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1.0 SUMMARY
Bottled Sangiovese wines can occasionally throw unsightly sediment, even
if clear at bottling. While not altering the wines’ taste, this deposit is unexpected
and may cause consumer and trade complaints, qualifying as a fault.
Studies have confirmed that this sediment is composed of quercetin aglycone
(QA), an antioxidant UV-protectant flavonol often found in discernible amounts in
wines with restricted yields and high total polyphenols such as Brunello di
Montalcino (BdM).
While the BdM denomination is experiencing rapid growth in organic viticulture,
only the non-organic Polyvinylpolypyrrolidone (PVPP) is reported to reduce QA
via fining. Tests with five organic-compliant agents were carried out on two
samples of BdM ready for bottling. PVPP was also tested as a benchmark.
The samples represented two common scenarios for wineries: one wine with a
higher amount of QA (22 ppm, high scenario) and the other with a lower amount
of QA (16.5 ppm, low scenario). Results compared with untreated samples
showed that organic-compliant deodorising and decolourising charcoals can
outperform PVPP in terms of QA removal. For charcoal, the lowest dose rates
demonstrate the best QA removal efficacy and lesser impact on the wines’
quality, measured as total concentration of anthocyanins and polyphenols
removed. Fining agents based on potato protein, chitosan and chitin-glucan
showed significantly lower QA removal efficacy, even when combined and at
high dose rates.
Semi-structured interviews with BdM wineries exposed that QA levels are
increasingly being monitored. Also, experimental practices to avoid unwanted
precipitations are being undertaken by wineries both individually and in collective
projects, demonstrating the topicality and relevance of the issue.
1
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2.0 GLOSSARY

Sangiovese = “Most widely planted grape variety in Italy and the principal variety
for fine red wine in Tuscany. The sole grape permitted for Brunello di
Montalcino.” (Robinson & Harding, 2015)

Anthocyanins = Natural phenolic glycosides responsible for the colour of grapes
and red wines, both as wine components and as precursors of other derived
pigments formed through reactions of anthocyanins with other wine components.
(Robinson & Harding, 2015)

Polyphenols = “Plant secondary metabolites featuring more than one phenolic
ring and derived from specific metabolic pathways.” (Robinson & Harding, 2015)

Flavonols = “Group of phenolic yellow pigments belonging to
the flavonoid family found mostly as glycosides. Quercetin glycosides, the most
common flavonols in grapes, are abundant in vine leaves and present in skins
and stems.” (Robinson & Harding, 2015)

Glycosides = Naturally occurring molecules made up of two parts joined by a
glycosidic linkage; one of the parts is a sugar and the other may be a non-sugar,
called an aglycone. (Robinson & Harding, 2015)

Aglycone = “Compound remaining after the glycosyl group on a glycoside is
replaced by a hydrogen atom.” (Robinson & Harding, 2015)
3

Hydrolysis = Hydrolysis is the reaction whereby glycosides are split into their
sugar and aglycone parts. (Robinson & Harding, 2015)

Co-pigmentation = “A mechanism of colour stabilisation, involving the
interaction of anthocyanin pigments with another molecule (co-pigment).”
(Robinson & Harding, 2015)

List of abbreviations

BdM

Brunello di Montalcino. Tuscan DOCG wine made entirely
with Sangiovese grape variety.

CBdM

Consorzio del Vino Brunello di Montalcino.
Producer association.

EU

European Union

OJEU

Official Journal of the European Union

ppm

parts per million

PVPP

Polyvinylpolypyrrolidone

QA

quercetin aglycone. Also referred to as ‘quercetin’

QG

quercetin glycosides
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3.0 INTRODUCTION

3.1 Quercetin precipitation fault in Brunello di Montalcino

Brunello di Montalcino DOCG (BdM) is a Tuscan wine that must be produced
entirely from Sangiovese. Its production regulations stipulate a minimum of four
years’ cellaring, of which at least two should be in oak (CBdM, 2015). This long
period has historically contributed to achieving natural stability in the finished
wine (Castelli 2020, pers comm.). In 2002, however, for the first time ever
reported for BdM, a sediment not attributable to tartrate precipitation was
observed in a bottled 1997 BdM (Figure 1) (Tranchida, 2018).

Figure 1 Backlit picture of 750 ml BdM bottle after agitation
showing quercetin aglycone sediment (Tranchida, 2018)
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This caused great concern and complaints amongst trade and consumers. The
winery had to seek help from several universities, laboratories and consultants to
identify the cause of sediment (Gadenz 2020, pers comm.).
Sensory analysis comparison with unprecipitated bottles of the same BdM lot
indicated that the sediment had no influence on the wine’s taste (Gadenz, 2002).
However, the poor appearance and decreased acceptance by clients qualified
this precipitation as a visible wine fault that can undermine the reputation of the
winery and of the entire BdM denomination for long-lived wines.
When viewed through a microscope, the sediment appeared as needle-shaped
crystals and was identified as quercetin aglycone (QA) (Di Stefano, 2002).

3.2 Quercetin in grapes

Quercetin is a polyphenol of the flavonols family, present in fruit and vegetables
(Teixeira, et al., 2013) that has considerable health benefits. It is an antiinflammatory, antioxidant, and anti-carcinogenic substance (Formica &
Regelson, 1995) and can help to reduce cholesterol (Egert, et al., 2008).
Like other flavonols, quercetin is produced by the grapevine as a protective
response to UV light exposure (Price, et al., 1995). Quercetin concentrations
have been found to be four to eight times higher in skins from sun-exposed
clusters than in those from shaded clusters (Spayd, et al., 2002).
As with all polyphenols, quercetin production is positively correlated to increasing
levels of grapevine stress caused by factors such as drought, high temperatures
and low oxygen availability in soils (Lanati, et al., 2014).

6

While Mattivi, et al. (2006) measured amounts of 17 mg/kg of quercetin in
Sangiovese grapes from northern Italy, Ferrari & Cavaglioni (2007) found
concentrations as high as 180 mg/kg of quercetin in those from the Montalcino
area.
According to Waterhouse et al. (2016), 60 percent of the quercetin contained in
grapes is transferred to the finished wine. This qualifies Montalcino as a high-risk
region for quercetin issues, as in the last 10 years 96 percent of the volume of
the wines produced in the area were entirely made with Sangiovese (CBdM,
2020).

3.3 Quercetin in wine

Two primary forms of quercetin exist: quercetin glycosides (QG) and quercetin
aglycone (QA) (Waterhouse, 2005). QG1 are bound to sugar molecules present
in grape berries (Price, et al., 1995) and are the main flavonols in almost all
grape varieties (Makris, et al., 2006).
During winemaking and maturation QG slowly and continuously lose their sugar
binding over time due to enzymatic or acid hydrolysis, releasing QA (Lanati, et
al., 2014) (Figure 2).

1

Glucosides, galactosides, glucuronides.
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Figure 2 The release of QA by QG through enzymatic or acid hydrolysis.
Author elaboration based on Price et al. (2009) and Romboli et al. (2018).

Price et al., (2009) report a solubility limit for QG of 125 ppm in must and red
wine. Conversely, QA has a solubility limit of 5 ppm (Boulton, 2001) and can
cause sediments if the limit is exceeded. However, in wine QA can combine to
monomeric anthocyanins increasing its solubility via the co-pigmentation process
(Botta, 2020). In high anthocyanin potential grape varieties, such as Cabernet
Sauvignon, QA has been observed to be stable at ten times its solubility limit
(Waterhouse, 2005), indicating that higher levels of total anthocyanins are crucial
to avoiding QA precipitation.

Among 27 experimental vinifications with the most widely planted cultivars of
Italy, both indigenous and international, the comparison clearly isolated the three
Sangiovese clones studied for their higher QG and QA levels (Figure 3)
(Ferrari & Cavaglioni, 2007).

