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Abstract: Traditional vinegar production is a lengthy process which implies high operational 

risks and jeopardizes the organoleptic characteristics of the final product. In an effort to solve 

these problems without changing the traditional model, we modified the wood type and thickness 

of vinegar barrels. We acetified in triplicate in barrels made of acacia, cherry, chestnut, and oak 

and in three wood thicknesses (15, 20, and 25 mm) in two different vinegar plants. The operating 

volume was set at 60 L. Reducing wood thickness improved neither maximum acetification velocity 

or the total length of the process, and in some cases even worsened them. The process took longer 

in oak barrels than in other types of wood barrel in one of the vinegar plants. Therefore, the choice 

of wood is a parameter to be considered in the wine vinegar production.
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Introduction
Wine vinegar is a wine by-product that has come to play an important role in salad 

dressings, ketchup and other sauces. From a technological point of view, there are two 

processes for vinegar production: the traditional or superficial method (slow, the best 

known is the Orleans method), and the submerged method (quick, different acetification 

devices).1,2 Traditional wine vinegar is made in wood barrels with the primary trans-

forming microorganisms, acetic acid bacteria (AAB), placed on the surface of the wine 

substrate and therefore in contact with atmospheric air.2–4 The quantity of oxygen avail-

able for the AAB is therefore limited, resulting in a lengthy process. However, several 

processes take place during the long period in which the product is in contact with the 

wood cask. On one hand, a complex bacterial metabolism releases several secondary 

metabolites such as acetoin5 into the vinegar. Also, aging occurs at the same time as 

acetification, meaning that vinegars produced by means of this method take on a higher 

degree of organoleptic complexity. Finally, the lengthy process allows the compounds 

in the vinegar to more thoroughly blend. These products are therefore highly appreciated 

over submerged vinegars, and are sold at higher market prices.3,6,7 Nevertheless, the most 

serious threat to the survival of this sector is that this lengthy process entails several risks 

which considerably limit the production of these high-quality vinegars.

Wine and other beverages have traditionally been stored and aged in wood barrels.8 

Much research has been done into the effect of wood barrels on wine quality, and the 

compound transfer and positive effects of wood, especially oak, is well established.9–13 

Meanwhile, as vinegar is generally considered to be a by-product associated with spoiled 

wine, little or no attention has been paid to which type of barrel is the most suitable for 
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its production. Consequently, the wood barrels used for vinegar 

production tend to be handed down, having previously been 

used for wine aging. Such barrels are not the most appropriate 

for vinegar production because whereas vinegar production 

requires a higher degree of oxygen transfer,4 in wine aging 

high wood porosity is avoided to limit oxidation.14

It is well known that while vinegars are produced and aged in 

barrels, their volatile compounds are enriched mainly as a result 

of two important processes: they are concentrated as water is lost 

through the wood pores; and new compounds, such as esters, 

are formed.15,16 To date, oak is most frequently used in the aging 

of wines or vinegars17 although occasionally chestnut and more 

rarely acacia, cherry, or mulberry are also used. However, the 

influence of wood type on vinegar development – its kinetics 

and microbiology – has not yet been studied.

The differing porosities and chemical compositions of 

each type of wood may affect the development of the process 

and the resulting product. Empirical data collected suggest 

that mulberry has a higher porosity than other woods such 

as acacia, cherry, or chestnut, although the porosity of these 

last three is superior to that of oak. Higher porosity is related 

to higher oxygen diffusion and might therefore result in a 

quicker transformation of ethanol into acetic acid by AAB.

The aim of this work was to analyze different variables 

in an attempt to reduce the time needed for the production of 

traditional wine vinegar. To do this we tested two strategies 

for increasing oxygen transfer: (i) using barrels made of wood 

with different porosities and (ii) decreasing barrel thickness. 

We studied the effect of both parameters on the kinetics of 

the process, evaluating the time needed to complete acetifica-

tion. The study was carried out in two vinegar plants using 

four different types of wood – cherry, chestnut and acacia 

with oak as the control – and three barrel thicknesses: 15 and 

20 mm with a thickness of 25 mm as the control.

