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Ensuring wine quality is crucial. However, the rise in quercetin deposits in red
wines, particularly those made from Sangiovese grapes, is escalating due to
factors such as machine harvesting and climate change' 2 3 4. This issue extends
beyond mere visual inconveniences linked to bottled wine to concerns about
potential organoleptic damage. Currently used methods, such as PVPP fining,
are prohibited in organic wine production under EU regulation n. 203/2012.
To address this issue, the present study explored an organic-friendly solution that
involves the use of a pectolytic enzyme with secondary glycosidase activity. The
enzyme was validated in Chianti wine production and was observed to significantly
accelerate the hydrolysis of glycosylated quercetins, giving their aglycone form.
This accelerated process enhanced deposition before bottling without causing
significant wine colour depletion, thus can be considered a promising approach

even for organic winemakers.

First approach:
means of fining agents

Various fining agents target phenolic compounds, but there is no :
specific method for quercetin removal. PVPP, commonly used in :

winemaking, has minimal impact on aroma and polyphenols®. In wine,

PVPP did not significantly affect quercetin glycosides (Figure TA), butit :
showed a dose-dependent interaction with quercetin aglycone (Figure
1B). Other agents had limited effects, except for the PVI/PVP polymer :

[DW) at a higher dose. Despite endorsing PVPP as a viable option,

60 g/hl may be insufficient for aglycone removal. In another :
experiment in which each of the two main glycosides of quercefin :
quercetin-3-glucoside :

were separately monitored  (Figure  2),
naturally degraded to aglycone during fermentation; meanwhile,

quercefin-3-glucuronide remained unmodified, thus is a potential :

source of quercetin aglycone postPVPP treatment. PVPP can adversely FIGURE 2. Quercetin Compounds in Sangiovese Grapes: 24-Day Alcoholic Fermentation with Skin

* Maceration. FOH begins: start of alcoholic fermentation.
regulations restricting PVPP in organic wine highlight the need for :

affect wine quality, impacting colour and specific compound®. EU

alternative treatments in the organic wine market.
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FIGURE 1. Content of quercetin glycosides (A) and quercetin aglycone (B) in wine affer fining.

1 The translation of this article info English was offered to you by Moét Hennessy.
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: Second approach: pectolytic enzyme with
: secondary glycosidase activity

i To address the quercetin precipitation problem, it is necessary
To remove both the aglycone and its precursor. First, we fested
o pectolytic enzyme using recommended (4 g/hl) and higher
[40 g/hl) doses. Both treatments rapidly reduced quercetin glycosides
¢ and increased aglycone within days. Quercetin quantification showed
concentroﬂon-dependent glycoside degradation (Table 1). Glycosidic
¢ enzymes impact wine compounds, colour and aroma, and can couse
¢ sluggishness under winery conditions and rapid tannin deactivation”.
: Adding glucosidase early on in the aging process could be a way

. of dealing with these issues. Further experiments assessed the real
. applicability of the enzymatic approach in winery.

¢ To assess the effectiveness of glycosidase in reducing quercetin in

i young Chianti wine, we monitored quercetin glycoside and aglycone
: evolution during barrel aging. We confirmed the occurrence of natural
i glycoside degradation in the untreated control wines (TQ), with a one-
 third decrease in total quercetin glycosides over four months. Benfonite
¢ treatment had no significant effect on the quercetin glycosides,
mdicoting the absence of endogenous glycosidases, as well as the
occurence of slow chemical degradation. Enzyme treatment (ENZ)
resuhed in a consistent aglycone increase for 100 days, with quercetin
: glycosides dropping below control levels. While the glycosides

: continued to decrease, aglycone levels reached a plateau before the
¢ completion of barrel aging, a likely saturation point for precipitation.
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TABLE 1. Quercefin confent in Sangiovese wine with pectolytic enzyme treatment at 4 g/hL and 40 g/hL, compared to untreated wine (test).