8

Figure 3 Principal components analysis (PCA) of micro-vinification of 27 cultivars,
showing the Sangiovese clones in the high QG and QA quadrant
(Ferrari & Cavaglioni, 2007).

A grape profiling study with 64 cultivars demonstrated that Sangiovese could
produce up to 70 percent fewer total anthocyanins than Cabernet Sauvignon and
Cabernet Franc2, and these values reflected in the finished wine (Mattivi et al.,
2006).
The fact that Sangiovese has highly significant quercetin production coupled with
a moderate production of anthocyanins makes it especially prone to potential
precipitation faults.

2

Cabernet Sauvignon: 2,150 mg/kg, Cabernet Franc: 1,786 mg/kg, Sangiovese 765 mg/kg.
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3.4 Quercetin precipitation dynamics in BdM

In wines that undergo long maturation, such as BdM, the hydrolysation of QG
occurs during barrel ageing, to the point that their levels are often depleted within
two years (Botta, 2020). This process raises the concentration of QA, while as
the wine ages, the concentration of anthocyanins decreases (Marchi, et al.,
2019). Vaia, et al. (1995) indicate that for Sangiovese, over five years, QA
doubled while anthocyanins reduced by 90 percent. This can lead to a supersaturation of QA that can make it precipitate and create sediment (Figure 4).

Figure 4 QA precipitation on the bottom of a 75 hL BdM vat, after racking
(Tranchida, 2018)

QA precipitation can occur at multiple times during maturation, depending on the
concentration of QA and anthocyanins in wine (Lonardi, 2020). At the same time,
wines from warmer vintages can have higher level of QA but keep it stable via
higher anthocyanins level. Conversely, cooler vintages might lack sufficient
10

anthocyanin concentration to keep QA stable over time, increasing the risk of inbottle precipitation issues (Castelli, 2020 pers comm.).
While QA sediment can be easily removed through racking, the possibility of a
precipitation occurring in bottle remains a major concern (Tranchida, 2018).

Other prominent Tuscan Sangiovese-based denominations (Chianti, Chianti
Classico, Vino Nobile di Montepulciano DOCG) allow up to 25 percent of
varieties other than Sangiovese, often with high anthocyanin potential such as
Cabernet Sauvignon and Cabernet Franc (Italian Wine Central, 2020), and this
could help to achieve higher QA stability (Lonardi, 2020).
As BdM must be entirely made from Sangiovese grapes, wineries need to
explore different methods to avoid QA precipitation fault in bottle.

3.5 Quercetin fining and legal aspects

While QA is not affected by filtration, it can be removed via fining treatments,
given its minimal solubility in wine (Lanati et al., 2014). However, fining may also
reduce anthocyanin and polyphenol concentration in wine, depending on the
type and the dose rate of fining agent used (Botta, 2020).
Polyvinylpolypyrrolidone (PVPP) is currently recognised as the only fining agent
capable of reducing or removing QA at pre-bottling, (Han, et al., 2014). However,
EU regulations prohibit PVPP usage under organic management (OJEU, 2018)3.

3

p. 11, point 10.
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According to the BdM Consorzio, there is a growing trend towards organic
viticulture in Montalcino, with 30 percent of the 227 wineries4 already certified or
under conversion (CBdM, 2020). Therefore, it is essential to explore whether
organic-compliant methods to remove QA before bottling exist.

3.6 Quercetin analysis and thresholds

Out of the 3,998 samples analysed for QA by Isvea laboratory (Isvea, 2020) and
the 2,144 samples analysed by Alchemia laboratory (Botta, 2020) between 2015
and 2020, no wine with QA below 15 ppm caused sediment in bottle.
Accordingly, both laboratories recommend a concentration of QA below 15 ppm
in bottled BdM as a safe threshold to avoid precipitation faults (Pioli 2020, pers
comm.). By contrast, 50 percent of the samples analysed by Isvea had more
than 15 ppm of QA, although not all these wines would go on to show the fault
(Isvea, 2020).
While BdM represents less than a tenth of the volumes for Sangiovese-based
wines in Tuscany (Botarelli 2020, pers comm.), 32 percent of all the samples
analysed by Isvea for QA were BdM. This highlights the relevance and the
concern over this issue within the BdM denomination.

4

221 wineries are associated to the Consorzio, while six are not (Pondini, 2020 pers comm.).
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3.7 The scope of this study

This paper seeks to find out, via laboratory tests on two batches of BdM with
different levels of QA: what, if any, fining options are available that comply with
organic regulations to precipitate QA at the pre-bottling stage?

It will also address:
-

the level of awareness and knowledge about quercetin among key
producers of BdM

-

the level of occurrence of QA precipitation in bottle among respondents

-

what actions, if any, wineries are taking to avoid or to minimise5 QA
precipitation in their BdM.

This study should provide two benefits to the wine industry. Firstly, it can provide
reference to BdM organic wineries via the creation of an ‘index’ for fining agents
that incorporates the ability to remove QA, costs and the potential negative
impact on a treated wine’s anthocyanins and polyphenols. Secondly, as stability
is a major concern in winemaking, this paper will be of relevance to other wine
producing regions, given the increase in reports of issues from different areas
and with varieties that were formerly not considered at risk from QA precipitation.

5

The research paper proposal sought for actions to avoid QA faults. However, the interviews exposed that wineries are
seeking to minimise this issue.
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4.0 BACKGROUND AND CONTEXT

4.1 Globally reported cases of QA precipitation

Early examples of QA precipitation both in bulk and bottled wine were observed
in Australia. Ziemelis & Pickering (1969), reported that QA deposit clogged filters
during the bottling of a 1968 Barossa Shiraz, while Somers & Ziemelis (1985)
found QA haze in Australian white wines. The infrequency of reported
observations of QA sediment in commercial wines – and the fact that samples
were received only after such precipitation had occurred – hampered earlier
interpretation of the instability (Somers & Ziemelis, 1985). In both the 1969 and
1985 study, QA was the primary substance forming the sediment, together with
other minor flavonols6. At the time, the mechanism that governed quercetin
evolution in the finished wine, leading to the formation of the deposit, was not
clear.
Somers & Ziemelis (1985) questioned whether the occurrence of this unusual
form of instability was correlated to changes in climate or viticultural and
winemaking practices.

4.2 QA precipitation faults in Sangiovese-based wines

The earliest identified literature on QA precipitation fault in bottled Sangiovese
wines also comes from outside Europe. In 2000, the chief winemaker of Atlas

6

Myricetin, kaempferol, iso-rhamnetin.
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Peak winery in Napa, John Falcone, reported QA sediment appearing in bottle in
a two-year-old Napa Sangiovese (Falcone, 2000).
In the early 2000s, advanced ripeness, high fruit concentration and fuller body
were pursued as signs of quality for many world-class red wines, BdM included
(O'Keefe, 2012). As these features have a positive correlation with higher
quercetin concentrations (Price, et al., 2009), this may have led to the increase in
reports of Sangiovese wines both from Napa Valley (Waterhouse, 2005) and
from BdM (Ferrari & Cavaglioni, 2007) with QA sediment after bottling.

4.3 BdM denomination response to QA fault

The first reported case of QA precipitation fault in bottled BdM in 2002 was
followed by 19 other cases in the next ten years throughout the denomination
(Campatelli, 2020 pers comm.). The BdM Consorzio sent a survey about
quercetin issues in bottled wine to its associated wineries in 2014. Having
received three replies out of 210 associates at the time, the Consorzio’s board
decided not to embark on further investigations (Pondini 2020, pers comm.).

