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D.O.Ca. Rioja: 1.300.000 of barrels



Influence of the barrel on the sensorial 
evolution of wine:

 Ph. extraction

 V. extraction

 Oxygenation

 Microorganism

 Color stabilization

 Ch. sterification

 Polimerization

 Tannin softening

 Stabilization



Grapes Vinification
Fermentation

Ageing

Bottling

They can occur in all stages of the vinification





 Control and dominate the hygiene of 
containers of wine allows:

 Eliminate the risk of chemical contamination;

 Reduce the risk of microbiological contamination;

 Maintain favorable changes in stabilization or 
improvement in the quality of the wines throughout 
the aging process and in particular for its aging in 
wood.



Stainless steel Wood

1 m2 stainless steel after polishing = 1,1 m2 of develepped surface
1 m2 of brushed stainless steel= 2 m2

1 m2 of wood surface= 5 a 8 m2





Wood surface after rinsing

Yeasts: Brettanomyces sp. Bacteria: Acetobacter aceti



 A-. Rinsing
 B-. Cleaning
 C-. Disinfection
 Disinfection is not equivalent to 

sterilization (total elimination of germs)



Macroscopic little or not adhering to the
surface stains removal

Macroscopic little or not adhering to the
surface stains removal

A- Rinsing:A- Rinsing:
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Use effective, high caudal spray tubes and sufficiently long 
treatment time

¡Rinse tubes, work with low or medium pressure
(2-15 bars) and with cold water, with flow rates that may vary between the10  and 

45 L/min. It only allows the Elimination of most runner stains or waste from 
cleaning products, either by dissolution or by its physical trawling by the current!



RinseCleaning
CristalsCristals

Colouring matterColouring matterColouring matter



Elimination of adhered stains and 
germs through action by mechanical 

and/or chemical detergents

B- Cleaning:B- Cleaning:
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 Use of hot water (65-85 °C):
 It accelerates and increases the effectiveness of the cleaning 

process;
 The temperature should be adapted to the possible presence 

of cleaning products.
 Use of high pressure (100-120 b):

 Mechanical action on incrusted deposits;
 Risk of destruction of the wood structure, whether < 120 b;
 It needs the use of multidirectional high pressure wash heads, 

adapted to cover the entire surface of the barrel in a short time 
and with the minimum possible of water consumption (15 L/min 
during 90’’ in a complete simple washing cycle).

Patente Ekinsa



Stain composition Solubility Facilidad de 
limpieza Detergent features

featuresluble sugars Hight in water Very easy Not neccesary

Insoluble
Polissacharydes,

Polygalacturonates
(pectins)

Weak Little easier Dispersing power
(surface-active)

Proteins Weak Little easier Moderately alkaline
dispersing power

Mineral salts
Organic-Methalic salts

(tartrates)

Low in water
Easy in acids

Very easy in alkaline
Difficult

Moderate to strong
Alkaline or strong acid
+ Complexing power

Complex polyphenolic
precipitates

Insoluble in water
Low or moderate in

alkaline
Very dificcult

Moderate to strong 
alkaline + dispersing 

power
(surface-active)

Some stain removal may be easier using certain chemical agents. The choice of these 
agents depends on the type of stains.

¡Not all available chemical agents can be used with wood!



 In the wood, even the most effective cleaning is superficial. It is 
impossible to really clean the wood apart from 0.5 to 1.5 mm. depth 
simply with water, even at high pressure. 

 The detergent action speeds up cleaning helping to descale
deposits present in opened micro-pores of the staves in barrels.

 But detergents under no circumstances should penetrate too 
deeply into the wood, in such case it would be impossible to ensure 
their total elimination through rinsing.

 The detergent action should, therefore, confined to the surface of 
the staves for barrels and penetration in no case exceed 2-3 mm.



