
 
How does bottling with different oxygen transmission rate screwcaps affect aging in 

Chardonnay and Viognier? 
(2015, 2022) 

Blenheim Vineyards 
Kirsty Harmon  

 
Summary 

There are many aspects of screwcaps that make them an excellent closure for wine 
bottles. Early concerns about screwcaps included the idea that wine would not evolve in the 
bottle during aging due to reductive conditions, however in recent years screwcap 
manufacturers have introduced cap types with different oxygen transmission rates, allowing 
the winemaker to choose a cap type with appropriate aging potential for each wine. The 
purpose of this trial was to test the chemical and sensory impacts of screwcaps with different 
OTR on Chardonnay and Viognier wines after 7 years of bottle aging. Chardonnay and Viognier 
from the 2013 vintage were bottled in February 2014. For each variety, wine from a single tank 
was bottled with Stelvin screwcaps of different OTR. Wines were first evaluated in 2015, then 
again in 2023. For both Chardonnay and Viognier, wines bottled with screwcaps with the 
highest OTR (7) showed many symptoms of oxidation: low free and total SO2, high dissolved 
oxygen, and measurable browning. These wines also received significantly lower sensory scores 
for varietal character and fruit intensity. Wines aged with OTR 1 and 3 (Chardonnay) and OTR 1, 
3, and 5 showed no significant differences in sensory scores, though OTR1 wines were 
described as reductive by some panelists. When asked to estimate the age of these wines, 
those bottled with lower OTR were estimated to be less than 3 years on average, while those 
under OTR 7 caps were estimated to be over 6 years.  

Introduction 
Screwcaps are not new. This type of closure was originally patented in 1868 and 

developed for wine by the French company La Bouchange Mechanique beginning in the 
1950’s.1 Later rollouts in Australia in the 1970’s marketed the new closure to lower the per-
bottle cost of goods by $0.20-0.30. Unfortunately, early adoption of screwcaps closures for 
affordable wine products produced a consumer perception that screwcaps were only 
appropriate for lower cost wines and not higher end products.2 Screwcaps began to enjoy wider 
acceptance due to a united effort from several Australian wineries to jointly purchase bottles 
and caps for Riesling in 2000. At the time, issues plaguing cork manufacture led to up to 5% of 
all corks causing some amount of taint, and Riesling showed these flaws clearly. There was no 
manufacturer of the screwcap bottles in Australia, so producers joined together to purchase 
250,000 screwcap bottles to meet the shipping threshold from France. The New Zealand 
Screwcap Wine Seal Initiative formed the following year.1 



Early concerns about screwcaps included the idea that wine would not evolve in the bottle 
during aging due to reductive conditions. The original Sara-Tin liners had very little oxygen 
transmission, sometimes leading to reduction in the wine. For some wines, preservation of 
freshness is considered a benefit, while others benefit from slow oxidation reactions in the 
bottle. In 2014, Stelvin introduced the Inside line of screwcaps with variable oxygen 
transmission rates, allowing the winemaker to choose which level of oxygen ingress is right for 
the overall winemaking goals, release, and depletion rates of each product. 

There are several parts to screwcaps that contribute to their function. The outside 
aluminum cap provides the look of a capsule as well as threads that create a seal between the 
liner and the bottle. Inside the cap, the layer in contact with the wine was originally made of 
PVDC (polyvinylidene chloride), a relatively inert substance with little known flavor scalping. 
Due to environmental concerns (the PVDC made caps difficult to recycle), PVDC has been 
replaced with PCDC-free liners. Between the outside layer and the outside of the cap lies a 20 
um layer of tin (Saran-tin) or several layers of polyethylene (Saran-ex) which determine 
permeability, then a 2 mm polyethylene wad to maintain compression3 (Figure 1). OTR can be 
changed by using different amounts of PE, or alternating layers of aluminum and PE. Caps with 
specific OTR’s may contain aluminum portions of the liner as well.  

The screwcaps used for this trial were part of the Stelvin Inside line, with oxygen 
transmission measured by France’s Laboratoire National de Métrologie et d’Essais4: 

1: <0.0005 ccO2/day 
3: 0.0005 cc O2/day  
5: 0.005 ccO2/day  
7: Up to 0.05 cc O2/day 

Stelivin Inside Cap 1 has OTR equivalent to Sara-Tin and Cap 7 has OTR analogous to some 
synthetic closures. There is a 10-fold difference in OTR between each cap type. 