The mean annual temperature in the BdM denomination between 1997 and 2015
grew by 0.4 °C (Orlandini, et al., 2016). Further, an increased occurrence of
periods of drought (vintages 2008 and 2012), increasing stress for the vines as
more typical of warmer climates, could have promoted more incidence of
quercetin issues (Lonardi, 2020).
Indeed in 2016, Tenuta Col d’Orcia, the first winery affected by precipitation fault,
agreed with 14 BdM wineries to collaborate on the first collective study on
quercetin (Tenuta Col d’Orcia, 2018).
15

4.3.1 The QUE-STAB project

The QUE-STAB project, which aimed to stabilise BdM wines with high levels of
quercetin to avoid precipitation in bottle, took place between 2016 and 2018
(Infowine, 2016). Isvea laboratory, as project leader, conducted experiments and
analyses on grapes, must and wines from Montalcino. Results were presented to
BdM wineries in June 2018.

The QUE-STAB project provided insights on the interactions between oxygen
and quercetin. Indeed, oxygen supply both during alcoholic fermentation and
maturation was found to promote QG hydrolysation into QA. This confirmed the
findings of Lanati et al. (2014) that suggested micro-oxygenation and frequent
rackings to reduce the levels of quercetin during maturation.
Further, the longer the time in oak, the more QA can be reduced by natural early
precipitation (Tranchida, 2018). However, the mandatory time in oak for BdM had
progressively been reduced from the original 42 months of the 1980 production
regulations (Gazzetta Ufficiale (GU), 1980). In 1991 it was reduced to 36 months
(GU, 1992), while the current 24-months rule is valid for wines since the 1995
vintage (GU, 1998). This could have contributed to precipitation starting to
appear also in bottle, other than in bulk.

4.4 Methods for quercetin management in wines

Recent literature reports methods for quercetin management at various stages of
wine production, from vinification to maturation and pre-bottling.

16

Alcoholic fermentations performed with no added Sulphur Dioxide (SO2) can
reduce QG content in the finished wine by up to 75 percent (Sostegni, 2020). In
this case, as most of the QA is released during fermentation, it would then have
sufficient time to naturally precipitate during the 24-months oak maturation.

After fermentation, treating wines for QA removal when still in the presence of a
considerable concentration of QG could enable the wine to better solubilise the
QA resulting from the hydrolysation of QG during maturation (Botta, 2020).

Unlike QA, QG are unaffected by fining due to their high solubility (Marchi, et al.,
2019). However, the extended time in oak required for BdM promotes
hydrolysation often resulting in negligible levels of QG at bottling, (Castelli 2020,
pers comm.). At the same time, early cases of QA faults could have been caused
by BdM bottled with still a considerable concentration of QG that hydrolysed in
bottle (Tranchida, 2018). This indicates that fining aimed at removing QA at prebottling should be focused on wines with ≤1 ppm of QG.

4.5 In-progress research projects to avoid QA precipitation faults

The Vintegro project, aimed at avoiding QA precipitates in Tuscan bottled wine,
started in February 2019 (Infowine, 2019). The fact that the focus was not
exclusively on BdM or on Sangiovese highlights that the most prominent
supporters, Antinori and Avignonesi (Vintegro, 2019), saw a need for a broader
investigation.
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In New Zealand, the Bragato Research Institute (BRI) started a project aimed at
the avoidance of quercetin precipitation in bottle (BRI, 2019). This on-going
project was conceived after in-bottle QA sediments were increasingly found in
Grenache, Merlot and Cabernet Sauvignon grown by Villa Maria winery in
Hawke’s Bay, over the past five years (Flego, 2020 pers comm.).

These studies indicate that QA precipitation in bottle is an issue that will become
more relevant in an increasing number of regions and grape varieties.

18

5.0 METHODOLOGY

5.1 Overview

This study aims to find out whether organic alternatives to PVPP are available for
reducing the amount of QA in BdM at the pre-bottling stage.
Two samples of wines eligible to become BdM 20177 were selected for their
representative QA levels and distinct basic analytical profiles.
Five different organic-compliant fining agents were tested individually and in twoagent combinations, at different dose rates. PVPP was included to act as a
benchmark and results were compared to non-treated control samples. A second
repetition was performed for each test, producing 84 samples.
Further, the impact of the treatments in terms of anthocyanins and polyphenols
removed was considered as an objective measure for quality loss on the tested
samples.

5.2 Materials and methods

5.2.1 Selection of wine samples

BdM samples were selected to represent two common scenarios for the wineries
in terms of QA, alcohol by volume (abv), total anthocyanins and total

7

Prior to the completion of maturation requirements in oak and in bottle and the actual DOCG certification via panel
assessment, these wines must be referred as ‘eligible to become’ Brunello di Montalcino DOCG (GU, 2016).
These samples are eligible by right of their provenance, abv (>12.5), titratable acidity (> 5g/l) and net dry extract (>26 g/l)
as stipulated by BdM production regulations (CBdM, 2015)
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5.2.3 Criteria for selection of fining agents

Fining agents to be used in this study were narrowed down from a pre-selection
that considered products authorised by EU organic regulations, produced by
prominent manufacturers and specifically suited for high quality red wines.
Since October 2018, EU organic regulations authorise the use of fining agents
based on potato protein, chitosan and chitin-glucan (OJEU, 2018)12.
Given the lack in information about the QA removal capacity of recently
authorised products, preliminary fining tests were carried out by the author in
April 2020. The aim was to focus only on products that demonstrated efficacy for
QA removal (Table 4).

Out of the eight pre-selected charcoals tested, Enoblack Super (EBS) turned out
to be the best performing decolourising charcoal for QA removal. Among the
deodorising charcoals, only Granucol GE (GGE) proved effective in QA
reduction.
Vegecoll (VEG), Qi No[Ox] (NOX) and Oenovegan Finesse (OVF) were selected
for being the most effective fining agents within their respective categories
(potato protein, chitosan, chitin-glucan).
In addition, commonly used PVPP in powder format was included to act as a
benchmark for the organic-compliant fining agent tested.
Appendix 10.5 presents descriptions and technical sheets of the selected fining
agents.

12

Annex VIIIa.
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were not used in tandem with these agents given the legal restraints explained in
the following section.

5.2.5 Legal restraints of using oenological charcoal

EU regulations prescribe specific usage windows and employment protocols for
oenological charcoal as explored below.

Deodorising charcoal
Deodorising charcoal can only be employed in combination with a membrane
treatment13. Small-scale experiments cannot use such technology as the volume
of each test is far lower than the minimum required to perform membrane
treatment (D’Andrea 2020, pers comm.). Therefore, in the tests conducted for
this RP, deodorising charcoal was employed directly on wine. However,
exploratory tests with membrane treatment produced a reduction of QA
comparable to the results of this study (Ferrari, 2020).

Decolourising charcoal
The EU regulations for conventional (OJEU, 2019)14 and organic winemaking
(OJEU, 2018)15 set a time for the employment of decolourising charcoal in red
wines, indicating that only “new wine still in fermentation, which has not been

13

Originally used to reduce off-odours from volatile phenols (OJEU, 2019) p. 10, table 1, point 18. No minimum levels of
4-Ethilphenol and 4-Ethilguaiacol are indicated by the law, making it possible to perform the treatment in any case (Pioli
2020, pers comm.).
14

p. 13, point 3.1.

15

p. 11, point 9.
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Table 8 Legend for the experiment tests codes.
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5.6 Experiment schedule

The timeframe of the experiment was scheduled to replicate real scale winery
timings when performing fining operations. Accordingly, it was carried out at
temperature of 18 °C, between 6th to the 10th of July 2020, using the following
schedule:

Day 1
The fining agents for each test were individually weighed and re-hydrated.
At 12:00 pm, the fining agents were added to the 80 samples and 10 ml of
distilled water to the four control samples. The bottles were resealed with new
closures.
At 6:00 pm, each bottle was turned upside down for three seconds, turned
upright for another three seconds, and this was carried out twice. This procedure
aimed to reproduce the function of a full-scale vat-mounted agitator,
recommended by all the fining agents’ manufacturers to enhance and extend the
length of time of contact between the fining agent and the wine and also the
surface area of the fining agent that is in contact with the wine.