Destruction of viable germs to reduce 
residual populations through depth chemical 

and/or physical action

C- Sanitation or Disinfection:C- Sanitation or Disinfection:
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 Yeasts
 Aerobic: vail forming

○ Hansenula
○ Pichia…

 Anaerobic:
○ Saccharomyces
○ Zigosaccharomyces
○ Brettanomyces

 Bacteria
 Aerobic:

○ Acetobacterias
 Anaerobic: lactic

bacteria:
○ Leuconostoc
○ Pediococcus
○ Lactobacilus



 Chemical disinfection:
 Acidifying agents = sulphur dioxide
 Oxidant  agents:

○ Halogenated agent = ¡ unusable in the cellar !
○ Peroxides
○ Permanganate
○ Ozone

 Physical disinfection:
 Heat treatments:

○ Hot water
○ Steam water
○ Electro-magnetic pulses treatment

 Ultrasounds
 Microwaves
 Dry ice





1- Use of sulphur
dioxide:
1- Use of sulphur
dioxide:
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 In liquid form (in wine):
 Solution of sodium metabisulfite.

 In gaseous form (on wood and wine):
 Combustion of sulphur: pads or wicks (x2).
 Use of liquefied gas.



Conditions of
addition of

sulfites
Measured parameter t =0 t = 3 months t = 4,5 months

Pads of 7,5 g
of sulphur per

barric

Free SO2 (mg/l)
Brettanomyces/ml
Ethyl-phenol (µg/l)

22
6

285

16
0

285

13
1

293

Pads of 5 g of
sulphur per

barric

Free SO2 (mg/l)
Brettanomyces/ml
Ethyl-phenol (µg/l)

14
6

285

11
0

285

8
0

288

Sulphurous
solution added
directly to wine

2g/hL

Free SO2 (mg/l)
Brettanomyces/ml
Ethyl-phenol (µg/l)

13
6

285

10
510
296

6
1200
652

¡The efficiency is higher when the SO2 is applied on clean wood !



 The use of oxidizing too 
powerful can alter the 
composition of the wood.

 Oxidants halogenated 
(brominates and chlorinated) 
must be banned because of 
the risk of formation of halo-
anisols from halogen phenols 
precursor such as 2,4,6-
trichloroanisol (TCA) and 
2,4,6-tribromoanisol (TBA).

Oxidant agent

Flúor Fr2

Free radicals hydroxyle 
HO°

Oxygen athom O°

Ozone O3

Permanganate Mn04-

Acid hipobromide

Chloride dioxide Cl02

Acid hypochloride

Chloride Cl2
Oxygen O2

Bromine Br

Hypochlorite HClO

Oxidant 
power (V) 

3.06 

2.80 

2.42 

2.07 

1.67 

1.59 

1.50 

1.49 

1.36 

1.23 

1.09 

0.94 

Comparative oxidizing power:



2- Ozonated water:2- Ozonated water:
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Mouldy wood. 

Before After



 Ozone is a highly oxidizing, is a toxic gas (limits of exposure in the gas 
phase of 120 µg/m3/24h, 200 µg/m3 in the workplace, 400 µg/m3/h toxicity 
threshold) and explosive. 

 Its use is only possible after dissolution in cold water at the exit of 
download cell to produce a solution of active ozone containing between 2 
y 5 mg/L.

 Ozone produces a rapid disinfection at neutral pH by direct action of the 03
and their degradation products in the water, in particular free radicals O°
and HO°.



 Ozone is only a disinfectant (fungicide and bactericide), it 
has not cleaning properties.

 In the light of its mode of action, it is essential to use it on 
surfaces perfectly clean to be disinfected.

 The use of ozone is a perfectly efficient technique for cold 
disinfection of vats of stainless steel, resin epoxy, pipes, 
bottling lines…

 But its efficacy is negatively affected by organic matter. 
In the case of containers of wood, the surface to be treated 
is organic, it reacts partially with ozone limiting its action, in 
particular, in depth.   