Regardless of the cap used, some variation is still introduced during bottling based on the 
application and torque of the capping mechanism. Katie Cook from Scottlabs recommends 
quality control measures that test the removal torque, bridge break and reverse torque if 
possible. For smaller production, QC measures should check to make sure there is visible 
compression in the liner when the cap is withdrawn, indicating a good seal has been achieved.5 
Screwcaps also introduce the potential for higher total package oxygen due to larger headspace 
volume and the introduction of oxygen in the capsule itself when applied to the bottle. 
Nitrogen sparging, vacuum or nitrogen drip in the headspace is recommended to displace 
oxygen at capping.5 This practice is common in most commercial bottling lines.  

The purpose of this trial was to test the chemical and sensory impacts of screwcaps with 
different OTR on Chardonnay and Viognier wine. An initial report can be found on the WRE 
website for sensory analysis completed after 1 year of bottle aging. This report will focus on 
results after 7 years of bottle aging. 



 
Figure 1: Inner lining of Stelvin screwscaps include several layers of aluminum, PE and PET. The 

number and material of layers determines oxygen transmission rate (from Easton 20154) 

 
 

Methods 
Chardonnay and Viognier from the 2013 vintage were bottled on February 23, 2014, 

each with a target of 0.5 ppm molecular SO2 (corresponding to 31 ppm free SO2 for Chardonnay 
and 34 ppm SO2 for Viognier). For each variety, wine from a single tank was bottled with Stelvin 
screwcaps of different OTR. For Chardonnay, types 1, 3 and 7 were used. For Viognier, types 1, 
3, 5, and 7 were used. 

Post bottling, wines were stored in the cellar or warehouse at Blenheim Vineyards, all 
under the same conditions regardless of variety or screwcap type. An initial round of chemical 
and sensory analysis of Chardonnay was completed in 2015. Chemical analysis of both varieties 
was completed in July of 2022. Sensory analysis of both wines was completed in January of 
2023. Different laboratories were used for chemical analysis in 2015 vs. 2022, so care should be 
taken when interpreting small differences between years.  

Analysis of wine chemistry as well as analysis of odor active compounds in 2022 was 
conducted by Tastry. Tastry uses analytical chemistry and automated feature engineering to 
describe the flavor matrix of wine. AI systems integrate concentrations, thresholds and 



interactions of hundreds of compounds found in the wine matrix to predict the overall sensory 
characteristics of the wine as well as how well that wine will be received by consumers. For this 
experiment, measured concentrations of odor active compounds were used for comparisons. AI 
generated predictions were not used. 

At the time of sensory analysis, dissolved oxygen was measured for two bottles of each 
treatment using a handheld DO meter inserted into the bottle immediately after opening. Free 
and total SO2 were also measured at this time. 

Sensory analysis of Chardonnay was completed by a panel of 20 wine producers. Wines 
were presented blind in randomly numbered glasses. Tasters were presented with wines aged 
in bottles with screwcaps of three OTRs (1, 3, and 7). Tasters were then asked to score each 
wine on a scale of 0 to 10 for Chardonnay varietal character, fruit intensity, reduction and 
oxidation. There were four tasting groups with the order of analysis balanced among groups. 
Tasters were also given open-ended questions to describe the wines. Descriptive scores and age 
estimates were analyzed using repeated measures ANOVA. If significant differences were found 
among scores, Tukey’s test was used to determine which categories were significantly different 
from one another. Sensory analysis of Viognier was conducted using the same protocol. Here, 
tasters were presented with wines that had been aged in bottles with screwcaps of four 
different OTR (1, 3, 5 and 7). In this case, tasters were asked to score each wine on a scale of 0 
to 10 for Viognier varietal character, floral intensity, fruit intensity, reduction, and oxidation. 
 

Results 
Chardonnay 

There were no noticeable differences in wine chemistry between wines aged with 
different OTR screwcaps after 1 year, nor after 7 years in bottle (Table 1). Differences in values 
between years (rather than between cap types) are most likely due to differences in the lab 
used to measure these data. 

