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OBJECTIVE

The objective is to determine if  the new Barrel Profiling technology improves consistency and 
provides flavor differences between four different toasting regimes.

SYNOPSIS

World Cooperage has developed specific toasting regimes by 
adjusting the temperature and the amount of  time a barrel 
spends on the toasting fire. In addition, World Cooperage has 
recently introduced a new monitoring system that uses infrared 
sensors to measure the temperature of  the barrel as it is toasted. 
The system uses predetermined time and temperature curves 
that indicate the desired temperature along with the actual 
temperature of  the wood as it is being toasted. This provides the 
toaster with information on how to manage the toasting fire to 
arrive at a specific toasting regime.

This experiment examines wine in four styles of  barrels made 
using this new monitoring system. These include:
• World Cooperage Traditional
• T.W. Boswell Legacy
• T.W. Boswell Côte d’Or, Appellation Series
• T.W. Boswell Médoc, Appellation Series
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The World Cooperage Traditional barrel and the T.W. Boswell Legacy barrel are available in French, 
Eastern European, and American oak. The two barrels within the T.W. Boswell Appellation series—
Côte d’Or and the Médoc—are both French oak. The Médoc is, by convention, made from older-
seasoned oak because of  its very short bending and toasting time.

This experiment encompasses seven wines. The entire group of  wines is analyzed and presented 
in this document. Tarapacá Cabernet Sauvignon from Chile was aged in each of  the above barrel 
types. The analytical differences are presented in this report.

THE WINE

 Producer:  Viña Tarapacá, Maipo Valley, Chile

 Year:  2003

 Variety:  Cabernet Sauvignon

 Vineyard:  Viña Tarapacá

 Crush Date:  March 22, 2003

Harvest Data

 TA:  4.71 g/L tartaric acid

 Brix:  24.4

 pH:  3.65

 Prior to fermenting added:  Tiamina: 0.054 (g/hl)

 Nutrient:  Biovin supra: 8.96 (g/hl)

 Tartarus Acid:  2.0 (g/hl)

 Sulfur Dioxide:  5 (g/hl)

 Enzim:  Rapidace ex color: 1.5 (g/hl)

 Days of  fermentation:  11

 Yeast:  ALG 804 (Bayanus) 15 gr/hl

 During fermentation added:  Phosphate of  ammonium: 15 (g/hl)

 Tannin:  8.96 (g/hl)

 Nutrient:  Biovin cort: 27.24 (g/hl)

 End of  fermentation added: Nothing

 Barrel Preparation:  Hydrated with cold water for 24 hours
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Wine Analysis (to first fill of barrels)

 Alcohol:  13.6 % volume

 TA:  6.06 g/L tartaric acid

 Volatile Acidity:  0.47 g/L acetic acid

 Free Sulfur Dioxide:  35 mg/L SO2

 Total Sulfur Dioxide:  46.8 mg/L SO2

 pH:  3.72

 Residual Sugar:  2.79 g/L

OAK DATA

 Source:  American, French and Eastern European oak

 Bending Technique:  Fire

 Toast Level:  Medium toast

 Wood Age:  24 months

 Size:  59 gallons/225 liters

TRIAL EXECUTION

 Sample Size:  3 barrels of  each variable

 Oak Contact Time:  8 months (08/27/03 - 04/30/04)

 Bottling Date:  April 30, 2004

THE TRIAL

World Cooperage Traditional, American oak

World Cooperage Traditional, Eastern European oak

World Cooperage Traditional, French oak

T.W. Boswell Legacy, American oak

T.W. Boswell Legacy, French oak

T.W. Boswell Côte d’Or, Appellation Series, French oak

T.W. Boswell Médoc, Appellation Series, French oak
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RESULTS AND DISCUSSION

Analysis of  25 oak extractives and wine phenolics is shown in Table 1.