Población en 
u.g./mL

Bacterias 
Acéticas Lactobacillus Pediococcus Brettanomyces Zygosaccharo

myces bailii
L. Normal 230 nd nd nd nd

L. Normal + O3 370 nd nd nd nd

PCR real time in washing waters of barrels

Selective action



Tipo de Tratamiento u.f.c./mL
Barrica A1-1 (S. Lavar) 520
Barrica A1-2 (L. Normal) 276

Barrica A2-1 (S. Lavar) 480

Barrica A2-2 (L. Normal) 35

Barrica A2-3 (Ozono 80%-180'') 8
Barrica D1-1 (S. Lavar) 200

Barrica D1-2 (L. Normal) 74
Barrica D2-1 (S. Lavar) 62

Barrica D2-2 (L. Normal) 94

Barrica D2-3 (Ozono 65%-180'') 6
Barrica M1-1 (S. Lavar) 75

Barrica M1-2 (L. Normal) 84
Barrica M2-1 (S. Lavar) 98

Barrica M2-2 (L. Normal) 110

Barrica M2-3 (Ozono 65%-90'') 17

Trial of treatment with 
ozone:

Production of 48 g. de 
ozone/hour, 3 ppm in 
water (sufficient).

-. Barricas A: O3 at 80 % 
during 180’’ (5 ppm)
-. Barricas D: O3 at 65 % 
during 180’’ (3 ppm)
-. Barricas M: O3 at 65 % 
during 90’’ (3 ppm)

PCR real time in 
washing waters of 
barrels



Tipo de Tratamiento Ac. Etilo 
(mg/L) 4-EF (µg/L) 4-EG (µg/L) TCA (ng/L) TeCA (ng/L) TBA (ng/L) PCA (ng/L)

Barrica A1-1 (S. Lavar) 7,9 62 2,6 0,48 0,05 11 2,5

Barrica A1-2 (L. Normal) 3,5 41 1,8 0,22 0 0,9 0,8

Barrica A2-1 (S. Lavar) 9,4 53 1,2 1 0,28 18 3,9

Barrica A2-2 (L. Normal) 3,5 39 1,4 0,21 0 1,3 1,4

Barrica A2-3 (Ozono  80%-180'') 3,4 36 2,1 0 0 0 1,2
Ac. Etilo 
(mg/L) 4-EF (µg/L) 4-EG (µg/L) TCA (ng/L) TeCA (ng/L) TBA (ng/L) PCA (ng/L)

Barrica D1-1 (S. Lavar) 9,7 57 0,5 2,5 0,2 18 2,9

Barrica D1-2 (L. Normal) 1,3 23 0,3 1,2 0,5 36 1

Barrica D2-1 (S. Lavar) 9,8 61 1 1,3 0,19 13 2,5

Barrica D2-2 (L. Normal) 4,1 40 1,4 0,34 0 3,1 1,1

Barrica D2-3 (Ozono 65%-180'') 2,5 30 1,6 0 0 0 1,7
Ac. Etilo 
(mg/L) 4-EF (µg/L) 4-EG (µg/L) TCA (ng/L) TeCA (ng/L) TBA (ng/L) PCA (ng/L)

Barrica M1-1 (S. Lavar) 17 67 2,9 0,6 0 21 2,3

Barrica M1-2 (L. Normal) 4,1 35 1,5 0 0 1,9 0

Barrica M2-1 (S. Lavar) 16 61 2,7 0,8 0 20 2,1

Barrica M2-2 (L. Normal) 2,2 36 1,5 0,27 0 9,1 1,5

Barrica M2-3 (Ozono 65%-90'') 3,7 29 1,9 0 0 0 1,5

Gas Chromatography and Masses Spectrometry (GCMS) in 
water washing of barrels



3- Heat treatments:3- Heat treatments:
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 Has hot water disinfectant action while 
cleaning?

 Thermal disinfection in depth:
 Use of water vapor.



