Assessing chemical and sensory impacts of different types of corks during bottle aging of
reserve Chardonnay (2021)
Rappahannock Cellars
Theo Smith & Dani Romero

Summary

Though natural cork still dominates the market for wine closures, several alternatives
are also available to winemakers. In this study, the same wine was bottled with natural cork
(Amorim medium) and three different grades of Diam microagglomerated corks (3, 5, and 10),
then aged for 18 months before analysis. Wine chemistry after aging was nearly identical
among the wines. Chardonnay aged with natural cork had slightly lower free and total SO post
aging. Dissolved oxygen measures of the wine post aging were more affected by fill height than
by cork type, exposing a need for diligent quality control of bottle fill when using manual fillers.
Concentrations of odor active compounds were similar for wines aged with natural cork and
Diam 3, and differed some for wines aged with Diam 5 and Diam 10. However, there were no
significant differences in scores for Chardonnay varietal character, fruit intensity, reduction or
oxidation when evaluated by winemakers in a sensory session.

Introduction

Natural cork has been the primary means used to seal wine bottles for hundreds of
years.! However, in the mid 20" century, issues with manufacturing processes led to increased
risk of cork taint, primarily through the formation of TCA.? Though the threat of TCA is lessening
due to improvements in manufacturing practices, the issue has allowed several alternative
closures onto the market.

In a 2021 Wine Business Monthly Survey, 70% of winemakers indicated they use natural
corks in at least some of their wines, with 54% indicating they used natural cork in all their
wines. These percentages were much higher than any other closure type. However, when asked
if they had stopped using one type of closure for another in the past year, 37% said they had,
and for most, this included moving away from natural cork.?

In the same WBM survey, screwcaps enjoyed the largest rise in popularity in the past
year, with an increasing number of winemakers reporting they use screwcaps in at least one of
their wines (from 30-40% in past years to 52%). Screwcaps received higher satisfaction scores
from winemakers than other closures (4.1/5 compared to 3.9-4.0/5 for natural cork), however,
they require specialized bottling equipment for application, and sometimes suffer from lack of
consumer acceptance.

Agglomerate corks entered the WBM survey for the first time in 2021, with just under
30% of winemakers reporting usage. Microagglomerated corks offer a lower cost option for TCA



free closures (Table 1) that don’t require specialized equipment and are potentially more
accepted by consumers than synthetic alternatives.? Agglomerated corks are made up of small
particles of cork that have been prepared like natural cork (drying, then boiling in water), then
crushed to form small particles. The particles are then processed with supercritical CO; (a state
intermediate between liquid in and gas) to extract any compounds that cause sensory
deviations (TCA and others). Purified grains are then joined with microspheres and binders and
molded and baked to produce corks with consistent OTR and elasticity.> Environmental
concerns about microplastics have led to many companies replacing microspheres with non-
plastic alternatives.

Due to their relatively recent introduction, less is known about how wines age in bottles
sealed with microagglomerated corks vs. other closure types. Most studies have been done
comparing synthetic corks, screwcaps and natural cork.%> Though micro-agglomerated corks
likely perform similarly to natural cork in many ways, some important differences should be
considered. Microagllomerated corks are less expensive (Table 1) than natural corks, especially
corks of medium to high quality. Diam (the manufacturer of microagglomereated cork) claims
microagglomerated corks are more consistent, given that their manufacturing process allows
more control than the natural variations found growing on trees.?> Microagglomerated corks
also have generally lower initial oxygen release into the wine (Table 1). A typical natural cork
contains 3.5 mL of oxygen in the tiny cells that make up the cork. When compressed for
bottling, 6-9 atmospheres of pressure are exerted on these cells, which is then equilibrated
over the next 6-9 months, resulting in oxygen ingress into the headspace. Differences in cellular
structure between corks leads to differences in initial oxygen ingress.® Microagglomerated
corks contain fewer cells overall, and therefore have less initial oxygen ingress.>”

The purpose of this study was to compare the use of natural cork (Amorim medium)
with three different grades of Diam microagglomerated corks (3, 5, and 10) for their effect on
wine quality, ageabilty, and cost in a reserve Chardonnay.