Oxygen transmission into the bottle during aging will lead to the depletion of SO2. As 
oxygen is introduced into the wine, wine oxidizes through a series of reactions catalyzed by iron 
and copper. The bisulfite form of SO2 acts as an antioxidant by binding with intermediates in 
this pathway, stopping oxidation from occurring. These interactions consume SO2 at a rate of 4 
mg/L total SO2 for every 1 mg/L of oxygen. In this way, oxidation of wine will lead to reduction 
in total SO2 over time.6 Therefore, wine aged with screwcaps with higher OTR would be 
expected to have lower total SO2 over time.  

In 2015, the OTR 7 wine already showed signs of greater oxygen ingress with lower total 
SO2 (89 mg/L compared to 103/104 mg/L in OTR 1 and 3). This also left the wine with very low 
levels of free SO2 (Figure 2). A free SO2 value of at least 10 mg/L is thought to be necessary to 
protect wine from oxidation, so Chardonnay aged in OTR 7 screwcaps was likely already 
oxidized after a single year. This was the least preferred wine according to a panel of 15 



winemakers tasting the wines blind (40% preferred Rate 1, 46.7% preferred Rate 3, and 13.3% 
preferred Rate 7). Total SO2 decreased from 2015 to 2022 for all closure types (Figure 1), 
however this decrease was notably larger for the wine with the OTR 7 closure, where free and 
total SO2 values were below the limit of detection (Imbibe Solutions).  

When oxidation reactions are allowed to proceed (i.e., SO2 is no longer protecting the 
wine), pigments in wine begin to brown. In 2022, Chardonnay bottled with OTR of 1 & 3 had the 
same color (FFFFE8) while the wine bottled with OTR of 7 had a moderately darker/browner 
color (FFFAD5) (Figure 3). Dissolved oxygen was highest for wine bottled with OTR 7 caps (0.65 
mg/L), and nearly the same for wine bottled with OTR 1 and 3 caps (0.14 mg/L).  

There were some differences in odor active compounds in wines aged with different 
OTR caps (Table 2). A list of descriptors and threshold values for these odor active compounds 
can be found in Appendix 1. Odor active values have been taken from published sources 
including AWRI, UC Davis, and others. Though there are some differences in odor active 
compounds between wines bottled with different types of screwcaps, none of the compounds 
showing notable differences was present in concentrations above threshold values. 

The Chardonnay wine aged with higher oxygen transmission (OTR 7 screwcap) received 
significantly lower sensory scores for Chardonnay varietal character and fruit intensity and 
significantly higher scores for oxidation while the wines aged with OTR 1 and OTR 3 screwcaps 
were not significantly different (Figure 4, Table 3).  Winemakers were also asked to estimate 
time in bottle for each of the wines. The wines bottled with screwcaps with low OTR (1&3) were 
estimated to be just over 2 years in bottle, much younger than their actual age, while the wine 
aged with OTR 7 screwcap was estimated to be just over 6 years, much closer to its actual age 
(Figure 5).  
 
Viognier 

No analysis was reported for Viognier in 2015. In 2022, there were no large differences 
in wine chemistry between closure types (Table 4). Free and total SO2 values were very similar 
for wines ages with screwcaps with OTR of 1, 3, and 5. However, as with the Chardonnay, wine 
aged with OTR 7 screwcaps had free and total SO2 values lower than the limit of the test (Figure 
6). Increasing the OTR of the screwcap led to increased browning of the wine (Figure 7). 
Dissolved oxygen was also notably higher in wine bottled with OTR 7 (0.42 mg/L) relative to the 
other closure types (ranging from 0.08 – 0.11 mg/L). A comparison of concentrations of odor 
active compounds can be found in Table 5. As with Chardonnay, none of the compound with 
notable differences between screwcap types was present above published threshold values. 