0

10

20

30

40

50

60

70

80

90

100

0 200 400 600 800

Tiempo en segundos

Te
m

pe
ra

tu
ra

 e
n 

ºC
 e

n 
ºC

 - 6 mm

0 mm

Polinómica ( -
6 mm)

The mobile hot water washing 
machine with compressor can 
produce water at 80-90°C between 
80 and 300 bars.

¡The use of higher temperatures is 
illusory because in such a case the 
flows are very weak!. Presure of 
100-120 b is respectful enouhgt 
with wood.

¡This device allows to clean without 
detergents and disinfect the 

surface; the disinfectant efficacy is 
limited in depth due to the 

temperature increase is too slow! 

 There is dilation of the wood and 
improves its sealing



S1 : temperature of air in the barrel
S2 : temperature at 5 mm. in the wood

S3 : temperature at  15 mm.
S4 : temperature at  25 mm.

Datos C. DURET ™ - VAPOCLEAN ®

* from the output of the generator up to  the 
entrance to the barrel takes 3 minutes in arriving at 
this temperature, keep 3 minutes more, watch out for 
more than 10 min. (forming blisters)



Población Sin Vapor Con Vapor

Bacterias 15 nd
Bacterias 4 nd
Levaduras nd nd

Growth in specific 
culture media from 
washing waters of 
barrels





4- Ultrasounds:4- Ultrasounds:
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Before After



 Gets a sonotron within the barrel filled with recycled water (60°C); 
 The ultrasounds (150 kHz) produce high pressures at the microscopic level on the 

surface of the wood at first millimetres (>2.000 bars) by cavitation of water, 
eliminating the compounds that permeate the wood and destroying the 
microorganisms in the same time (disinfection)).
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u.g./gramo
Bacterias 
Acéticas Lactobacillus Pediococcus Brettanomyces

Zygosaccharo
myces bailii

Lote C36 82 10 0 330 0

Lote C36 (3 min y 65ºC) 44 120 0 0 0

Lote C72 830 650 0 0 0

Lote C72 (3 min y 65ºC) 18 26 0 0 0

Lote B36 260 7600 0 3200 0

Lote B36 (10 min y 65ºC) 40 280 0 65 0

Lote B72 45 9800 0 0 0

Lote B72 (10 min y 65ºC) 71 2000 0 0 0

Lote A36 420 980 0 67 0

Lote A36 (20 min y 65ºC) 0 0 0 0 0

Lote A72 170 370 0 0 0

Lote A72 (20 min y 65ºC) 69 92 0 0 0

PCR rt in washin water



PCR rt



5- Dry ice:5- Dry ice:
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 The thermal contrast between the wood and dry ice(-80°C) and the 
absence of water use (dry processing) allow to remove all 
compounds precipitated in the surface of the wood.

 It is needed to get out one of the two funds in order to access to the
inner surface of the barrel and working with many ventilation to not
garner the carbonic gas.

 Quite efficient and fast, but also expensive and does not 
guarantee disinfection at the level of the surface renewal of the 
barrel in the depth of the staves.



6- Mechanical
cleaning by scrubbing:
6- Mechanical
cleaning by scrubbing:
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 1. It combines scrubbing by projection of a natural abrasive 
and two sterilization treatments, using steam and sulfur 
dioxide: The mineral is Project at variable pressure Depending on 
the barrel's condition (clogging, age, origin of the wood, etc.).. The 
aim is to preserve the initial toasting, as far as possible. Treatment 
is carried out on a thickness ranging between 0,2 y 0,4 milímetros.

 2. Asepsia without dismantling the staves or heads:
- Physical procedure by removing organic deposits and minerals: 
sarros, sulphite, color matter, colloids, etc, as well as the film of 
microbial flora in surface (moulds, bacteria, and yeasts like 
Brettanomyces bruxellensis...).
- Dry steam kills microorganisms to denature cell  membranes 
proteins.
- Pressured gas sulphur that penetrates the pores continues to 
be effective for two months. :



Influence of different modes of cleaning and 
reconditioning of American barrels on the same 
wine Cabernet sauvignon



Efecto del método Barena sobre el 3º vino de 
crianza en barrica de roble americano 
comparado con barrica sin tratar.



