and barrier properties)

Ethanol accelerated the mechanical 
ageing of cork compared to water in 

the same period of storage
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Thanks for your attention
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