Day 2 · Day 3
Each sample’s bottle was agitated according to the procedure described above,
three times during the day: 9:00 am, 12:00 pm and 6:00 pm.

Day 4
At 12:00 pm, the samples had been standing undisturbed for 18 hours, showing
a satisfactory degree of static clarification. Closures were carefully removed to
31

avoid bottle agitation. Samples of wine from each test were taken with a pipette,
filtered through a 0.45 µm membrane and transferred to 1.5 ml glass vials. The
vials were then inserted into an autosampler for HPLC-DAD analysis.
Results were ready within 24 hours. Data was gathered and aggregated. A
finance and mathematics graduate20 helped validate the data analysis.

5.7 Semi-structured interviews with BdM wineries

A semi-structured in-person interview model (Bell & Waters, 2018) with a sample
of BdM wineries was chosen to identify possible correlations between different
aspects of the gathered data, using pivot tables.
15 wineries were selected to represent the quantitative and qualitative range of
wineries in the BdM denomination (Table 10).
Selection took place via scrutiny of the BdM Consorzio and the wineries’ web
sites. All the 15 wineries (Appendix 10.6) agreed to go on the record with the
proviso that data was aggregated rather than presented individually.

The interviews were given by head winemakers and performed in person,
between July and August 2020. Each respondent was requested to prepare their
data on quercetin and was interviewed following the scheme in Appendix 10.7.
To avoid bias, the results of the experiment carried out in this study were only
revealed to the respondents after the interview was completed.

20

Lorenzo Ciserani, major in Finance and Mathematics at Luigi Bocconi University, Milan Italy.
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It is also recognised that such a small sample can yield more extreme results
(Kahneman, 2012). Nevertheless, while this is a non-exhaustive representative
group, interviews are often more insightful than surveys, especially given the low
response rate seen in section 4.3.
A map of the distribution of the vineyards of the interviewees throughout the BdM
denomination is shown in Figure 5. While the south-west area appears to be the
most populated, this is only because the wineries with the largest vineyard area
are in this quadrant. Conversely, the north-western quadrant is the least
populated in terms of wineries (CBdM, 2019).

Figure 5 Brunello di Montalcino vineyards distribution (cyan) and vineyards distribution of
the interviewees (orange). Author’s elaboration based on BdM Consorzio map (2020).
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6.0 INTERVIEWS RESULTS AND ANALYSIS

6.1 Overview

The aim was to measure and explore, via anecdotal evidence, awareness and
knowledge about quercetin, the extent of issues caused and possible actions
taken by BdM wineries to mitigate those issues.

6.2 Level of awareness and knowledge about quercetin

All the 15 wineries were aware of the precipitation issues that QA might cause
both through first-hand experience and anecdotal knowledge.
Most of the interviewees have known about it for more than five years, with
seven of those having been aware for over 10.
In addition, eight interviewees have also participated in collaborative or individual
quercetin-related research projects in partnership with laboratories and
universities.

All the interviewees monitor the level of quercetin (both QG and QA) at least at
one stage prior to bottling. 12 check it immediately before preparing the wine for
bottling while three consider QA values while evaluating different blending
options.
Only one interviewee has been checking QG and QA levels for more than 15
years, five have been checking it between six to 10 years, while nine started
checking it within the last five years.
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All this indicate that this issue is well established in BdM. However, most of the
interviewees have started checking quercetin levels only after the disclosure of
QUE-STAB project results in 2018 (section 4.3.1), sealing the importance of this
study for the denomination.

Out of the 10 interviewees with at least five years of historical data, eight
producers observed that the levels of quercetin are often more elevated in
vineyards where the soil is heavier and promotes water stress. In addition, the
drier and the warmer the growing season the higher the levels of quercetin. As
this is a general trend for the BdM denomination in the last 20 years, it suggests
that quercetin levels in grapes will increase in the future, increasing the risk of
potential precipitation faults.

Out of the 11 interviewees that have an idea of safe threshold for QA at bottling:
10 indicated a level between 15 to 18 ppm while only one said 13 ppm. Also,
eight producers are prepared to tolerate higher levels of QA to avoid undesired
impacts on quality from measures that could remove it. This evidences that
opinions on the matter are beginning to coalesce throughout the denomination.

6.3 Level of occurrence of QA precipitation in bottle among respondents

Six interviewees (equally distributed between conventional, organic and
biodynamic regime) had on at least one occasion QA precipitation faults in their
bottled BdM, for a total of 11 wines. Out of the faulty wines, seven had more than
20 ppm of QA and four had a value between 15 and 20 ppm. No wine that was
reported with sediment in bottle had less than 15 ppm of QA. This indicates 15
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ppm of QA to be a proven safeguard limit for BdM stability and confirms the
accuracy of the safe threshold considered in this study.

In all the cases QA fault appeared between two to three years after bottling.
Crucially this means that bottles had already been transferred to the trade (or the
consumer) when the sediment appeared.

The vintages that caused most QA precipitation issues in bottle were 2013 and
2014 (three), while the other events occurred in a scattered fashion in 1997,
2000, 2007, 2009 and 2011. The 2014 and 2013 vintages were cooler and wetter
than average (Orlandini, et al., 2016) and required wineries to remove leaves
from the fruiting area to mitigate disease pressure and promote ripening, possibly
raising quercetin levels in grapes. Therefore, while wines from warmer vintages
often have higher QA levels, these could be more stable, with higher
concentration of anthocyanins raising QA solubility levels. Conversely, wines
from cooler and wetter vintages can lack the required anthocyanins to keep QA
stable after bottling.

There is a correlation between the faulty bottles and the period these wines
spent in oak. Six wines were aged for 24 months, three for 30 months, one for 36
months and one for 40 months. As the six wines from the coolest vintages were
matured for the minimum of 24 months, given their weaker structure, this might
have caused the natural QA precipitation to occur in bottle as their time in oak
was not sufficient for the precipitation to occur in cask. This also confirms that a
more extended oak maturation, although decreasingly common (section 4.3.1),
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promotes natural reduction of QA levels in bulk, leading to a lesser probability of
bottle faults.

6.4 Actions the wineries are taking to avoid or to minimise QA precipitation
in their BdM.

6.4.1 Viticultural

All the interviewees responded that managing levels of quercetin in the vineyards
is not amongst their first five priorities, which are, in order of priority: pest and
disease limitation, fruit quality, yield, water management and vine longevity.
However, a general trend towards avoiding exposure of grapes to direct sunlight
is evident. 11 interviewees avoid leaf plucking around the fruiting area until two
weeks before harvest while only four carry out early de-leafing at flowering.
In 2020, two interviewees started experimenting spraying grapes with kaolin and
blood orange extract aimed at protection from excessive UV-light exposure and
in turn containing quercetin production. Essentially, this indicates that while for
most interviewees quercetin management in the vineyard is not a priority, a
minority commenced exploring ‘upstream’ methods for reducing QA in their
wines.

6.4.2 Winemaking

Two major winemaking styles emerged from the interviews. Five interviewees
that use more oxidative winemaking practices (none or limited SO2 additions, at
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least two-fold wine volume pumped in open-air per day), have QA levels below
the safe threshold and no reported precipitation faults after bottling.
Conversely, the four wineries that have moved – for stylistic purposes – towards
a more protective style of vinification (prompt SO2 coverage, less than a full
volume of wine pumped over per day not in open-air) reported increasing QA
levels and five precipitation faults in bottled BdM. While not implying causality,
this indicates that during winemaking significant results in terms of total quercetin
reduction are possible. A potentially undesired impact on the style of the finished
wine should be considered when moving to more oxidative winemaking to
contain quercetin levels.