The Viognier wine aged with higher oxygen transmission (OTR 7 screwcap) received 
significantly lower sensory scores for Viognier varietal character, floral intensity, and fruit 
intensity. And significantly higher sensory scores for oxidation (Figure 8, Table 6). The Viognier 
aged with OTR 7 screwcaps also received significantly higher scores for reduction, which is 



unexpected. The wines aged with OTR 1, 3, and 5 screwcaps were not significantly different 
from one another using these descriptors. Winemakers were also asked to estimate time in 
bottle for each of the wines. The wines bottled with screwcaps with low to moderate OTR (1, 3 
& 5) were estimated to be just over 2 years in bottle, much younger than their actual age, while 
the wine aged with OTR 7 screwcap was estimated to be nearly 7 years, much closer to its 
actual age (Figure 9).  
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Table 1: Wine chemistry for Chardonnay aged under screwcaps with three oxygen transmission 
rates (OTR) after one year (2015) and seven years (2022) 

  Year OTR 1 OTR 3 OTR 7 

pH 
2015 3.6 3.59 3.59 
2022 3.4 3.4 3.4 

TA (g/L) 
2015 6.4 6.4 6.37 
2022 6.6 6.9 6.6 

Acetic Acid (g/L) 
2015 0.28 0.26 0.26 
2022 0.28 0.24 0.27 

Ethanol (%) 
2015 12.8 12.76 12.77 
2022 12.9 13.1 13 

 
 
Figure 2: Free and total SO2 (mg/L) for Chardonnay bottled with three different OTR screwcaps, 
measured in 2015 (unspecified lab) and 2022 (Imbibe Solutions). Values for OTR 7 in 2022 were 

less than 30 ppm total SO2 and less than 3 free SO2:  
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Figure 3: Color analysis of Chardonnay bottled with screwcaps of different OTR  
(Tastry, July 2022) 

 
 

Table 2: Comparison of odor active compounds for Chardonnay bottled with three OTR rates 
(Tastry, July 2022) 

  CH-1 CH-3 CH-7 Threshold 

Oak 
(ug/L) 

CIS OAK LACTONE 18 19 19 25 ug/L 
EUGENOL <6 <6 <6 15 ug/L 
FURFURAL 1800 1910 2280 15,000 ug/L 
FURFURYL ETHYL ETHER 40 30 30 430 ug/L 
ISOEUGENOL <6 <6 <6 15 ug/L 
5-METHYLFURFURAL 99 94 113 16, 000 ug/L 
TRANS OAK LACTONE 7 8 8 110 ug/L 

Fruity Esters 
(mg/L) 

2-PHENYLETHYL ACETATE <0.15 <0.15 <0.15 250 ug/L 
ETHYL BUTYRATE 0.4 0.4 0.4 20 ug/L 
ETHYL DECANOATE 0.3 0.3 0.3 200 ug/L 
ETHYL HEXANOATE 1.2 1.1 1.2 14-50 ug/L 
ETHYL ISOBUTYRATE 0.1 0.1 0.1 15 ug/L 
ETHYL ISOVALERATE <0.2 <0.2 <0.2 3 ug/L 
ETHYL OCTANOATE 2.7 2.4 2.6 5-20 ug/L 
ETHYL PROPANOATE 0.3 0.3 0.3 1800 ug/L 
ISOAMYL ACETATE <0.2 <0.2 <0.2 30 - 150 ug/L 

Higher Alcohols 
(mg/L) 

2-METHYL BUTANOL 35 32 36   
2-PHENYLETHANOL 4 3 4 14 mg/L 
ACETALDEHYDE 62 62 41 100 mg/L 
BUTANOL 0.4 0.4 0.5   
ETHYL ACETATE 29 27 29 12 mg/L 
HEXANOL 1.1 1 1.2 4 mg/L 
ISOAMYL ALCOHOL 84 76 87 30 mg/L 
ISOBUTYL ALCOHOL 11 10 11 40 mg/L 

Now they are reported as:

 

CHBLE 13-1 = #FFFFE8    CHBLE 13-3 = #FFFFE8               CHBLE 13-7 = #FFFAD5               VIBLE 13-1 =
#FEFFE5     VIBLE 13-3 = #FFFFEA  VIBLE 13-5 = #FFFFE2               VIBLE 13-7 = #FFF8D0 – (displayed
respectively):

                 

                                             

                                             

 

Thank you for the feedback, and providing us the opportunity to improve our deliverables for you and our other clients.

 

Happy New Year!  I’m looking forward to our next conversation.