Methods

Diam corks were prepared for the trial and donated by Hauser packaging. Wine was
prepared for bottling according to the SOP of the winery. During the bottling run, after a full
pallet of wine had been bottled using the standard cork for the winery, corks were replaced
with the first experimental cork type. While the line was still running, corks were replaced
sequentially until all experimental cork types had been used, then the standard cork was re-
introduced. Two cases of wine were held aside for each type.

The impact of closure type on wine quality includes the initial release of oxygen from
the cork cells, the oxygen Initial release (OIR). OIR is the dominant influence of cork type in the
first 6-12 months after bottling.>® For this reason, wines were analyzed in July 2022, one year
post bottling. Three bottles of each treatment were sent to Tastry and one bottle was sent to



ETS in July 2022. Tastry uses analytical chemistry and automated feature engineering to
describe the flavor matrix of wine. Al 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, only concentrations themselves were used for analysis.

Free SO, was measured using a Sentia wine analyzer when bottles were opened for
sensory analysis (Jan 25, 2023). A second bottle of each treatment was sent to Imbibe solutions
the following day to determine free and total SO;. Dissolved oxygen was measured for three
bottles of each treatment using a handheld DO meter inserted into the bottle immediately after
opening, before wine was poured for sensory analysis.

Sensory analysis was completed by a panel of 19 wine producers. Wines were presented
blind in randomly numbered glasses. Tasters were presented with four different wines, each
aged in bottles sealed with a different type of cork. Tasters were then asked to score each wine
on a scale of 0 to 10 for Chardonnay varietal character, fruit intensity, reduction and oxidation.
Tasters were also asked to estimate how long each wine had spent in the bottle. These values
were converted to years. Lastly, tasters were 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.

The oxygen transmission rate of the closure becomes more important 2-30 years into
the life of the bottled wine. These results represent effects a full year post bottling. Wines will
be analyzed again after 3 years in bottle to allow time for OTR effects to work.

Results

Wine chemistry after one year of aging in bottle was very similar among the treatments
(Table 2). The wine aged with Diam 10 had slightly lower A420 nm in July 2022, indicating
potentially less oxidation in this wine.

Both in July 2022 and again in January 2023, the wine bottled with natural cork had the
lowest level of free SO, among the treatments (Figure 1), which is consistent with the higher
OIR value expected in natural vs. agglomerated cork (Table 1). Less oxygen ingress (through
initial release and transmission over time) in the agglomerated cork leads to fewer binding
targets for SO, allowing more SO; to remain in the free form. Regardless of closure, each of the
wines still had sufficient free SO, to provide antioxidant protection (which is thought to be 11-
12 ppm). There was a wide range of dissolved oxygen values among bottles, even within the
same treatment (Figure 2). Bottles with the highest DO values also had noticeably lower fill
volumes, indicating the difference in DO was more likely due to the introduction of oxygen in
the headspace during bottling rather than oxygen ingress through the closure. The AWRI
oxygen management audits have shown that 60% of total package oxygen comes from the



headspace at bottling.’ If using a manual fill line, checking fill height regularly may be a good
strategy for reducing total package oxygen.

A comparison of raw concentrations of odor active compounds can be found in
Appendix 1. For each, three bottles were tested and values were averaged. A list of descriptors
and threshold values for these odor active compounds can be found in Appendix 2. Odor active
values have been taken from published sources including AWRI, UC Davis, and others.

Some odor active compounds do appear to be significantly different among cork types
(Table 3), however in some cases these molecules are below the odor threshold and therefore
differences may not be perceptible. For example, wines bottled with natural and Diam 3 corks
have lower levels of eugenol than those bottled with Diam 5 and Diam 10 corks. However, the
threshold for detection of eugenol in wine is 15 ug/L and each of these values is below 10 ug/L.

In other cases, such as seen in ethyl decanoate, compounds are present at levels above
the sensory threshold (0.2 mg/L is the threshold for this compound), however values for
detection of sensory differences are not known. Though 0.2 mg/L can be detected, is a
difference of 0.23 mg/L (Diam 10) perceptibly different from 0.33 mg/L (natural cork)? In
addition, perception of sensory compounds is very influenced by context, as is evidenced by the
number of descriptors often offered for the sample compound.