Materials and methods
The study was conducted in two vinegar plants: Viticultors 

Mas d’en Gil (MG, Bellmunt del Priorat, Tarragona, Spain) 

and La Guinelle (LG, Banyuls, France). There are differences 

between the two plants in terms of wine characteristics, 

climate, and the period of time each has been in operation. 

MG uses dry wine in their production process whereas LG 

uses sweet wine (70 g residual sugar/L). The MG plant is 

housed in a relatively cold, closed building whereas the LG 

plant is in the open air and subject to dramatic changes in 

temperature. Finally, LG had operated as a vinegar plant for 

five years prior to the study, whereas MG is a new vinegar 

plant (less than one year in production).

The barrels were constructed by Boteria Torner (Barcelona, 

Spain) and specifically designed for this experiment. Briefly, 

they had the typical design of 60 L barrels and were constructed 

in various thicknesses of 25 (standard thickness, used as control), 

20 and 15 mm. The woods selected were acacia, chestnut, 

cherry, and oak, the last of which was used as a control. All the 

barrels had a broad top hole, which was covered by a cloth to 

prevent the inadvertent introduction of insects, dust, etc. The 

acetifications in each wood were done by triplicate.

The vinegar mothers were produced using both plants’ 

own acetifying vinegars mixed with wine and water in a 

proportion of 25:50:25. These vinegar mothers (10%) mixed 

with diluted wine were the initial mixture for the acetification 

process. The alcohol content of these mixtures was 11.3% 

(MG) and 9.5% (LG) and the acetic acid content was 9 g/L 

in both vinegar plants.

Acetic acid was determined by titration with NaOH and 

reducing sugars and ethanol with enzymatic kits (Boehringer 

Mannheim, Mannheim, Germany). Oxygen dissolved was 

measured using a LDOTM HQ10 Portable Dissolved Oxygen 

Meter (HACH Company, Loveland, CO, USA).

Acetification rate (g acetic acid/L* day) was the maximal 

slope obtained from the representation of acetic acid produc-

tion towards acetification time.

statistical analysis
We evaluated the effect of the vinegar plant and wood type 

and thickness using a three-way ANOVA with Sheffe’s and 

b-Tukey’s post hoc tests (except for vinegar plant variable 

since we had only two values). All statistical analyses were 

performed using SPSS version 15.0 for Windows (SPSS Inc., 

Chicago, IL, USA). A suitable control was considered for 

each variable. For the vinegar plant effect, the control was 

LG. For the wood type and thickness, the controls were oak 

and 25 mm, respectively.

Results
All the barrels used in this study were new and cleaned with 

warm water and allowed to equilibrate with young wine prior 

to use. The research design set out to analyze two variables: 

wood type and thickness. As a general criterion we consid-

ered final acetification at 60 g acetic acid/L.

Wood type
La guinelle
The differences found between wood types were minimal 

when process duration was compared in woods of the same 

thickness (Figure 1). In 15 mm barrels, wood type did not 
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have any discernible effect on the vinegar production, with 

the exception of the chestnut barrels in which stuck acetifi-

cation occurred in the last stages of the process. Complete 

acetification took 79 days.

Some differences between wood types were found in 

20 mm barrels. In acacia barrels the process took the shortest 

amount of time (49 days) and in oak the longest (76 days). At 

25 mm, all wood types allowed for faster acetification (49 days) 

except oak, in which acetification was slower (76 days). There-

fore, in this thickness the use of woods other than oak would 

reduce process time by approximately one third.

Mas d’en gil
When the same processes were carried out in the other 

vinegar plant, no differences were found according to wood 

type (Figure 2). Similar acetification evolution and develop-

ment was observed in all cases. It is important to mention 

that in this vinegar plant we found a clear decrease in the 

acetification rate when acetic acid values were near five 

degrees, which ultimately resulted in stuck acetification in all 

woods and thicknesses. The acetification processes required 

to achieve six-degree acetic acid were therefore very lengthy 

at around 250 days.