6.4.3 Maturation

Keeping BdM in cask or barrel for longer than the mandatory 24 months is
common practice for ten interviewees. Seven are continuing to keep the wine in
oak for 36 months, as specified by previous regulations, while three keep it for 42
months. Interviewees agreed on the fact that these are not only stylistic choices,
but also traditional practices aimed at improving the stability of the bottled wine.

Three wineries that are either organic or biodynamic are checking vessels
individually and may keep wines with values exceeding 15 ppm of QA for longer
ageing, while bottling the ones that are below the 15 ppm.

Two organic wineries indicated that they would release BdM 2017 one year later
than BdM 2018 (January 2023), because of levels of QA exceeding 30 ppm.
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Therefore, the identification of organic-compliant methods to reduce QA could
also help to alleviate potential economic and brand implications.

6.4.4 Pre-bottling

The six wineries that employed treatments to remove QA utilised PVPP only. The
one organic-certified producer whose wine had high levels of QA chose to treat
the wine with PVPP, even though this meant not claiming organic certification on
the label.
Four interviewees chose the dose rate of PVPP between 10 to 15 g/hL, while two
interviewees used 25 g/hL. This is consistent with the dose rates selected and
applied in this study (section 5.2.7).
While four wineries employed the treatment directly on the final blend, two
treated only the specific high-QA vats for subsequent blending, aiming to dilute
the PVPP impact on sensory profile.
When applying treatments, the priority for all the wineries was to optimise the
removal of QA. The same applied to quality preservation, the second priority for
everyone, except for one winery (selling BdM at lower price point) that prioritised
the cost effectiveness of the treatment.
In sum, there is an evident need for organic-compliant fining methods among
respondents as PVPP is the only recognised fining option, to the point that it was
used even by one organic winery, as a last resort to avoid QA faults in bottle.
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Table 12 Mean results of the different repetitions in terms of the removed anthocyanins,
polyphenols and QA, all expressed in ppm.
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7.2 QA removed in absolute terms

To determine the capacity of each fining agent to remove QA from the two
scenarios, the amount of removed QA in ppm in absolute terms is plotted in
Figure 6 per each test.
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Figure 6 Removed QA in ppm.

Eight ppm of QA removed were needed to bring high-scenario wines below the
safe threshold, while 2.5 were needed for the low-scenario ones. EBS was the
most efficient agent across the two scenarios, reaching as high as 19 ppm of QA
removed (H-EBS50). GGE showed lower but similar performance across the two
scenarios, outperforming PVPP at equal dose rates. For these three agents, the
minimum dose rate of 12.5 g/hL produced the optimal reduction of QA for high
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scenario. The same dose rates in low scenario consistently exceeded the
removal needs, going up to 9.5 ppm (L-EBS12), indicating that the dose rates
could be reduced below 12.5 g/hL. At the same time, low scenario was
consistently less prone to precipitate QA compared to high scenario at equal
dose rates.
In the case of OVF and the two-agent combinations the dose rates were on
average higher (ranging from 32 to 124 g/hL), but the amount of removed QA
never exceeded 5 ppm (L-V50+O64). Also, the two-agent combination
hypothesised synergistic effect on QA removal (section 5.2.4) emerged only for
test L-V50+O64.
In all the tests, doubling the dose rate of the agent did not double the amount of
QA removed, suggesting further inquiry.

7.3 QA removal efficacy per unit of added fining agent
To determine the treatments’ most effective dose rates, the removal efficacy per
unit of agent added was determined21. The aim was to find the minimum dosage
of fining agent needed to obtain the desired result. Removal efficacy shows the
quantity in ppm of QA removed per g/hL of added fining agent (Figure 7).
For both scenarios, the highest performing agent was EBS, removing up to 0.85
ppm of QA per g/hL (H-EBS12). GGE showed lower but similar performance
across the two scenarios, outperforming PVPP at equal dose rates.

21

QA removal efficacy per unit of added fining agent = QA removed (ppm) / added fining agent (g/hL).
For instance, for sample H-GGE12: 9.5 / 12.5 = 0.76 ppm of QA removed per g/hL of added fining agent.
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Figure 7 QA removal efficacy per g/hL of fining agent added (ppm)

All the two-agent combinations and OVF used individually showed an extremely
low QA removal efficacy (consistently below 0.1 ppm). This is due to the high
dose rates needed to reach even moderate amounts of QA removed in absolute
terms.

For the three most effective product (EBS, GGE, PVPP) best performances are
obtained at the lowest dose rates (12.5 g/hL) in both scenarios. This confirms
that the QA removal impact is non-proportional to the dose rates applied and has
practical implications. Wineries would have higher benefit from treating a bigger
volume of wine with low dose rates compared than treating smaller volumes at
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7.4 Cost for QA removal

To compare the costs involved for the treatments, the cost per hL of each
treatment was divided by the QA removed. This indicates the cost in euros for
each removed ppm of QA (Figure 9)22.
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Figure 9 Cost in € per removed ppm of QA.

In both scenarios, the most cost-effective fining agent was EBS, which costs as
little as €0.01 per removed ppm of QA at its lowest dose rates (H-EBS12, L-

22

Cost in euro per removed ppm of QA = total cost of the treatment per hL / removed QA in ppm.

For instance, for sample H-GGE12:
dose rate 12.5 * 0.014 cost per gram + €6.00 (cost for membrane treatment) = €6.175 (total cost of the treatment per hL).
Total cost of treatment € 6.175 / removed QA in ppm 9.5 = €0.65 (cost per ppm of QA removed).
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EBS12). GGE kept the cost per ppm of QA removed below €0.80 despite the
added costs of membrane treatment to comply with EU regulations. PVPP was
noticeably more cost effective than GGE, with an average of €0.07 per ppm of
QA removed.
Treatments with OVF and two-agent combinations of VEG+NOX, VEG+OVF,
NOX+OVF consistently cost more than €1.4 per removed ppm of QA.
In sum, the least effective agents in terms of QA removal were also the most
expensive. All this suggests that is necessary to carry out comparative analysis
between QA removal efficacy and cost effectiveness to determine the best
performing fining agents.

7.5 QA removal efficacy vs cost effectiveness

To enable comparison, the QA removal efficacy was compared with the
hypothetical QA removed per €1.00 spent on the treatment23. The scatter plot in
Figure 10 helps to identify visually the highest performing tests. The ideal
situation is represented by the top-right quadrant, where high QA removal
efficacy combines with a higher amount of QA removed per euro spent on the
treatment. In both scenarios, EBS used at lower dose rates (12.5 / 25 g/hL) was
the best compromise in terms of QA removal efficacy and cost effectiveness
(high-efficacy, low-cost). This is due to its low cost per kilo and its high QA
removal efficacy.

Hypothetical QA removed in ppm per €1.00 spent on the treatment = QA removed / cost of the treatment per hL
For instance, H-GGE12: 9.5 / 6.175 = 1.54 ppm of QA removed per euro spent on the treatment.
23
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The best-performing products (EBS, GGE) achieved the best overall balance
between QA removal efficacy and reduction of anthocyanins and polyphenols
when used at their lowest dose rates (12.5 g/hL). Further, the gap between these
and the remaining fining agents (OVF, VEG+NOX, VEG+OVF24, NOX+OVF), is
highly significant. For these agents, the high dose rates (up to 124 g/hL) required
to achieve moderate amounts of QA removal, were noticeably impactful on
anthocyanin and polyphenol concentration (up to 1,449 ppm removed).
In addition, there is a divergence between high scenario and low scenario. For
GGE and EBS (and also PVPP), low scenario is more markedly impacted by loss
of quality, at equal dose rates. This suggests further investigation should be
carried out on each scenario’s response to treatments to analyse the origin and
the possible implications of this divergence.