 

 

Best regards,

 

-Charles Slocum, CBO

 

Joy Ting <vawrex@gmail.com> Tue, Jan 17, 2023 at 6:59 AM
To: charles@tastry.com
Cc: Katerina Axelsson <kat@tastry.com>, Jeff Campbell <jeff@tastry.com>, Bruce Leighton <bruce@tastry.com>
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OTR 1 OTR 3 OTR 7 



METHANOL 27 27 28   
PROPANOL 69 66 73 500 mg/L 

Secondary 
Fermentation 

(mg/L) 

DIACETYL <0.8 <0.8 <0.8   
DIETHYL SUCCINATE 6 5 7   
ETHYL LACTATE <15 <15 <15 0.15 mg/L 
ETHYL METHYL CARBONATE <0.5 <0.5 <0.5   

Terpenes & 
Norisoprenoids 

(mg/L) 

(E)-LINALOOL OXIDE <0.2 <0.2 <0.2   
(Z)-LINALOOL OXIDE <0.2 <0.2 <0.2   
ALPHA IONONE <0.13 <0.13 <0.13   
GAMMA TERPINENE <0.1 <0.1 <0.1   
TERPINOLENE <0.2 <0.2 <0.2   
LINALOOL <0.3 <0.3 <0.3 25 ug/L 

Aldehydes 
(mg/L) 

BENZALDEHYDE <0.3 <0.3 <0.3   
ISOBUTYRALDEHYDE 1 1 1   
ISOVALERALDEHYDE <0.2 <0.2 <0.2   

Smoke & Brett 
(mg/L) 

4-ETHYLGUAIACOL <3 <3 <3   
4-ETHYLPHENOLCOLOR 1 <1 1 440 ug/L 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure 4: Average descriptive scores for Chardonnay wines bottled and aged with three 
different OTR screwcaps 

 
 
 

Table 3: Repeated measures ANVOA and pairwise comparisons (Tukey’s Test) of descriptive 
scores from sensory analysis of Chardonnay 

Descriptor F P Descriptor F P 
Chardonnay Varietal 11.52 <0.001 Fruit Intensity 19.176 <0.001 

  1 vs 3 0.98   1 vs 3 0.4 
  1 vs 7 0.04   1 vs 7 0.004 
  3 vs 7 0.01   3 vs 7 < 0.0001 

Reduction 1.01 0.37 Oxidation 32.555 < 0.0001 
  1 vs 3 0.33   1 vs 3 0.98 
  1 vs 7 0.95   1 vs 7 < 0.0001 
  3 vs 7 0.63   3 vs 7 < 0.0001 

 

 
 
 
 

 

a

a

aa a a

b

b

b

0

1

2

3

4

5

6

7

8

9

10

Chardonnay Varietal Character Fruit Intensity Reduction Oxidation

Se
ns

or
y 

Sc
or

e

OTR 1 OTR 3 OTR 7



Figure 5: Estimate Time in bottle (years) for Chardonnay aged with different OTR screwcaps 

 

 
 

Table 4: Wine chemistry for Viognier bottled under screwcaps with four oxygen transmission 
rates after seven years (2022) (Tastry, Sentia, Imbibe) 

OTR pH TA (g/L) AA (g/L) Ethanol (%) Glu/Fru (g/L) Malic Acid (g/l) 
1 3.4 6.5 0.29 13.5 1.8 2.71 
3 3.5 6 0.3 13.5 1.8 2.59 
5 3.4 6.4 0.3 13.5 1.8 2.57 
7 3.4 5.9 0.29 13.6 1.8 2.71 
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Figure 6: Free and bound SO2 (mg/L) for Viognier bottled with screwcaps of different OTR 
(Imbibe Solutions). Values for OTR 7 were less than 30 ppm total SO2 and less than 3 free SO2. 

 
 
 

Figure 7: Color analysis of Viognier bottled with screwcaps of different OTR (Tastry, July 2022) 

 
 
 
 

Table 5: Comparison of odor active compounds for Viognier bottled with different OTR  
(Tastry, July 2022) 

  Vio-1 Vio-3 Vio-5 Vio-7 Threshold 

Oak (ug/L) 

CIS OAK LACTONE 20 19 18 19 25 ug/L 
EUGENOL <6 7 <6 <6 15 ug/L 
FURFURAL 1190 1310 1170 1800 15,000 ug/L 
FURFURYL ETHYL ETHER 40 40 30 40 430 ug/L 
ISOEUGENOL <6 <6 <6 <6 15 ug/L 
5-METHYLFURFURAL 77 106 67 91 16,000 ug/L 
TRANS OAK LACTONE 8 9 8 8 110 ug/L 
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OTR 1 OTR 3 OTR 5 OTR 7 



