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Treating smoke-affected wine with glycosidase enzymes

Background

When grapes are exposed to smoke, they can absorb volatile phenols, which bind to sugars in the
grapes forming non-volatile phenolic glycosides (Figure 1). In juice and wine, both volatile phenols
and their glycosides can cause unpleasant ‘ashy’ and ‘smoky’ sensory sensations and a lingering
aftertaste, commonly described as ‘smoke taint'.

What are glycosidases and how can they be used to mitigate smoke
taint?

Glycosidases are enzymes that catalyse the hydrolysis of glycosidic bonds in complex sugars. In
grapes, phenolic glycosides are formed when volatile phenols from smoke are absorbed into the
grape berry. During fermentation, a portion of these glycosides can be broken down, due to
glycosidase activity of added enzymes, yeast and bacteria. This leads to the release of volatile
phenols into the wine and may increase its ‘smoky’ sensory characteristics. However, not all
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phenolic glycosides are degraded during fermentation and as such they can remain in finished
wine. Their presence in wine can be problematic as they can gradually hydrolyse during ageing and
storage to release volatile phenols. For example, they could also pose a problem if present in
sparkling base wines as the secondary fermentation might further degrade the phenolic glycosides
and release additional volatile phenols into the sparkling wine. Furthermore, there is potential for
phenolic glycosides to undergo in-mouth release during consumption due to the presence of
glycosidases in human saliva (Parker et al. 2012, Mayr et al. 2014, Parker et al. 2020).

Consequently, the motivation for using glycosidase enzymes to combat smoke taint in wine is to
reduce the concentrations of phenolic glycosides by cleavage of their sugar units releasing volatile
phenols at early stages of winemaking. The volatile phenols can then be removed by treating with
activated carbon or nanofiltration. Trials were conducted to investigate the viability of using
commercially available glycosidases to treat smoke-affected wines.
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Figure 1. Schematic describing the formation of phenolic glycosides from volatile phenols (VPs)
contained in smoke and sugars present in grapes and their degradation back to volatile phenols via
glycosidase activity
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Assessing the performance of glycosidases in treating smoke-affected
wine

Glycosidases and wine types evaluated

Smoke-affected Chardonnay, Pinot Noir, Tempranillo, Durif, Shiraz and Muscat wines were treated
with commercially available glycosidases in a commercial winery. The list of glycosidases evaluated,
their manufacturer/supplier and the dose rates applied are listed in Table 1. Wines were typically
treated at 15-17°C and glycosidase contact time varied from 2 to 8 weeks (typically a minimum of 3
weeks).

Table 1. Glycosidases evaluated in smoke taint remediation trials and dose rates applied

Glycosidase Manufacturer (supplier) Product name Dose rate
1 Erbsloh (Victus International) Trenolin® Bouquet PLUS 15 mL/hL
2 DSM Rapidase Revelation Aroma 3g/hL
3 Vason Zimarom 3g/hL
4 Martin Vialatte (Grapeworks) Viazym Aroma 5g/hL

Impact on smoke compounds and wine sensory characteristics

The sum of the volatile phenols (n=7) and sum of the phenolic glycosides (n=6), along with the
mean ratings for smoke aroma and smoke flavour for all wines treated with glycosidases are
provided in Table 2.

The concentrations of the six phenolic glycosides analysed were reduced by 30-100% (average 67%)
with glycosidase treatment. The variation observed was influenced by the glycosidase used as well
as treatment temperature, glycosidase contact time and wine type.

The Muscat wine (18.4 v/v% alcohol) had the lowest reduction, probably a consequence of the low
wine storage temperature (only 12°C) and elevated sugar levels (i.e. 321 g/L) of this style, which
likely inhibits glycosidase activity.

Of the four glycosidases evaluated, glycosidase 1 was the most effective at reducing the
concentrations of the phenolic glycosides as it could degrade the rutinosides (RGs) in addition to
the gentiobiosides (GGs, glucose-glucose). The other three glycosidases were only able to degrade
the gentiobiosides. These results support previous research findings (Culbert et al. 2020).
Glycosidase 1 reduced the concentrations of the six phenolic glycosides to below 1 in Chardonnay,
Pinot Noir (wine 1) and Pinot Noir/Chardonnay wines after a contact time of 8 weeks at 17°C.
Additional time course studies of these wines indicated that >90% of these phenolic glycosides
were already broken down after a contact time of 3 weeks at 17°C.