Wood thickness
La guinelle
In general a thickness of 25 mm exhibited the fastest 

acetification (46 days) in all wood types except for oak, 

in which all acetification, regardless of barrel thickness, 

presented the same slow behaviour (76 days) (Figure 1). 

So, with the exception of oak, the effect of thickness on 

acetification velocity was contrary to the expected effect; 

the acetification rate slowed as barrel thickness decreased. 

The use of 15-mm-thick barrels resulted in a 35% increase 

in acetification time over typical casks (25 mm).

Mas d’en gil
No differences were observed in acetification as a result of 

barrel thicknesses; the same amount of time was required to 

complete the process in all cases (Figure 2).

Acetification rate
Significant differences emerged when comparing the aceti-

fication rate at the two vinegar plants, with the exception of 

oak at 25 mm (Table 1). Acetification at LG occurred faster 

and the complete process consequently required less time 

than at MG (Figures 1 and 2).
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Figure 1 Variation of acidity in wood barrels (a, acacia; b, chestnut; c, cherry; and d, oak) during acetification process according to the different thicknesses (◊ 15 mm barrels; 
 20 mm barrels;  25 mm barrels) in La Guinelle vinegar plant.  The acidity values fitted to a linear regression except in chestnut 15 mm where a polinomic regression fit 
was needed.
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The acetification rate at MG was practically identical in 

the 36 processes studied, while acetification at LG showed 

interesting differences (Table 1). In all thicknesses, acacia 

presented the fastest acetification rate. In fact, this wood 

presented a significantly different acetification rate with 

respect to the control wood (oak) both in 20 and 25 mm. 

On the other hand, 15 mm barrels accounted for the slowest 

acetification rate, except in oak where surprisingly, 25 mm 

barrels were the slowest, although these values only were 

statistically different in the case of acacia. It is important to 

remark that in some cases, the acetification rate at 20 mm (oak 

and acacia) was significantly higher than the one at 25 mm 

(control thickness), although this fact was not matched by 

a faster process.

Discussion
In this study, two variables related to increasing oxygen 

diffusion through the barrel were tested as possible ways 

to reduce the time required for the production of traditional 

wine vinegar. The parameters studied were wood type and 

thickness.

The barrels used for aging wine are usually made of 

oak.17,18 In the wine-aging process, oxygenation is limited 

in order to prevent spoiled aerobic microorganisms such as 

AAB from developing.19 Oak is well known for its limited 

porosity and permeability and is therefore a very suitable 

wood in which to age wine. However, vinegar production 

requires oxygen during the process to facilitate AAB devel-

opment and the transformation of ethanol into acetic acid. 

Therefore, the common practice of using recycled wine 

barrels for the production of vinegar is clearly counterpro-

ductive. Wine barrels are made from oak, a wood that is not 

very porous to begin with and even less so after being used 

for aging wine, a process which causes most of the wood’s 

pores to become clogged with tartrates and other sediments 

generated during wine processing. For these reasons, strat-

egies to improve oxygen transfer are the most viable for 

shortening the acetification process.

In this study, both of the variables proposed were evalu-

ated in two vinegar plants and the duration of the process 

and acetification rate were analyzed.

Comparing the two plants, acetification at LG was 

clearly faster than at MG and in the latter no differences 

were found between the conditions tested. This different 

acetification development between vinegar plants could 

be explained by differences in the microbiota responsible 
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Figure 2 Variation of acidity in wood barrels (a, acacia; b, chestnut; c, cherry; and d, oak) during acetification process according to the different thicknesses (◊ 15 mm barrels; 
 20 mm barrels;  25 mm barrels) in Mas d’en Gil vinegar plant. The acidity values fitted to a polinomic regression. The figure shows the exponential acetification until the 
process was stuck.
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for the process and in the wine used for acetification. It is 

well established that different AAB strains can present 

differences in tolerance to ethanol and acetic acid and in 

the efficiency of transforming ethanol into acetic acid.20 

In our case, indigenous AAB strains from LG clearly 

seemed to be better adapted to the process conditions than 

the MG strains, and this is reflected in a higher transfor-

mation rate at LG. Furthermore, the composition of the 

initial media also determines which species and strains 

of AAB are capable of growing throughout the process.21 

In our case, the wine used in LG acetification was rich in 

residual sugars while the MG wine was dry and presented 

a higher content of ethanol, which could explain the MG 

acetification problems.