Table 1: Tarapacá wine analysis (in mgL-1, parts per million)
 Compound WCC AO 

Trad
WCC EO 
Trad

WCC FO 
Trad

TWB 
Legacy 
AO

TWB 
Legacy FO

Côte d’Or Médoc

Ellagitannin breakdown
Gallic acid 42.03 46.13 42.69 44.44 43.79 44.15 45.22

 Ellagic acid 127.69 130.06 132.34 126.55 123.66 126.97 121.49
Hemicellulose caramelization

5-Hmf 0.31 0.40 0.40 0.81 0.82 0.47 0.26
5-Methyl furfural 0.16 0.15 0.10 0.37 0.28 0.18 0.09

Furfural 0.92 0.78 0.78 1.28 2.15 0.96 0.36
Wine phenolics

Protocatechuic acid 1.23 1.29 0.86 1.22 0.98 0.95 0.99
Epicatechin 24.86 26.71 20.78 21.41 20.33 19.92 26.48

Chlorogenic acid 0.20 0.23 0.25 0.17 0.21 0.24 0.25
Caffeic acid 7.03 7.22 7.20 7.05 6.97 6.98 6.96

Myricetin 4.03 5.15 4.70 4.96 4.74 4.60 4.77
Quercetin 14.93 16.07 15.99 15.36 16.35 15.66 16.12

Lignin degradation compounds
Vanillic acid 0.23 0.21 0.21 0.19 0.17 0.16 0.19

 Syringic acid 1.46 1.44 1.26 1.43 1.37 1.19 1.16
Vanillin 0.09 0.13 0.06 0.15 0.15 0.14 0.16

Syringaldehyde 0.34 0.36 0.30 0.45 0.46 0.47 0.39
Coniferaldehyde 0.04 0.04 0.03 0.02 0.03 0.02 0.03

Sinapaldehyde 0.10 0.10 0.09 0.08 0.07 0.08 0.07
Smoke compounds

Phenol 0.35 0.44 0.20 0.17 0.22 0.00 0.19
Guaiacol 0.91 0.73 0.66 0.85 0.75 0.60 0.68

m/p-Cresol 1.89 1.95 2.07 2.06 2.25 1.37 2.08
4-methyl guaiacol 0.01 0.00 0.04 0.06 0.05 0.05 0.01

4-ethyl phenol 0.01 0.20 0.10 0.14 0.06 0.06 0.01
4-ethyl guaiacol 0.35 0.12 0.02 0.40 0.08 0.10 0.11

Oak lactones
Trans-lactone 0.022 0.053 0.025 0.026 0.036 0.022 0.083

Cis-lactone 0.128 0.097 0.113 0.122 0.101 0.066 0.125
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Inspection of  the table shows few obvious differences between the samples (i.e. types of  barrels). 
The furfural level (a marker for dark, “burnt” toast) is noticeably higher in the wines from the T.W. 
Boswell barrels. The Traditional barrels are lower in vanillin content, with the notable exception of  
the Traditional barrel made from Eastern European oak. However, when the data in Table 1 is more 
exhaustively evaluated, clear differences emerge. These are shown in Figure 1.

Figure 1. 3-D graph (principal components analysis) illustrating the barrel-to-barrel differences and similarities

Figure 1 shows that the barrel types cluster together, irrespective of  the type of  wood. Thus the 
Traditional barrels can be seen on the left side, the Legacy barrels (French and American oak) on the 
upper right, and the Côte d’Or and Médoc on the lower right.

Figure 2. Hmf levels in Tarapacá Cabernet Sauvignon (in mgL-1, parts per million)
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Interrogation of  these findings showed which analytical differences existed and how they contributed 
to the differences. The light creamy toasty character represented by 5-hydroxymethyl furfural (Hmf) is 
known to be a feature of  the Legacy barrels and Figure 2 shows clear differences. The Côte d’Or barrel, 
which also has toasty features, comes well behind with the third highest level, while the Médoc, not 
intended to give high levels of  this type of  toastiness, has the lowest levels of  all.

Figure 3 shows another aspect of  toastiness, the furfural levels that are indicative of  darker, more 
bitter toast.

Figure 3. Furfural content (in mgL-1, parts per million) in Tarapacá Cabernet Sauvignon

In this case, the French oak Legacy barrel had by far the highest levels, with little difference between 
the other wines.

Figure 4 illustrates the vanillin levels deriving from the barrels. The role of  vanillin in the oak-
wine interaction and its flavor complexing effect is the single most important contribution from 
the barrel.

