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Abstract

Changes in Phenylpropanoid Metabolism

Glycosidically-Bound VP Stability in Wine

It is well established that the concentration of volatile phenols and their glycosides correlate to a wine defect known
as smoke taint, which can occur when fermentation is performed using Vitis vinifera berries that were exposed to forest
fire smoke. There are conflicting reports regarding the stability of the volatile phenolic glycosides that survive
fermentation, with some studies suggesting their hydrolysis can increase the intensity of smoke taint during bottle
aging. Conclusive data (based on chemical stability tests) demonstrating a lack of glycoside hydrolysis in wine will be
discussed, as well as what these data tell us about other compounds that may correlate to smoke taint.
Vitis vinifera naturally produces volatile phenols (e.g., guaiacol and syringol) as part of the phenylpropanoid and/or
shikimic acid metabolic pathways. An influx of exogenous volatile phenols from smoke could cause changes in the
relative concentrations of secondary metabolites associated with these biosynthetic pathways. Additionally, since
phenylpropanoids are, at least in part, regulated by plant stress, it is conceivable that smoke exposure could induce
changes in the endogenous expression of phenylpropanoids independent of the presence of smoke-borne volatile
phenols. To investigate these hypotheses the concentrations of key metabolites in the phenylpropanoid/shikimic acid
pathways were analyzed in smoke-exposed and control berry and wine samples. The impact of these studies on the
objective assessment of smoke taint in grapes will be discussed.
Finally, the enzymatic activity of four Saccharomyces strains were explored by performing fermentations on smokeexposed berries and monitoring the volatile phenols produced following primary fermentation. The results of these
fermentations will be presented as a starting point to develop in-winery solutions to mitigate the ongoing impact of
forest fires.

Figure 6. The stability of VP-glycosides in a commercial Cabernet franc over 12 weeks at ambient conditions (n = 3, ±1
SE). The dominant storage form (diglycosides, left) are stable in the wine, suggesting that spontaneous hydrolysis of
such glycosides to release the organoleptic volatile phenols may not occur at rates that would increase the intensity of
smoke-taint during bottle aging, as has been reported3,4. The glucosides of different volatile phenols show different
stability as a function of the volatile phenol (right). Data were normalized against time = 0 for each compound.

Introduction

Diglycosides of volatile phenols are stable in wine over 12 weeks.

Figure 3. The biosynthesis of guaiacol and eugenol and the phenylpropanoid metabolites that could potentially be
impacted by the exposure of V. vinifera vines to the smoke from wildland fires. Names in bold typeface are compounds
for which analytical standards were obtained.
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Figure 1. Smoke-exposure does no always mean perceptible smoke-taint (top). Some of the negative sensory aspects
of smoke-taint correlate to a suite of organoleptic volatile phenols (VPs, bottom)1 that are produced during the combustion
of plant matter and carried in the smoke to vineyards where they can accumulate in the berries and are subsequently
extracted into the wine.
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Figure 2. VPs are stored as an array of glycosides (top)2. Yeast, bacterial and grape enzymes may release the free VP
during fermentation or aging, increasing the intensity of smoke-taint (bottom). After release, the free VPs will have a direct
impact on the intensity of perceptible smoke taint. There is conflicting evidence regarding the fate of the glycosidicallybound VPs during botte aging.

What causes smoke-taint? How can we predict it?

How can we mitigate it?

Methods

Pinot noir from 3 vineyards
Pinus ponderosa fuel
Matched control berries

Sample processing

Homogenized berries
Microferments of each vine
Macroferments for sensory
Microferments with different yeast

Sample analysis

Figure 5. Statistically significant (MannWhitney U test, α = 0.05, n = 10/treatment
group)
changes
in
phenylpropanoid
metabolites as a function of smoke-exposure
(right). The values represent a ratio of
medians (𝑥𝑠𝑚𝑜𝑘𝑒−𝑒𝑥𝑝𝑜𝑠𝑒𝑑 Τ𝑥𝑐𝑜𝑛𝑡𝑟𝑜𝑙 ) for berries
(B) and wine (W). Unshaded cells with
values indicate a trend in the data that did
not meet the criteria for a statistical
difference.
Blank cells were either not
detected,
or
displayed
no
overt
trends/statistical
significance
between
treatment groups. Representative boxwhisker plots of phenylpropanoid metabolites
in control (-) and smoke-exposed (+) Pinot
noir berries at commercial maturity and
wines after primary fermentation (bottom).
Center lines show medians, box limits
indicate the 25th and 75th percentiles,
whiskers extend to 1.5 times the interquartile
range from the 25th and 75th percentiles,
points beyond these ranges were assigned
as outliers (not shown).
* Statistical
difference from respective control samples
(Mann-Whitney U test, α = 0.05).
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Figure 7. Microferments were conducted on smoke-exposed
Pinot noir using four strains of yeast, including one organism
unique to the Okanagan Valley of British Columbia, Canada
(SU01). Comparing the free volatile phenols to the acid-labile
volatile phenol conjugates provided evidence that yeast could be
selected to reduce the production of free phenol, while also
impacting the hydrolysis of the conjugated forms of volatile
phenols. Data are normalized for each compound (dotted line =
1.00) and are shown ± 1 SE (n = 3).

free phenol

It may be possible to identify yeast that minimize the production of free VPs.

Summary
• Smoke-exposure on-vine leads to changes in phenylpropanoid metabolites in berries and wines
• The observed changes include compounds important to mouth feel and color, as well as the
putative health benefits of wine
• The dominant storage form of VP-glycosides do not spontaneously hydrolyze in wine over 12
weeks, suggesting an alternate source of increased smoke-taint intensity during bottle aging
• The selection of yeast strains that limit the release of free volatile phenols (regardless of their
origins) may be a viable approach to mitigating the intensity of smoke-taint during fermentation
• Future studies should evaluate potential alternate storage forms of volatile phenols in berries
that could be make it into wine and be problematic during fermentation and aging
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Figure 4. Free VPs from three vineyards (V1 – V3) in the Okanagan Valley of British Columbia, Canada. Concentrations
in control (-) and smoke-exposed (+) berries (B) and wines (W) are presented (n = 3 – 10 depending on vineyard and
matrix). The control and smoke-exposed wines from V1 were taken through a sensory difference test, with 16/23
panelists (95% confidence) identifying a difference between the two wines. Anecdotally, the smoke-exposed wine from V1
had a strong ashy taste, which is one of the hallmark sensorial descriptions of a smoke-tainted wine. * significant
difference by Mann-Whitney U-test (α = 0.05).
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