Acetification at MG, which was slower, presented 

no differences based on wood type or thickness whereas 

the same process done at LG, which resulted in faster 

acetification, presented some clear differences according to 

wood type and thickness. One possible explanation might 

be related to the ethanol transformation rate. In theory, for 

faster acetification to occur more oxygen is required over 

a short time, and different strains have different oxygen 

needs. Therefore, we hypothesized that in slow acetifica-

tion, where a slow conversion of ethanol into acetic acid 

occurred, AAB oxygen needs were covered by atmospheric 

oxygen and therefore no differences were observed based 

on wood porosity, as in the case of the MG acetification. 

However, when rapid acetification occurred, this fast trans-

formation of ethanol into acetic acid required more oxygen, 

which became the limiting substrate. Therefore, the amount 

of oxygen provided through the barrel could account for 

differences in acetification. Thus, in these cases, wood 

porosity may determine the time needed to complete the 

acetification process when the conversion of ethanol into 

acetic acid is suitably efficient. In fact, the concentration 

of dissolved oxygen throughout the process was minimal 

in all acetification (0.04–0.09 mg/mL), except during the 

stuck acetifications where an accumulation of oxygen was 

detected (0.96–2.34 mg/mL). This indicates that while 

AAB was active, all the oxygen was being used for vinegar 

production and AAB development.

Focusing on the LG results, we were surprised that 

reducing the thickness of the wood barrel did not improve 

the process in any case and even had a negative effect on the 

acetification rate and process duration. The explanation for 

why in these conditions a thicker barrel was better is com-

pletely unknown, and with our results attempting to explain 

why reduced thickness did not improve the acetification 

process would be too speculative.

On the other hand, the effect of wood type was consistent 

with its porosity. In fact, it is known that oxygen diffusion 

through wood is higher in less compact woods14 such as 

acacia and chestnut. In the case of the 25 mm casks, the 

control for thickness, the worst wood was oak, so the choice 

of the wood for vinegar-aging barrels must be a compromise 

between increased porosity to accelerate the process and 

the effect that the wood has on vinegar quality.

In this study, we tested two variables related to increasing 

oxygenation during the vinegar production process. Although 

the type of wood in which the product was aged seemed to 

have more importance than the thickness of the barrel, per-

haps the best solution is to increase the surface/volume ratio, 

thereby increasing the contact between AAB and atmospheric 

oxygen, since the amount of oxygen provided through the 

barrel seems to be limited.
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Table 1 Comparison of acetification rate (R ± sD;  g acetic acid/L* day) 
considering different woods and thicknesses in both vinegar plants

Wood Thickness 
(mm)

Vinegar plant

LG MG

Acacia 15 1.03 ± 0.06a 0.47 ± 0.07c

20 1.46 ± 0.06a,b 0.47 ± 0.04b,c

25 1.29 ± 0.00b 0.59 ± 0.09c

chestnut 15 0.82 ± 0.06 0.60 ± 0.07c

20 1.00 ± 0.16 0.56 ± 0.00c

25 1.14 ± 0.14 0.53 ± 0.02c

cherry 15 0.84 ± 0.06 0.54 ± 0.02c

20 0.89 ± 0.06 0.54 ± 0.05b,c

25 1.24 ± 0.22b 0.64 ± 0.04c

Oak 15 0.89 ± 0.06 0.59 ± 0.07c

20 1.03 ± 0.06a 0.66 ± 0.05c

25 0.76 ± 0.09 0.61 ± 0.07

Notes: aSignificant differences due to the wood thickness using 25 mm as control; 
bSignificant differences due to the wood type using oak as control; cSignificant differences 
due to the vinegar plant using Lg as control.
Abbreviations: Lg, La guinelle; Mg, Mas d’en gil; sD, standard deviation.
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