
 

 

 

 

 

 

 

 

 

 

TOTAL RECOVERY OF MICRO-OXYGENATION RATES IN USED 
BARRELS AFTER BARENA®  

OXYEGEN TRANSMISSION RATE ANALYSIS  

October 2020 – February 2021 

 

 

 

 

 

  

 

 

 

  

 

 

  

 

 

 

 

 

  

 

 

 

 

 

 

 



 Barena improves the quality of its wines by reducing production costs 2 

 
  

 

Oxygen Transmission Rate in Oak Barrels. 
 

A barrel is a wooden vessel, generally made of oak, which consists of a total of 28 to 38 staves, each h aving a very different 

capacity to permeate oxygen into the wine contained within. In new barrels, the oxygen permeation rate fluctuates between 

0.9-2.8 mg/Liter.month, and as time goes on, this permeability decreases progressively, until a stage is reached whe n the barrel 

becomes totally impermeable to the flow of oxygen from the outside to the inside. This is mainly due to the pores in the wood  

inside the barrel becoming clogged up by the wine deposits and precipitates that build up during aging.  

With the widespread use of food-grade silicone stoppers, there are two main ways for oxygen to enter the barrel: through the 

wood (50-75%) and   through the joints between the staves (25-50%).  

Since wood is a natural material, the variability that exists in the Oxygen Transmission Rate (OTR) is substantial. For a precise 

approximation of the barrels OTR, it is necessary to take overall measurements of the barrel as a container, and not just as 

individual pieces of stave. 

The  OTR is the result of atmospheric oxygen entering the barrel by diffusing through the wood. This is due to the difference in 

oxygen concentrations between the inside of the barrel and the air outside of it. Generally, wine aged in a barrel has oxygen  

values at around 30-50 ppb (0.63-1.06 hPa), which is very low when compared to the 192 hPa of oxygen in the air.   

Tests carried out by UVaMOX have shown that another key factor, which reduces the OTR of wood in direct contact with wine, 

is the wine itself soaking into the wood. This reduces its permeability and causes the barrels OTR to be dynamic, i.e. ,it changes 

with wine-wood contact over. 

Experimental Set Up  

The UVaMOX team from the University of Valladolid, led by María del Álamo Sanza and Ignacio Nevares, ca rried out the design 

and execution of this experiment at their facilities in Palencia to determine the OTR in 3 and 6 -year-old barrels, before and 

after BARENA® regeneration.  

To carry out these tests, two optoluminescent immersion probes were attached to measure traces of dissolved oxygen (DO) in 

the model wine with which each of the barrels tested was filled. The probes were placed at 1/3 and 2/3 of the inner height fr om 

the bunghole, using a modified bung to ensure the barrel was tightly sealed. The average rate of DO accumulation in the model 

wine established the OTR of the barrel. The trials were conducted in a climate-controlled barrel room with controlled 

temperatura and humidity (16ºC and 70% HR). 

 

 

 

 

  

 

 

3-year-old barrels while the Oxygen Transmission Rate to the model wine is being 

measured. 

 

These measurements were taken over a period of 300 hours, allowing the oxygenation rate to be established. Being dynamic, 

the rate was seen to decrease the longer the wine stayed in contact with the barrel. 
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Oxygen Transmission Rate Study Results 
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Summary of OTR measurements in 3-year old barrels made from American oak before and after                     
the Barena treatment: 

 

The three barrels analyzed had been aged for a period of 3 years. The OTR of each barrel was recorded after cleaning in the 

winery. They were then regenerated at the BARENA facilities and the OTR was measured again after the regeneration 

treatment. This was conducted under the same conditions as when the first measurements were taken.  

The results obtained indicate that the Barena® regeneration system allows greater oxygenation of the wines, with increases in 

OTR of 143%, 41% and 43% respectively, along with an average vacuum generation of - 97 hPa and an average loss of 1318 mL 

(Table 2). A greater loss was observed in the barrels that most micro-oxygenated the wines, which indicates that these barrels 

may have had a greater level of wine impregnation in the wood. This is due to the pores inside the stave being unclogged of 

residues that had built up during the aging process. 

The OTR rates obtained are similar to the OTR values expected in a new barrel (0.9 - 2.8 mg/L.month). 

 

Table 1.- Summary of oxygenation rate results on barrels aged 3 years. 