7- Microwaves:7- Microwaves:
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 The use of microwave radiation 
allows the heating of the wood 
through the excitement of water 
contained in the material, even at 8 
mm of depth.

 Wavelength and frequency 
selection allows to heat the wood 
from the center of the staves with 
little energy and very low water 
comsumption.

 Wave guides and the rotation of the 
barrel allow uniform irradiation in a 
metallic Faraday box reflecting 
waves.



Evolution of the power and the temperature of the staves



Populations of Lactobacillus in staves measured by real-time PCR



Population of Brettanomyces in staves measures by means of selective cultivation



Treatments types INCONVENIENTS ADVENTAGES

Sulphur
Limited action, formation of 

sulfites, long time of 
action, unstable (wick)

Good conservation of the 
wine. Active in front of acetic 

bacteria

Ozonated water

Intermediate and 
superficial action. 

Reactivity with organic 
matter.

Easy application. It is a good 
disinfectant. Elimination of 

anisoles

Water vapor Long times. Thermal 
inertia of the wood

Very friendly (time). Good 
disinfectant agent. 

Economic

Ultrasounds
Waste of water and 

energy, time of application, 
investment

Easily remove tartrates. 
Active at surface and 

intermediate lavel. Very 
friendly with wood

Microwaves (p. 
electromagnetics)

It disinfects but not 
cleaned. Not available at 

the industrial level

Good biocide product. It 
attacks from inside to 

outside. Harmless for wood



Automated systems for 
cleaning barrels:
Automated systems for 
cleaning barrels:
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www.ekin-sa.com

$    ADVENTAGES  €$    ADVENTAGES  €

REDUCTION OF THE 

PER BARREL

REDUCTION OF THE 
OPERATING COST 

PER BARREL

INCREASED 
PRODUCTION



 Emptying and draining of shady and lees

 Abundant rinse for cleaning of surfaces (2-3 min).

 Cleaning head multidirecionales at high pressure of hot and cold 
water (not chlorinated and descalcificada water) to remove organic 
and inorganic waste (90 seconds each cycle).

 Drained (6-12 minutes)

 Disinfection to eliminate microorganisms: through sulfur, 
microwave, steam, ultrasonic, ozone,.

 Rest, filling and refilling of barrels.



Cleaning
1

Rejection

Sulfitate

Doble 
empty

Cleaning
2

Draining

Draining

Doble 
filling

Refelling
and 

covered

Loading

Unload

Vapor



 Maintenance of containers of wood for wine is an 
indispensable task to develop and improve the 
quality of the wines in the short and long term. 

 Conservation in clean and disinfected containers 
allows wine to develop harmoniously throughout the 
process of ageing in the bottle without particular 
treatments. 

 Otherwise, it will be necessary to stabilize 
energetically the wine at the time of bottling to 
prevent the alteration of its quality. 

 If the process of hygiene of containers of wood is not 
perfectly dominated, it is better to refrain from using 
wood as a material for conservation. 



 It is essential to respect rules simple and basic to 
achieve effective cleaning and disinfection. On the other 
hand, even if it has done a perfect job, disinfection is 
always temporary!.

 It is not possible to sterilize the wood and its particular 
structure makes it difficult to perfect disinfection.

 Chemical treatment is just superficial, it is impossible 
to penetrate deeply disinfecting agents wood without risk 
of leaving harmful residues or alter the quality of wood-
wine interactions.

 Only thermal procedures allow to remove deep 
contamination, but need the convergence of technology 
and processes of rapid if really want to talk about 
disinfection applied in warehouse. 