Several compounds (ethyl octanoate, 2-methyl butanol, acetaldehyde, isoamyl alcohol,
and isobutyl alcohol) were found in similar concentrations in wines sealed with natural cork and
Diam 3 but different concentrations in wines sealed with Diam 5 or Diam 10 closures. This
relationship was also apparent in a 69-component, partial least squares-discriminant analysis
performed by the Tastry algorithm (Figure 3). However, when scored by winemakers, there
were no perceptible differences in sensory characteristics among the wines for any of the
descriptors scored (Table 4). Additionally, scores for estimated time in the bottle were very
similar among all cork types (Table 5).
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Table 1: Price, oxygen initial release and oxygen transmission rate for four different types of

corks*
Cork Type OIR OTR Price/1000 | Other
Natural 2.5 mg/L 2.6 mg/year $375-495 Depends on
(Amorim Medium) grade
D3 1.6 mg/L Medium (0.6 mg/year) | $182 TCA free
D5 1.3 mg/L Low (0.4 mg/year) $235-5249 | TCA free
D10 0.8 mg/L Very Low (0.3 mg/year) | $282 TCA free

*Diam rates reported by manufacturer. Amorim rates reported by Wine and Beer Supply

Table 2: Wine Chemistry of Reserve Chardonnay bottled with four different types of corks
(August 2022, ETS Labs)

Cork Type pH TA (g/L) acetic acid (g/L) A420 nm
Natural 3.27 7.1 0.25 0.08
D3 3.27 7 0.25 0.078
D5 3.27 7.1 0.24 0.077
D10 3.26 7.1 0.25 0.074

Figure 1: Free SO, measured in July of 2022 and January of 2023. In January, Free SO; was
measured in duplicate for Diam corks and five times for natural corks. Endcap values report
Total SO..

18
(86) (85) (79)

D10

(82) (74) (75)

86
16 (86)
14
(71)
12
10
0
Nat D3 D5

B Jul-22 ®mJan-23

Free SO2 (mg/L)
()] (o]

S

N




Figure 2: Dissolved oxygen in January 2023 (WRE in-house data). Numbers in parenthesis in the
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Table 3: Odor active compounds for reserve Chardonnay bottled with four different cork types. Only compounds with significant

differences between types are shown (Tastry, July 2022).

Natural D3 D5 D10 Threshold
Average SD Average SD Average SD Average SD
ug/L EUGENOL 6.67 0.47 6.00 0.00 7.00 0.82 7.67 0.47 15ug/L
FURFURAL 160.00 8.16 160.00 8.16 160.00 0.00 150.00 0.00 15 mg/L
mg/L ETHYL DECANOATE 0.33 0.05 0.30 0.00 0.37 0.05 0.23 0.05 200 ug/L
2-METHYL BUTANOL 28.67 1.70 29.67 1.25 31.67 0.47 31.67 0.94
2-PHENYLETHANOL 15.33 0.47 15.00 0.82 14.67 0.47 14.00 0.82 14 mg/L
me/L ACETALDEHYDE 34.00 0.82 34.33 0.47 33.00 0.82 36.33 1.70 100 mg/L
ISOAMYL ALCOHOL 154.00 5.35 152.00 5.72 143.67 1.25 130.33 7.36 30 mg/L
ISOBUTYL ALCOHOL 15.00 0.82 15.00 0.00 14.00 0.00 13.00 0.82 40 mg/L
PROPANOL 20.33 0.47 20.00 0.82 18.00 0.00 16.67 1.25 500 mg/L
ug/L 4-ETHYLPHENOL 1.33 0.47 1.33 0.47 1.33 0.47 2.33 0.47 440 ug/L




Table 4: Descriptive scores from WRE Sensory Session (January 2023)