Oxygenation Rate Barrel 1 Barrel 3 Barrel 4 Average 

AFTER WINERY CLEANING 

mg/L.month 0,5230 1,3578 0,8920 0,9243 

AFTER CLEANING AND BARENA REGENERATION 

mg/L.month 1,2670 1,9184 1,2778 1,4877 

 

OTR variation (Barena‐Winery) +142% +41% +43% +61% 

 

 

Table 2.- Summary of results during the Barena OTR measurement of barrels with 3-years of usage 

 DURING AGING AFTER WINERY 
CLEANING  

 DURING AGING AFTER  
BARENA 

Barrels with 
Average Pressure inside 

Loss barrel (hPa)  
(mL) 

Average   Maximum 

Average Pressure inside 
Loss           barrel (hPa)  

(mL) 
Average   Maximum 

3 years of usage 

Barrel 1 1220 ‐114 ‐172 1388 ‐115 ‐238 

Barrel 3 1300 ‐79 ‐153 1376 ‐86 ‐199 

Barrel 4 1100 0 ‐44 1240 ‐89 ‐123 

Average 3 year 
barrels 1207 ‐64 ‐123 1335 ‐97 ‐188 

 

 

Summary of OTR measurements of 6-year-old American oak barrels before and after Barena treatment: 

 

The four barrels analysed had been ageded for a period of 6 years. By measuring the OTR of each of them after cleaning in the  

winery, it was observed that the barrels had totally lost their micro-oxygenation capacity, obtaining zero OTR values. After 

BARENA® regeneration, the OTR was measured again and it was verified as to what extent the barrels had recovered their 

micro-oxygenation capacity after 6 years of use. 

In the 4 barrels studied, it was observed that in all cases the micro-oxygenation capacity of the barrels had recovered, with rates 

varying from 1.5 to 2.4 mg/L.month depending on each barrel. Compared to the OTR values of new barrels (0.9 to 2.8 

mg/L.month), we can see that the regenerated barrels have OTR values comparable to those expected in a  new barrel with 
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outstanding micro-oxygenation from the outset. Furthermore, the barrels have a far greater vacuum generation capacity.  

Taking into account that all the barrels had been aged with the same type of wine and under the same conditions, it is 

reasonable to assume that each of the newly manufactured barrels was micro-oxygenated differently at the beginning.  

 

Table 3.- Summary results of oxygenation rate in barrels aged 6 years. 

Oxygenation Rate Barrel 5 Barrel 6 Barrel 7 Barrel 8 Average 

 

hPa/h 

mg/L.h 

            mg/L.month 

 
* 

* 

* 

 
* 

* 

* 

 
* 

* 

* 

 
* 

* 

* 

 
* 

* 

* 

                                 *no oxygen intake was observed 

hPa/h 0,0425 0,0540 0,0463 0,0660 0,0522 

mg/L.h 0,0020 0,0026 0,0022 0,0032 0,0025 

             mg/L.month 1,4880 1,9344 1,6368 2,3808 1,8600 

 

Table 4.- Summary of results during the OTR measurement of barrels with 6 years of use 

 DURING AGING AFTER WINERY 
CLEANING  

 DURING AGING AFTER  
BARENA 

Barrels with 
6 years of use 

Average Pressure inside    
Loss           barrel (hPa)  

(mL) 
Average  Maximum 

Average Pressure inside 
Loss     de barrel  (hPa)    
(mL) 

Average Maximum 
 

1460 ‐166 ‐195 

1850 ‐68 ‐134 

1220 ‐193 ‐228 

1500 ‐125 ‐200 
 

1508 ‐138 ‐189 

Barrel 5 

Barrel 6 

Barrel 7 

Barrel 8 

1100 

1250 

1155 

1325 

‐47 

‐53 

‐69 

‐41 

‐123 

‐139 

‐154 

‐124 

Average 6 year 
Barrels 

1205 ‐53 ‐157 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The condition inside the barrel both before and after Barena regeneration   
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Summary of Results and Conclusions 
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Summary of results 

Figure 1 compares the modelling of the Oxygen Transmission Rates of barrels with 3 years of use, measured after the 

traditional winery cleaning system and after BARENA® cleaning and regeneration. An increase in the average oxygen 

transmission rate of 61% is observed when the barrels have been treated with the Barena system.  

 

 

Figure 1. Comparison of the rates of increase in dissolved oxygen (DO) in the model wine of 

barrels with 3 years of use with the usual winery system (dashed line) and with Barena 

regeneration (solid line). 

 

In the case of barrels with 6 years of use, the comparison is shown in Figure 2. It can be seen that after the Barena cleaning 

treatment, micro-oxygenation is reactivated in all barrels, recovering the oxygen input rate that had been completely lost after 

6 years of continuous use. 

 

 

Figure 2. Comparison of the rates of increase in dissolved oxygen (DO) in the model wine of the 

barrels with 6 years of use with the usual cellar system (dashed line) and with Barena 

regeneration (solid line). 
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Conclusion 

• Barrels with 3 years of use, after regeneration with the Barena system, showed a significant increase in the oxygen 

transmission rate, averaging 61% and varying according to each barrel studied. The micro-oxygenation rates obtained are 

equivalent to those expected in a new barrel. 

• The 4 barrels with 6 years of use, after cleaning with the "winery" system, were found not to micro -oxygenate the wines, and 

subsequently had totally lost their capacity to micro-oxygenate during aging. However, after regeneration with the Barena 

system, reactivation of micro-oxygenation was observed to levels that are usually found in new American oak barrels.  

• The results indicate that the Barena cleaning system reactivates the micro-oxygenation of barrels. This can be observed more 

clearly the more years of use the barrel has had. 
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