7.7 Overall response to treatments for the two scenarios

Throughout analyses of QA removal efficacy, costs, quality impact and their
comparisons, the differences between the two scenarios became significant.
This observation stimulated more in-depth analysis of the overall response to the
highest performing treatments (PVPP, GGE, EBS) for high-scenario and lowscenario wines.
The graph in Figure 12 compares under each scenario and each fining agent the
average percentage of QA, anthocyanins and polyphenols lost at different dose

24

Test L-V50+O64 is displayed in the graph in Figure 11 with its value of lost anthocyanins and polyphenols (1,449 ppm)
as this significantly exceeded the y-axis maximum value.
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rates (columns). Further, it averages these percentages (dashed lines) enabling
comparison between the two scenarios’ response.

Figure 12 Overall treatment response of high scenario vs low scenario
for PVPP, GGE and EBS.

While the percentage of QA removed per unit of fining agent added and the
percentage of anthocyanins lost after treatment are both up to 16 percent, lowscenario wines lost on average three times the polyphenols compared to highscenario ones.
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Although less effective in QA removal, GGE performs better than EBS, having
less impact on a wine’s objective quality in both scenarios. PVPP has a more
contained impact on anthocyanins, compared to charcoals across the two
scenarios. However, while PVPP kept the sum of anthocyanins and polyphenols
removed after treatment below two percent in high scenario, the polyphenols
removed in low scenario exceeded eight percent.
High scenario wines had higher abv (15% vs 13.6%), double total anthocyanins
and 40 percent more total polyphenols, suggesting they were more capable of
holding QA and more resistant to the precipitation of their phenolic compounds.
This highlights that the treatments’ negative impact on the wines’ inherent quality
can be amplified in a wine with lower basic analytical quality elements (low
scenario). At the same time, in low-scenario wines, given the more moderate
initial concentration of QA, even minimal dose rates of highly effective fining
agents would suffice to achieve the safeguard values. This would potentially
alleviate the impact on quality.

7.8 Treatment evaluation index

7.8.1 Overview

An index to evaluate treatments was created by combining the QA removal
efficacy, the inherent costs and the unwanted loss of anthocyanins and
polyphenols.
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7.8.2 Index weighting assumption criteria

To have a definite and comparable unit of measure, g/hL dose rates were
converted to ppm25. The following criteria were used for weighting allocation:

-

QA removal efficacy per unit of added fining agent (in ppm)
50 percent (or 0.5) shown as A.
This weighting was allocated according to the outcome of the interviews
which showed that QA removal with the lowest amount of fining agent
addition was the ultimate priority for 50 percent of the interviewees
(section 6.4.4).

-

Combined anthocyanins and polyphenols lost per unit of added fining
agent (in ppm)26
45 percent (or 0.45) shown as B.
This weighting was allocated as the limitation of objective quality reduction
by loss of phenolic content of the treated wine was a key priority for 45
percent of the interviewees (section 6.4.4). This reflects the high-end
status of the denomination and its focus on quality.

-

Cost per ppm of QA removed (in euro)
5 percent (or 0.05) shown as C.

25

1 g/hL = 10ppm

26

(anthocyanins lost / added fining agent) + (polyphenols lost / added fining agent) = sum of lost anthocyanins and
polyphenols per unit of fining agent added (ppm).
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This weighting allocation was tailored to BdM, fetching the highest prices
for bulk wine within Italy, meaning that costs for these treatments are
negligible compared to the wine’s value.27 Further, only one interviewed
winery prioritised costs over quality and stability (section 6.4.4).

These weightings are not to be considered exhaustive for the denomination’s
needs, as they have been allocated on the basis of a limited sample of
interviewees. However, given the high quantitative representativeness of the
respondents (section 5.7), these may indicate a possible direction for the BdM
denomination, especially considering that the Consorzio’s survey has not been
sufficiently answered (section 4.3.1).

The index is calculated as follows:
0.45B(0.5A

- 0.05C)*100

The cost per unit of QA removed (C) is subtracted from QA removal efficacy per
unit of added fining agent (A) and multiplied by the sum of the anthocyanins and
the polyphenols removed per unit of added fining agent, with each factor (A, B,
C) previously multiplied by its respective weighting. Results were multiplied by
100 to enhance readability.

The outcome, titled Q-RE index, determines the overall performance of each
treatment (Figure 13).

27

In 2019 the average price for BdM in bulk was 1085.00 €/hL, while in 2020 is 978.00 €/hL (Wine News, 2020)
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7.8.3 Q-RE index commentary

The Q-RE index has the purpose to promptly inform BdM wineries about the
treatments that are most likely to be more successful and relevant to their wine.
The higher the score, the better the QA removal efficacy, the lesser the costs
and the negative impact on quality.
A positive Q-RE index score (zero to six) indicates recommended treatments.
Conversely, a negative Q-RE index score (zero to minus six), indicates that
although the treatment has the capacity to bring QA levels below the critical
threshold, it is not recommended because of its combination of cost and
potentially significant detrimental impact on quality.
In both scenarios it is evident how charcoals, especially when used at lower dose
rates, can be valid alternatives to PVPP for organic wineries.
EBS is the higher scoring charcoal but has the limitation in employment timing,
immediately after alcoholic fermentation, for a first QA reduction (section 5.2.5).
GGE is the organic alternative to PVPP. It can be employed at pre-bottling,
although legally required to be used in combination with membrane treatment
(section 5.2.5). Based on this result, it is recommended that BdM Consorzio
should explore possible legal options for organic wineries to practice QA fining
with deodorising charcoal applied directly on wine.
OVF and the two-agent combinations, although successful in reducing QA in lowscenario wines, are not recommended for QA fining given the potentially
detrimental impact on wine quality. Additionally, the different scores of the same
treatment in high scenario and low scenario confirm that the basic analytical
profile of the wine to be treated has strong implications on the amount of QA
removed and on the potential quality reduction.
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7.9 Practical implications of the experiment

The Q-RE index presented above has been tailored to BdM in terms of QA
removal, impact on quality and cost aspects, and considers the most common
wine analytical profiles of the denomination.
Therefore, the Q-RE index can provide rapid reference for the wineries.
Subsequent targeted QA fining tests with the specific analytical profiles of the
wines to be treated could then be carried out, optimising procedures.
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8.0 CONCLUSIONS

8.1 Interview conclusions

All the wineries interviewed were aware of quercetin precipitation issues and
were vigilant about QA concentration in their BdM at least at one stage, before
bottling. Monitoring QA levels has become common practice since the results of
the QUE-STAB project were presented in 2018. The QA safe threshold adopted
by most wineries coincides with that taken as a reference for this study (15 ppm).
In the vineyard, increasing attention is paid to light protection of the bunches to
mitigate possible QA issues. However, efforts have been concentrated in the
cellar where, when needed, time in oak was extended, critical batches were
blended, or PVPP fining was performed, the latter resulting in the wine losing
organic status.
As expected from a high-end denomination, BdM wineries consider the possible
loss of quality as the most critical factor together with the capacity of the
treatment to remove QA, while costs are not driving their decisions.
The results of the interviews conducted confirm that the issue is widespread and
serious and that organic-compliant tools to reduce QA at pre bottling are much
needed throughout the denomination.

8.2 Experiment conclusions

This study has demonstrated that organic-compliant fining options to reduce QA
pre-bottling exist. These options are likely to prevent precipitation in the bottle
because of the reduction of QA being before bottling.
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The outcome examined three specific aspects: QA removal efficacy, costs and
loss of anthocyanins and polyphenols. This ultimately led to the creation of an
index that specifically tailors these factors for BdM wineries.

Decolourising charcoal (EBS) was the most effective and cost-efficient fining
agent for QA removal. However, since EU regulations allow its use only in the
same year as the vintage, it can provide benefit only through early treatments.
Deodorising charcoal (GGE) was also successful in every test. While it can be
employed pre-bottling, EU law requires combined membrane treatment, adding
significantly to the cost. For these products, the lower the dose rates applied, the
better the QA removal efficacy, the less the impact on quality and the higher the
cost-effectiveness.