Fuity Esters (mg/L) 

2-PHENYLETHYL ACETATE <0.15 <0.15 <0.15 <0.15 250 ug/L 
ETHYL BUTYRATE 0.4 0.4 0.4 0.5 20 ug/L 
ETHYL DECANOATE 0.3 0.2 0.2 0.3 200 ug/L 
ETHYL HEXANOATE 1.2 1.2 1.2 1.2 14-50 ug/L 
ETHYL ISOBUTYRATE 0.1 0.1 0.1 0.1 15 ug/L 
ETHYL ISOVALERATE <0.2 <0.2 <0.2 <0.2 3 ug/L 
ETHYL OCTANOATE 2.5 1.7 2.2 2 5-20 ug/L 
ETHYL PROPANOATE 0.3 0.4 0.3 0.4 1800 ug/L 
ISOAMYL ACETATE <0.2 <0.2 <0.2 <0.2 30 - 150 ug/L 

Higher Alcohols 
(mg/L) 

2-METHYL BUTANOL 35 39 36 33   
2-PHENYLETHANOL 4 5 4 5 14 mg/L 
ACETALDEHYDE 63 63 63 41 100 mg/L 
BUTANOL 0.5 0.5 0.5 0.4   
ETHYL ACETATE 37 27 37 35 12 mg/L 
HEXANOL 0.9 0.8 0.9 0.8 4 mg/L 
ISOAMYL ALCOHOL 82 66 80 67 30 mg/L 
ISOBUTYL ALCOHOL 12 10 12 9 40 mg/L 
METHANOL 23 24 24 28   
PROPANOL 70 58 67 59 500 mg/L 

Secondary 
Fermentation 

(mg/L) 

DIACETYL <0.8 <0.8 <0.8 <0.8   
DIETHYL SUCCINATE 5 5 5 4   
ETHYL LACTATE <15 <15 <15 <15 0.15 mg/L 
ETHYL METHYL 
CARBONATE <0.5 <0.5 <0.5 <0.5   

Terpenes & 
Norisoprenoids 

(mg/L) 

(E)-LINALOOL OXIDE <0.2 <0.2 <0.2 <0.2   
(Z)-LINALOOL OXIDE <0.2 <0.2 <0.2 <0.2   
ALPHA IONONE <0.13 <0.13 <0.13 <0.13   
GAMMA TERPINENE <0.1 <0.1 <0.1 <0.1   
TERPINOLENE <0.2 <0.2 <0.2 <0.2   
LINALOOL <0.3 <0.3 <0.3 <0.3 25 ug/L 

Aldehydes (mg/L) 
BENZALDEHYDE <0.3 <0.3 <0.3 <0.3   
ISOBUTYRALDEHYDE 1 <1 <1 <1   
ISOVALERALDEHYDE <0.2 <0.2 <0.2 <0.2   

Smoke& Brett 
(ug/L) 

4-ETHYLGUAIACOL <3 <3 <3 <3   
4-ETHYLPHENOLCOLOR 1 1 1 1 440 ug/L 



Figure 8: Average descriptive scores for Viognier wines bottled and aged with four different 
OTR screwcaps 

 

Table 6: Repeated measures ANVOA and pairwise comparisons (Tukey’s Test) of descriptive 
scores from sensory analysis of Viognier 

Descriptor F P Descriptor F P Descriptor F P 
Varietal 
Character 8.43 <0.0001 Floral 

Intensity 9.22 <0.0001 Fruit Intensity 13 <0.0001 

OTR 1 vs OTR 3 0.99 OTR 1 vs OTR 3 1 OTR 1 vs OTR 3 0.78 
OTR 1 vs OTR 5 1 OTR 1 vs OTR 5 1 OTR 1 vs OTR 5 0.99 
OTR 1 vs OTR 7 0.01 OTR 1 vs OTR 7 0.01 OTR 1 vs OTR 7 0.001 
OTR 3 vs OTR 5 0.97 OTR 3 vs OTR 5 1 OTR 3 vs OTR 5 0.93 
OTR 3 vs OTR 7 0.03 OTR 3 vs OTR 7 0.01 OTR 3 vs OTR 7 0.007 
OTR 5 vs OTR 7 0.01 OTR 5 vs OTR 7 0.01 OTR 5 vs OTR 7 0.002 
Reduction 2.84 0.04 Oxidation 26.2 <0.0001       
OTR 1 vs OTR 3 0.68 OTR 1 vs OTR 3 0.98       
OTR 1 vs OTR 5 0.76 OTR 1 vs OTR 5 0.92       
OTR 1 vs OTR 7 0.52 OTR 1 vs OTR 7 <0.0001       
OTR 3 vs OTR 5 1 OTR 3 vs OTR 5 0.99       
OTR 3 vs OTR 7 0.09 OTR 3 vs OTR 7 <0.0001       
OTR 5 vs OTR 7 0.11 OTR 5 vs OTR 7 <0.0001       