Diam 3 Diam 5 Diam 10 Natural Cork F P
Descriptor Mean SD Mean SD Mean SD Mean SD
g:::g(c:)tr;r;ay Varietal 63 | 2.02 5.9 1.84 6 2.34 6 1.95 0.18 0.91
Fruit Intensity 6.1 2.19 5.2 1.96 5.2 1.94 5.8 1.59 1.34 0.26
Reduction 3.7 1.35 3.6 1.54 4.3 1.65 4.2 1.67 1.62 0.19
Oxidation 4 1.76 4.6 2.16 4.7 2.16 4.9 1.9 1.08 0.36

Table 5: Estimate Time (Years) Spent in Bottle of Chardonnay

Diam 3 Diam 5 Diam 10 Natural Cork
Mean SD Mean SD Mean SD Mean SD
1.5 0.92 1.6 1.37 1.9 1.37 1.7 1.08




Figure 3: 69 Component, Partial Least Squares-Discriminant Analysis “PLS-DA” for three replicates of Reserve Chardonnay bottled
with four types of corks (Tastry, July 2022)
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Appendix 1: Comparison of odor active compounds for Reserve Chardonnay bottled with four different cork types (Tastry, July 2022)

Natural D3 D5 D10

Average SD Average SD Average SD Average SD
CIS OAK LACTONE 87.67 403 8767 094 79.00 082 89.00 294
EUGENOL 667 047 600 000 7.00 082 7.67 047
FURFURAL 160.00 816 160.00 8.16 160.00 0.0 150.00 0.00
Oak (ug/L)  FURFURYL ETHYL ETHER 1000 000 1000 000 10.00 0.00 1000  0.00

ISOEUGENOL <6 <6 <6 <6 <6 <6 <6 <6
5-METHYLFURFURAL 3000 1.63 29.67 125 2867 047 28.00 0.00
TRANS OAK LACTONE 4400 0.82 4500 0.82 4133 047 4500 1.41
2-PHENYLETHYL ACETATE <015 <0.15 <0.15 <0.15 <0.15 <015 <015 <0.15
ETHYL BUTYRATE 030 000 030 000 030 000 033 005
ETHYL DECANOATE 033 005 030 000 037 005 023 005
_ ETHYL HEXANOATE 093 005 093 005 097 005 097  0.05
Fr“('ggE/sLt)ers ETHYL ISOBUTYRATE 010 000 010 000 010 000 020  0.00
ETHYL ISOVALERATE <02 <02 <02 <02 <02 <02 <02  <0.2

ETHYL OCTANOATE 1.07 009 107 005 117 005 097 005

ETHYL PROPANOATE 020 000 020 000 020 000 023  0.05
ISOAMYL ACETATE 027 005 030 000 030 000 030  0.00
2-METHYL BUTANOL 2867 170 29.67 125 31.67 047 3167 0.94
2-PHENYLETHANOL 1533 047 1500 0.82 1467 047 1400 0.82
ACETALDEHYDE 3400 0.82 3433 047 33.00 082 3633 1.70

efirar BUTANOL 037 005 040 000 040 000 037  0.05
Alcohols  ETHYL ACETATE 2633 0.47 2667 047 2667 125 2733  0.94
(mg/L) HEXANOL 120 008 120 000 120 000 097 005
ISOAMYL ALCOHOL 15400 535 15200 572 143.67 125 13033 7.36

ISOBUTYL ALCOHOL 1500 0.82 1500 000 1400 000 13.00 0.82
METHANOL 3500 0.00 3500 000 3500 000 3567 047




Secondary
Fermentation

(mg/L)

Terpenes &
Norisoprenoids

(mg/L)

Aldehydes
(mg/L)

Brett (ug/L)