Additionally, data show that the basic analytical profile of the treated wine has a
significant effect on the action of the tested fining agents. Wines with lower abv
and total concentration of anthocyanins and polyphenols (low scenario) can have
their phenolic content lowered up to 300 percent more than wines with higher
abv, anthocyanins and total polyphenols. Therefore, the Q-RE index derived in
this study can help organic wineries to balance QA removal, cost and quality and
direct targeted fining trials according to the specific analytical profile of the wine
to be treated.

The study also found that agents based on potato protein, chitosan and chitinglucan should be avoided for QA fining. They not only showed extremely limited
effect on QA removal when used either alone or in combination, but they
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demand high dose rates, resulting in higher costs and more significant impact on
wine quality.

In summary, this study concludes that the best organic-compliant fining option to
reduce QA at the pre-bottling stage is deodorising charcoal (GGE). Based on this
result, it is recommended that BdM Consorzio should explore possible legal
options for organic wineries to practice QA fining with deodorising charcoal
applied directly on wine.

8.3 Areas for future research

The impact on wine sensory profile that these agents may have could be studied
to examine whether the measured quantitative differences have a perceptible
qualitative impact. Further research could be carried out via sensory analysis
through a tasting panel to determine the treatments’ impact on perceived quality.
This study could be replicated with different wines, from different vintages, with
further decreased dose rates or with not-yet-developed fining agents. Also,
research could be carried out outside EU, where more permissive legislation
enables the combination of charcoals and other fining agents. Finally, a
viticulture-focused paper could identify possible critical vineyard factors affecting
quercetin in wines at the different stages of their production.
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Appendix 10.3

HPLC-DAD quercetin analysis details

HPLC separation, identification, and quantification of flavonols were performed in
an Agilent 1100 series chromatograph (Agilent Technologies, Santa Clara, CA,
USA), consisting of a G1315B diode array detector (DAD), a G1311A quaternary
pump, a G1379A degasser and a G1329A autosampler. A Nova-Pak C18 reverse
phase column (4 l m, 3.9 mm I.D. 9 300 mm; Waters) was used for the analysis
of QA.
Chromatographic conditions: all standards were dissolved in methanol at a range
of concentrations of 1 ppm (limit of quantification), 10, 50, 100 ppm and were
kept refrigerated at 4 °C until use. After filtration through a 0.45 µm membrane,
the wine samples were directly injected through a 20 ml loop into a guard
column. Reversed phase HPLC was performed with a gradient elution using 5%
acetic acid in methanol (pump A) and 5% acetic acid aqueous solution (pump B)
as eluent. The initial conditions were 21% A and 79% B at a flow rate of 0.4
ml/min. After 5 min, the pumps were adjusted to 27% A and 73% B at a flow rate
of 0.5 ml/min with a linear gradient in 1 min. At 15 min solvent B was changed to
45% at the same flow rate until termination of the run at 30 min. This was
followed by a 10 min equilibrium period with the zero time solvent mixture prior to
injection of the next sample. The signal was monitored at 370 nm for QA.
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Appendix 10.4

Complete table of experiment results
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Appendix 10.5

Descriptions and technical data sheets of the selected

fining agents

PVPP by Vason (PVPP)
Pure micronised polyvinylpolypyrrolidone. Synthetic adsorbent with high
stabilising action due to its specific ability to adsorb phenolic substances,
especially those that are harsh and more oxidised.
-

Not approved in organic winemaking.

-

Format: powder.

-

Technical sheet available online at:
https://www.vason.com/uploads/MediaGalleryArticoliDocumenti/PVPP%2
02_0%20en-.pdf [Accessed 9 November 2020].

Granucol GE by Erbslöh (GGE)
Activated carbon pellets of plant origin for adsorption of undesired off‐taste and
off‐smell in juice and wine.
-

Organic compliant and vegan.

-

Format: micro-pellets.

-

Technical sheet available online at:
https://erbsloeh.com/fileadmin/user_upload/pdf/Wine/technical_data_shee
t/GB/granucol_bi_fa_ge-wine-juice-beer-technical_data_sheet-englisherbsloeh.pdf [Accessed 9 November 2020]

77

Enoblack Super by Enartis (EBS)
Biological activated charcoal with high decolourising capacity.
-

Organic compliant and vegan.

-

Format: powder.

-

Technical sheet available online at:
https://www.enartis.com/datasheets/TECHNICAL-DATA-SHEET/EN/TDSEN-EnoblackSuper.pdf [Accessed 9 November 2020]

Vegecoll by Laffort (VEG)
Vegetal protein fining agent extracted from potato (patatin), reported by Laffort to
have high reactivity with astringent tannins and high clarification efficiency.
-

Organic compliant.

-

Format: powder.

-

Technical sheet available online at:
https://laffort.com/wp-content/uploads/FP/FP_EN_Vegecoll.pdf
[Accessed 9 November 2020]

Qi No[Ox] by Perdomini-IOC (NOX)
Based on the by-products of polysaccharides of fungal origin (chitosan) and
bentonite that assists the rapid precipitation of the complex.
-

Organic compliant.

-

Format: powder.

-

Technical sheet available online at:
https://www.perdomini-ioc.com/wpcontent/uploads/2017/08/ST_NO[OX]_(EN).pdf
[Accessed 9 November 2020]
78

Oenovegan Finesse by Oenofrance (OVF)
Alternative to animal-derived fining agents for fining or clarification of wines.
Derived from Aspergillus Niger cell walls (chitin-glucan) combined with
leguminous proteins. Especially indicated for the reduction of organoleptic
alteration related to the growth of spoilage organisms.
-

Organic compliant and vegan approved.

-

Format: powder

-

Technical sheet available online at:
https://www.oenofrance.com/DOCS/FT_OF_OENOVEGANFINESSE_EN.
pdf
[Accessed 9 November 2020]

79

Appendix 10.6

List of the interviewees

(winery and interviewees names have been redacted)

Winery

=-

-

Regime

BdM
surface
(ha)

lnterviewee name

lnterviewee
position

organic

32

Winemaker
&CEO

conventional

155

Cellar master

lutteraisonnée

17

Winemaker
& co-owner

lutteraisonnée

16

Winemaker

organic

160

Winemaker

organic

60

Technical
director & WM

conventional

1.5

Winemaker

conventional

2.2

Winemaker
& co-owner

bio-dynamic

6

Winemaker
& co-owner

bio-dynamic

5

Winemaker
&CEO

25.8

Winemaker

bio-dynamic

5

Winemaker
& co-owner

conventional

10

Winemaker
& owner

organic

130

Winemaker

conventional

41

Winemaker

organic
conversi on
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Appendix 10.7

Semi-structured interviews question scheme

1. Are you aware of the fault of quercetin precipitation in bottle BdM?
a. Since when?
b. How do you know?
2. Have you ever seen QA sediment in BdM during cask maturation?
3. Have you ever had problems of QA precipitation in bottled BdM?
a. With which vintage/s?
b. How long after the wine had been bottled?
c. For how long had the wine BdM matured in oak?
d. Was the wine already shipped to the trade/consumer?
e. What was the reaction of the customer?
f. Was compensation reguired?’ Of what type?
g. Do you identify correlation and/or causation with cooler or warmer
vintages?
h. Do you identify correlation and/or causation with specific plots, type
of soils, clones/rootstocks, yield, training systems?
4. What were your QG/QA levels in BdM over the past five years?
5. Are you considering your own safe threshold of QA at bottling to avoid
possible issues in bottle?
a. If yes, does your safe threshold for QA changes in respect to
specific vintages factors?
6. Do you check quercetin (QG/QA) levels?
a. Since when?
b. At what stage/s do you check?
81

c. Have you increased the checks per stage or increased the
frequency of the checks since you started checking?
d. Are you planning to increase controls in the future?
7. What are the actions that you take to avoid or minimise possible
precipitation faults?
a. Viticultural
-

Vineyard design and density, average age of the
vineyards, type of planting material used
(clones/rootstocks), irrigation / de-leafing (type and timing)
/ topping / green harvest / yields / targeted treatments,
hang time, manual of mechanical harvest.

b. Winemaking
-

SO2 usage, type of yeasts / yeast hull usage, pumping over
type (on-air/closed), extent of pumped-over volume, partial
juice extraction, temperatures, length of maceration, type
and moment for MLF.

c. Maturation
-

Turbidity level, SO2 Levels, temperatures (controlled / non
controlled), racking (type and frequency), type of oak,
average age of oak, average size of oak, average
permanence in oak.

d. Pre-bottling
-

SO2 levels, tartrate stabilisation, fining, colour stabilisation,
filtration, other practices.
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concerned about quercetin precipitation in bottle, despite it being demonstrated not to
be detrimental to the wine’s quality 32.