* * *
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Figure 9: Estimate Time in bottle (years) for Viognier aged with different OTR screwcaps 
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Appendix 1: Sensory impacts of odor active molecules in wine (Tastry) 

Category Compound Descriptors 

Oak 

CIS OAK LACTONE sweet, spicy, coconut, vanilla 
EUGENOL sweet, spicy, clove, woody 
FURFURAL sweet, brown, woody, bready, caramellic, slightly phenolic 
FURFURYL ETHYL ETHER sweet, spicy 
ISOEUGENOL sweet, spicy, clove, woody 
5-METHYLFURFURAL sweet, brown, caramel, grain, maple 
TRANS OAK LACTONE spicy, coconut, clove, celery, incense 

Fruity Esters 

2-PHENYLETHYL ACETATE floral, rose, sweet, honey, tropical  
ETHYL BUTYRATE fruity, juicy, pineapple, cognac 
ETHYL DECANOATE sweet, waxy, fruity, apple, grape, oily, brandy 
ETHYL HEXANOATE sweet, fruity, pineapple, waxy, green, banana 
ETHYL ISOBUTYRATE Sweet, brown, caramel, grain, maple 
ETHYL ISOVALERATE fruity, sweet, apple, pineapple, tutti frutti 
ETHYL OCTANOATE waxy, fruity, winey, pineapple, creamy, fatty, soapy, cognac  
ETHYL PROPANOATE sweet, fruity, rum, grape, juicy, pineapple 
ISOAMYL ACETATE sweet, fruity, banana, solvent  

Higher 
Alcohols 

2-METHYL BUTANOL ethereal, fusel, alcoholic, fatty, greasy, winey, whiskey, leathery, cocoa 

2-PHENYLETHANOL floral, rose, flower, rosewater, honey, Muscat-like, increases with skin contact 
ACETALDEHYDE Grass, green, apple, sherry, pungent 
BUTANOL fusel oil, sweet balsam, whiskey 
ETHYL ACETATE ethereal, fruity, sweet, weedy, green 
HEXANOL ethereal, fusel oil, fruity, alcoholic, sweet, green 
ISOAMYL ALCOHOL fusel oil, alcoholic, whiskey, fruity, banana 
ISOBUTYL ALCOHOL ethereal, winey, cortex 



 

METHANOL alcoholic 
PROPANOL alcoholic, fermented, fusel, musty 

Secondary 
Fermentation 

DIACETYL strong, butter, sweet, creamy, pungent, caramel 
DIETHYL SUCCINATE mild fruity, cooked apple 
ETHYL LACTATE sharp, tart, fruity, tart, butterscotch, buttery, creamy, coconut 
ETHYL METHYL CARBONATE   

Terpenes & 
Norisoprenoids 

(E)-LINALOOL OXIDE floral, herbal, earthy, green 
(Z)-LINALOOL OXIDE earthy, floral, sweet, woody 
ALPHA IONONE sweet, woody, floral, violet, tropical, fruity 
GAMMA TERPINENE oil, woody, lemon/lime, tropical, herbal 
TERPINOLENE fresh, woody, sweet, pine, citrus 
LINALOOL citrus, orange, floral, waxy, rose 

Aldehydes 
BENZALDEHYDE strong, sharp, sweet, bitter almond, cherry 
ISOBUTYRALDEHYDE fresh, aldehydic, floral, green 
ISOVALERALDEHYDE ethereal, aldehydic, chocolate, peach, fatty 

Brett 
4-ETHYLGUAIACOL spicy, smoky, bacon, phenolic, clove 
4-ETHYLPHENOL smoky, phenolic, barnyard 

 