PROPANOL
DIACETYL

DIETHYL SUCCINATE
ETHYL LACTATE

ETHYL METHYL CARBONATE

(E)-LINALOOL OXIDE
(Z)-LINALOOL OXIDE
ALPHA IONONE
GAMMA TERPINENE
TERPINOLENE
LINALOOL
BENZALDEHYDE
ISOBUTYRALDEHYDE

ISOVALERALDEHYDE

4-ETHYLGUAIACOL
4-ETHYLPHENOL

20.33
<0.8
5.00

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND

ND
1.33

0.47
<0.8
0.00
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
0.47

20.00
<0.8
5.00

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND

ND
1.33

0.82
<0.8
0.00
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
0.47

18.00
<0.8
5.00

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND

ND
1.33

0.00
<0.8
0.00
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
0.47

16.67
<0.8
5.00

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND

ND
2.33

1.25
<0.8
0.00
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
0.47




Appendix 2: Sensory impacts of odor active molecules in wine (Tastry)

Category Compound Descriptors Threshold
CIS OAK LACTONE sweet, spicy, coconut, vanilla 25 ug/L
EUGENOL sweet, spicy, clove, woody 15 ug/L
FURFURAL sweet, brown, woody, bready, caramellic, slightly phenolic 15,000 ug/L
Oak FURFURYL ETHYL ETHER sweet, spicy 430 ug/L
ISOEUGENOL sweet, spicy, clove, woody 15 ug/L
5-METHYLFURFURAL sweet, brown, caramel, grain, maple 16, 000 ug/L
TRANS OAK LACTONE spicy, coconut, clove, celery, incense 110 ug/L
2-PHENYLETHYL ACETATE floral, rose, sweet, honey, tropical 250 ug/L
ETHYL BUTYRATE fruity, juicy, pineapple, cognac 20 ug/L
ETHYL DECANOATE sweet, waxy, fruity, apple, grape, oily, brandy 200 ug/L
ETHYL HEXANOATE sweet, fruity, pineapple, waxy, green, banana 14-50 ug/L
=iy (s ETHYL ISOBUTYRATE Sweet, brown, caramel, grain, maple 15 ug/L
ETHYL ISOVALERATE fruity, sweet, apple, pineapple, tutti frutti 3ug/L
ETHYL OCTANOATE waxy, fruity, winey, pineapple, creamy, fatty, soapy, cognac 5-20 ug/L
ETHYL PROPANOATE sweet, fruity, rum, grape, juicy, pineapple 1800 ug/L
ISOAMYL ACETATE sweet, fruity, banana, solvent i(g)/—L15O
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 | 14 mg/L
Higher ACETALDEHYDE Grass, green, apple, sherry, pungent 100 mg/L
Alcohols BUTANOL fusel oil, sweet balsam, whiskey
ETHYL ACETATE ethereal, fruity, sweet, weedy, green 12 mg/L
HEXANOL ethereal, fusel oil, fruity, alcoholic, sweet, green 4 mg/L
ISOAMYL ALCOHOL fusel oil, alcoholic, whiskey, fruity, banana 30 mg/L




ISOBUTYL ALCOHOL ethereal, winey, cortex 40 mg/L
METHANOL alcoholic
PROPANOL alcoholic, fermented, fusel, musty 500 mg/L
DIACETYL strong, butter, sweet, creamy, pungent, caramel
Secondary DIETHYL SUCCINATE mild fruity, cooked apple
Fermentation | ETHYL LACTATE sharp, tart, fruity, tart, butterscotch, buttery, creamy, coconut 0.15 mg/L
ETHYL METHYL CARBONATE
(E)-LINALOOL OXIDE floral, herbal, earthy, green
(Z)-LINALOOL OXIDE earthy, floral, sweet, woody
Terpenes & ALPHA IONONE sweet, woody, floral, violet, tropical, fruity
Norisoprenoids | GAMMA TERPINENE oil, woody, lemon/lime, tropical, herbal
TERPINOLENE fresh, woody, sweet, pine, citrus
LINALOOL citrus, orange, floral, waxy, rose 25 ug/L
BENZALDEHYDE strong, sharp, sweet, bitter almond, cherry
Aldehydes ISOBUTYRALDEHYDE fresh, aldehydic, floral, green
ISOVALERALDEHYDE ethereal, aldehydic, chocolate, peach, fatty
Brett 4-ETHYLGUAIACOL spicy, smoky, bacon, phenolic, clove (ug/L)
4-ETHYLPHENOL smoky, phenolic, barnyard 440 ug/L