Glycosidases 2, 3 and 4 behaved very similarly (both chemically and sensorially), and wines treated
with those three glycosidases were blended prior to bottling and formal sensory evaluation.
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Table 2. Sum of volatile phenols, sum of phenolic glycosides and mean ratings for smoke aroma and smoke flavour for each of the

control wines and wines treated with glycosidases

Sum of Sum of Significantly

volatile phenolic different from
Treatment phenols, glycosides, Smoke smoke the control?

ug/L ug/L aroma flavour
(n=7) (n=6)

Chardonnay wine
Control 6 70 0.80 1.46 -
Glycosidase 1 18 <1 1.62 3.25 Yes, flavour only
Glycosidases 2-4 19 23 3.22 4.42 Yes, aroma and flavour
Pinot Noir wine 1
Control 9 81 1.58 1.90 -
Glycosidase 1 22 <1 1.39 3.17 Yes, flavour only
Glycosidases 2-4 29 29 2.03 3.17 Yes, flavour only
Pinot Noir/Chardonnay wine
Control 15 119 1.00 1.51 -
Glycosidase 1 32 <1 2.57 4.04 Yes, aroma and flavour
Glycosidases 2-4 29 39 2.73 418 Yes, aroma and flavour
Pinot Noir wine 2
Control 43 55 1.18 2.20 -
Glycosidase 1 43 21 1.77 2.75 No
Tempranillo wine
Control 26 126 0.89 1.39 -
Glycosidase 1 25 57 1.58 2.87 Yes, flavour only
Durif wine
Control 24 395 0.15 0.75 -
Glycosidase 1 + Fenol Free 31 189 1.39 2.51 Yes, aroma and flavour
Shiraz wine
Control 56 161 0.42 1.19 -
Glycosidase 3 + PROVGREEN 56 92 1.12 1.56 No
Muscat wine
Control 36 230 1.27 1.25 -
Glycosidase 1 + Granucol GE 36 162 1.68 2.18 Yes, flavour only

*Based on the sensory ratings for smoke aroma and smoke flavour;

Glycosidase 1 = Erbsloh Trenolin Bouquet Plus 15 mL/hL; Glycosidase 2 = DSM Rapidase Revelation Aroma 3 g/hL; Glycosidase 3 = Vason
Zimarom 3 g/hL; Glycosidase 4 = Martin Vialatte Viazym Aroma 5 g/hL;

Glycosidases 2-4 refer to a blended wine containing an equal proportion of wines individually treated with glycosidases 2, 3 and 4.

Sum of volatile phenols = additive concentrations (in pg/L) of 4-methylguaiacol, guaiacol, o-cresol, p-cresol, m-cresol, syringol and 4-
methylsyringol; sum of phenolic glycosides = additive concentrations (in pg/L SyGG equivalents) of Syringol gentiobioside (SyGG),
methylsyringol gentiobioside (MSyGG), phenol rutinoside (PhRG), cresol rutinoside (CrRG), guaiacol rutinoside (GURG) and 4-
methylguaiacol rutinoside (MGURG).

Fenol Free, PROVGREEN and Granucol GE were dosed at 0.5, 0.4 and 0.5 g/L, respectively.
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Despite the reductions in phenolic glycoside concentrations observed in all wines, an increase in
the concentrations of volatile phenols was only seen for 50% of the wines. As the six phenolic
glycosides reported are disaccharides (two sugar units attached to one volatile phenol molecule) it
is possible that the observed reductions in their concentrations without a corresponding increase
in the concentrations of volatile phenols may have resulted from cleavage of one sugar unit to form
the corresponding monoglucosides (one sugar unit attached to one volatile phenol molecule)
rather than cleavage of both sugars to release the volatile phenols. This phenomenon has been
observed in previous investigations (Culbert et al. 2020) but why it occurs in some wines and not
others is unknown.

It should also be highlighted that the direct influence of the glycosidase treatment alone on smoke
compounds in the Durif, Shiraz and Muscat wines is unknown as they underwent further treatment
with products that can absorb volatile phenols (see Table 2). For these wines, the volatile phenol
concentrations post-glycosidase treatment were likely higher than those measured after the
secondary treatment. The ratings for smoke aroma and smoke flavour were higher for all wines
treated with glycosidases, and in most instances these increases were statistically significant for
one or both sensory attributes.

Impact of dose rate and wine temperature

The length of time needed for glycosidase enzymes to reduce the concentrations of phenolic
glycosides in smoke-affected wine is influenced by the enzyme dose rate and wine temperature,
with performance accelerated as both factors increase. At a wine temperature of 17°C, most
glycosidase enzyme activity occurs within three weeks at the highest recommended dose. Contact
time beyond three weeks can provide further benefit for the slower acting glycosidases (i.e.
glycosidases 2-4) but is less beneficial for the faster-acting glycosidase 1.

Similar glycosidase activity was observed in smoke-affected wine after one week at 25°C compared
to three weeks at 17°C, indicating that eventually the glycosidases ‘catch up’ at lower wine
temperature. Therefore, while higher wine temperatures can reduce the required contact time for
the glycosidase enzymes, it may be more practical to keep wine at lower temperature (15-17°C) and
extend contact times and/or increase enzyme dose rate to ensure wine integrity is maintained.

Conclusions/recommendations

In all instances where glycosidases were the sole treatment, there was an increase in ratings for
smoke aroma and smoke flavour compared to the control wine and in most instances these
increases were statistically significant. An increase in the perception of smoke characters following
the use of glycosidases was often associated with an increase in the concentration of volatile
phenols. Unless glycosidases are used prior to an additional treatment to reduce the
concentrations of volatile phenols, glycosidase treatment alone may exacerbate the perception of
smoke taint. Further research is being undertaken to determine the stability of phenolic glycosides
during bottle ageing to further evaluate potential benefits from reducing the concentration of these
compounds in wine.
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