Quercefin glycoside Quercefin aglycone
Days affer treatment
Test 4g/hL 40 g/hL Test 4g/hL 40 g/hL
0 91.0+4.0 28+04
2 820+£6.0(¢-10%  65.0+4.0(-29%) 4210 (+49%  104+3.1(+270%)
7 750£6.0(¢-18%)  46.0£6.0 (-49%) 101220 (+261%)  19.5+3.9 (+597 %)

Similar patterns were observed in wines from two independent

reduction); overall, the impact on colour was minor.
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FIGURE 3. Quercefin Evolution in Wines 1 (Winery 1) and 2 (Winery 2) with and without Enzyme

Treatment.
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: Conclusion
WIneries (Figure 3). A concem regarding enzymafic treatment is - 15 gy mmarise, while PVPP has proved fo be superior to other fining
fls impact on ‘?”“er g|ycosy|olf§d components, like onfhocyo'n.ms, : agents for quercetin aglycone removal, it falls short of resolving the
potentially affecting colour stability. One year after enzyme addition, : orecipitafion challenge. Our proposed enzymatic freaiment resulis in
a colour analysis showed a slight decrease in red colour intensity (8 % "< te™ 4 ion in quercefin alveosid hanci ine stabili

: quercetin glycosides, enhancing wine stability.
. Applied early on in the aging process, it enables natural aglycone
: precipifation before bottling, as validated by experiments in two
* wineries. With minimal impact on anthocyanins, the enzymatic
. approach emerges as a promising mean of preventing quercefin
: precipitation without compromising wine colour. To further explore the
: effects of enzyme addition on wine composition, additional analyses

i on nonvolatile phenolics and aroma compounds will be necessary. B

1 Price, S.F, Breen, PJ., Valladao, M., & Watson, B.T. (1995). Cluster Sun
Exposure and Quercetin in Pinot noir Grapes and Wine. Am J Enol Vitic 46(2)
187-194. hitps://doi.org/10.5344/AEV.1995.46.2.187

2 Blancquaert, E.H., Oberholster, A., Ricardo-da-Silva, J.M., & Deloire, A J.
(2019). Effects of Abiotic Factors on Phenolic Compounds in the Grape Berry
— A Review. South African Journal of Enology and Viticulture, hitps://doi.
org/10.21548,/40-1-3060

3 Gambuti, A., Picariello, L., Rinaldi, A., Forino, M., Blaiotta, G., Moine, V.,
& Moio, L. [2020). New insights into the formation of precipitates of quercetin
in Sangiovese wines. | Food Sci Technol 5717) 2602-2611, hitps://doi.
org/10.1007/S13197-020-04296-7

4 \endramin, V., Pizzinafo, D., Sparrow, C., Pagni, D., Cascella, F., Carapelli,
C., & Vincenzi, S. [2022). Prevention of quercefin precipitation in red wines:
a promising enzymafic solufion. OENO One 56(1) 41-51, htips://doi.
org/10.20870,/OENO-ONE.2022.56.1.4699

5 Llisanti, M.T., Gambuti, A., Genovese, A., Piombino, P, & Moio, L.
(2017). Treatment by fining agents of red wine affected by phenolic offodour.
European Food Research and Technology, 243(3) 501-510, https://doi.
org/10.1007/500217-016-2763-4

6 Gil, M., louazil, P, lturmendi, N., Moine, V., Cheynier, V., & Saucier, C.
(2019). Effect of polyvinylpolypyrrolidone freatment on rosés wines during
fermentation: Impact on color, polyphenols and thiol aromas. Food Chem 295

493-498, hitps: //doi.org/10.1016/). FOODCHEM.2019.05.125
7 Claus, H., & Mojsov, K. (2018). Enzymes for Wine Fermentation: Current

and Perspective Applications. Fermentation 2018, Vol 4, Page 52 4(3) 52,
https://doi.org/10.3390,/FERMENTATION4030052

This work is licensed under a Creative Commons Attribution 4.0 International License.  m—— Vi


https://doi.org/10.5344/AJEV.1995.46.2.187
https://doi.org/10.21548/40-1-3060
https://doi.org/10.21548/40-1-3060
https://doi.org/10.1007/S13197-020-04296-7
https://doi.org/10.1007/S13197-020-04296-7
https://doi.org/10.20870/OENO-ONE.2022.56.1.4699
https://doi.org/10.20870/OENO-ONE.2022.56.1.4699
https://doi.org/10.1007/S00217-016-2763-4/FIGURES/1
https://doi.org/10.1007/S00217-016-2763-4/FIGURES/1
https://doi.org/10.1016/J.FOODCHEM.2019.05.125
https://doi.org/10.3390/FERMENTATION4030052
https://creativecommons.org/licenses/by/4.0/
https://ives-technicalreviews.eu/