Figure 4. Vanillin content (in mgL-1, parts per million) in the Tarapacá Cabernet Sauvignon
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The Médoc was designed to generate the highest, early extracting levels of  vanillin. This is clearly 
demonstrated in the Tarapacá experiment. This is followed closely by both the American and French 
oak Legacy barrels, then surprisingly, by the Côte d’Or. In the Traditional barrels, the highest 
vanillin occurred in the Eastern European oak, perhaps due to its greater seasoned age. Normally 
one would expect the American oak to generate more free vanillin than European oak.

The other planned feature of  the Médoc barrel was to retain complex tannins aimed at the 
development of  structure in reserve style wines. This feature, the ellagic acid levels, is shown in Figure 
5. This aspect does, however, require some explanation. Large oak tannin structures (ellagitannins) 
are not found per se in oak aged wines. It is believed that these change their composition in wine; 
Puech et al have suggested that they form ketals (Puech, J-L., C. Mertz, V. Michon, C. La Guenerve, T. 
Doco, C. Herve du Penhoat, Evolution of Castalagin and Vescalagin in Ethanol Solutions, Identification of New 
Derivatives, J. Agric. Fd. Chem. 47:2060-2066, 1999). The end of  the chain in ellagitannin breakdown 
is the creation of  ellagic acid. Thus, if  the source oak is the same or very similar it may be inferred 
that the lower the level of  free ellagic acid, the higher the amount of  larger ellagitanin structures.

Figure 5. Free ellagic content (in mgL-1, parts per million) in the Tarapacá wines

Inspection of  Figure 5 illustrates how the Médoc barrel provided the lowest free ellagic acid (hence 
highest ellagitannin). The highest free ellagic acid was in wine from the French oak Traditional 
toasted barrel. This barrel uses oak from similar reserves but undergoes the greatest time period 
for tannin destruction during toasting. French oak possesses up to ten times more tannin than 
American oak, but such a wide difference is rarely seen in oak aged wine.

Oak lactones have low odor and flavor thresholds, notably the cis isomer with its coconut flavor in 
higher concentrations and harsh aggressive nature at lower levels. Oak lactones generally occur 
at up to 10x higher levels in wine from American oak. However this is not always the case; the 
Tarapacá wine provided one such example. Figure 6 shows the ratio of  the cis to trans isomer.
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Figure 6. Oak lactone (cis to trans) ratios in the Tarapacá Cabernet Sauvignon

Following the rationale explained above it should be possible, in theory, to distinguish between 
the two types of  oak from a ratio. The American oak should give values close to 10 and French 
oak values around 1. But in fact, Figure 6 shows this is simply not the case for these wines. The 
highest two ratios do occur with American oak, but the ratios from the Traditional French oak, 
Legacy French oak and Côte d’Or are all well above the 1:1 ratio. The low ratios experienced for the 
American oak are still difficult to explain. Much still remains to be learned about lactone formation 
in barrel making and its subsequent uptake into wine. The low (i.e. attractive) ratios observed here 
might well be a tribute to the skills of  the coopers and winemakers involved.

CONCLUSION

World Cooperage Barrel Profiling technology definitely provides more consistency from the 
production standpoint and a broader spectrum of  choices for the winemaker. So, depending on the 
grape variety and winemaking style, different barrel profiles can be chosen to meet the winemaking 
goals during barrel ageing.
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TASTING RESULTS

 Preferences Total 

1st Choice  %  Count  

T.W. Boswell Legacy French Oak  19%  14  72

T.W. Boswell Médoc  32%  23  72

T.W. Boswell Côte d’Or  26%  19  72

World Cooperage Traditional French Oak  22%  16  72

2nd Choice

T.W. Boswell Legacy French Oak  27%  19  71

T.W. Boswell Médoc  27%  19  71

T.W. Boswell Côte d’Or  21%  15  71

World Cooperage Traditional French Oak  25%  18  71

Last Choice

T.W. Boswell Legacy French Oak  19%  14  72

T.W. Boswell Médoc  21%  15  72

T.W. Boswell Côte d’Or  35%  25  72

World Cooperage Traditional French Oak  25%  18  72