Current state of knowledge recognises Polyvinylpolypyrrolidone (PVPP) as the only
fining agent capable of precipitating significant quantities of quercetin pre-bottling33.
However, EU regulation prohibits PVPP usage under organic management 34.

Considering that nowadays 30% of the 227 Brunello di Montalcino wineries are organic
or under conversion35, it is of interest to explore whether organic-compliant methods to
remove quercetin before bottling exist.

Primary research question:
This paper seeks to find out, via laboratory tests on two batches of Brunello di
Montalcino DOCG with high levels of total quercetin:
- what, if any, fining options are available that comply with organic regulation to
precipitate quercetin at the pre-bottling stage?

It will also address:
The level of awareness and knowledge about quercetin among key producers of
Brunello di Montalcino, the significance of precipitation in bottle issue within the
appellation context and what actions, if any, are wineries taking to avoid quercetin
precipitation in their Brunello di Montalcino.

32 Dr.

Gabriele Gadenz, internal report to Tenuta Col D’Orcia, 2003.

33 First

mentioned by Andrew L. Waterhouse, Ph. D. and disseminated by The Trellis Alliance of UC Davis, 2005

34 Commission

implementing regulation (EU) 2018/1584, p 2. https://eur-lex.europa.eu/legalcontent/EN/TXT/PDF/?uri=CELEX:32018R1584&from=IT
35

Source: Giacomo Pondini, Director of Consorzio del Vino Brunello di Montalcino.
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Background and Context: Explain what is currently known about the topic and address why
this topic requires/offers opportunities for further research. (No more than 200 words)

Quercetin, the major flavonol found in several fruits and vegetables, is a natural
antioxidant with potential anti-cancer and anti-aging properties (Belinha, 2007). In
grape berries, the synthesis of quercetin is a natural reaction to direct sunlight
exposure, with the highest concentration reached before veraison. Sangiovese's
moderate amount of colour, and therefore of monomeric anthocyanins, limits the
capability of the final wine to hold high quercetin amount over time. (Lanati, 2014).

In Sangiovese winemaking, most of the quercetin content is lost during fermentation
via enzymatic reactions36. In wines that undergo long maturation processes, such as
Brunello di Montalcino, quercetin continues to precipitate while in barrel (M. Castelli,
personal comm.).

A total content of about 15 parts per million (ppm) quercetin in bottled wine is
considered a safe threshold to avoid possible precipitation, however some batches of
Brunello di Montalcino have reported quercetin content as high as 26ppm (M. Pioli,
personal comm.). Such high levels of quercetin in a bottled wine are likely to produce
precipitation as time passes by. Brunello di Montalcino offers notable opportunities for
further research, being a wine that has a reputation for stability and distinctive ageworthiness.

Sources: Identify the nature of your source materials (official documents, books, articles,
other studies, etc.) and give principle sources if appropriate. (No more than 150 words)

ISVEA S.r.l. accredited wine analysis laboratory, internal archive.
Alchemia S.r.l. wine analysis laboratory, internal archive.
Progetto Agricoltura S.r.l. wine consultancy firm, internal archive.
Gabriele Gadenz, wine consultant, personal archive.
Consorzio del Vino Brunello di Montalcino, producer association, internal archive.

36

Prof. Michel Moutounet, INRA Pech Rouge, Eno Forum 2017 – Vicenza (Italy)
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Legislation, production guidelines
European Union regulation 2019/934 for conventional winemaking
European Union regulation 2018/1584 for Organic products
‘Testo unico’ for Italian PDOs (2016)
Brunello di Montalcino DOCG production regulation.

Books, dissertations, thesis
J. Falcone - Relationship of anthocyanin and quercitin (sic) in “Sangiovese” from Napa
Valley. Il Sangiovese international Symposium, Florence, Italy (2000)
M.O. Downey et al. – Cultural Practice and Environmental Impacts on The Flavonoid
Composition Of Grapes And Wine: A Review Of Recent Research. Am. J. Enol. Vitiv. 57:3
257-268 (2006)
F. Mattivi et al. – Metabolite Profiling of Grape: Flavonols and Anthocyanins. J. Agric.
Food Chem., 2007, 54, 7692–7702 (2006)
I. Belinha et al. – Quercetin Increases Oxidative Stress Resistance and Longevity
in Saccharomyces cerevisiae. J. Agric. Food Chem. 55, 6, 2446–2451 (2007)
S. Ferrari et al. – Peculiarità del profilo fenolico del Sangiovese: la quercetina.
Infowine.com, n. 6/3 (2007)
D. Lanati et al. – Precipitati di quercetina nei vini (2014) 37th World Congress of Vine
and Wine and 12th General Assembly of the OIV, 06007 (2014)
A. Gambuti et al. – New insights into the formation of precipitates of quercetin in
Sangiovese wines. J Food Sci Technol (2020).
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Research Methodology: Please detail how you will identify and gather the material or
information necessary to answer the research question(s) and discuss what techniques you
will use to analyse this information. (No more than 500 words)
This research paper aims to test organic-compliant fining agents to reduce quercetin
levels in a Brunello that has completed the 24-months legal maturation period in oak 37
and is ready to be blended and bottled.

The primary question will be addressed by a series of experimental fining tests at an
accredited laboratory38. The study will be focused on agents that would promote the
precipitation of quercetin before bottling, as opposed to looking at means of stabilising
it. The reason for this approach lies in the extended time frame needed to assess the
effectiveness of the stabilisation. Moreover, possible means for quercetin stabilisation
have been extensively researched in recent years, although without significant
outcomes.39

Two scenarios will be investigated, according to preliminary research 40
• H-scenario:
Brunello 2017 with quercetin level significantly higher than the ‘safe threshold’
(22ppm)

• L-scenario:
Brunello 2017 with quercetin level slightly higher than the ‘safe threshold’ (16.5ppm)

Changes occurred in the European Union (EU) Organic Regulation of October 2018,
allowing new substances and compounds to be used as fining agents for organic

Brunello di Montalcino DOCG production regulation, p 7.
https://www.consorziobrunellodimontalcino.it/files/Disciplinari/disciplinare-bdm-19-a4-bdm.pdf
37

38

All European countries have an accreditation body which operates in line with the requirements of Regulation EC
765/2008 and with the international standard ISO/IEC 17011.
39

“Que-stab” project was started by the Italian region of Tuscany and financed by the European Union between 2016
and2018.https://www.infowine.com/en/news/the_questab_project_aims_to_reduce_quercetin_precipitation_in_tu
scan_wines_sc_16917.htm
Analysis of ISVEA S.r.l. accredited lab archive data showed that over 2015-2020, the mean level of quercetin of the
3.998 samples analysed was 16,5ppm, with a standard deviation of 8,2.
40
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winemaking41. Chitosan, chitin-glucan and potato protein are among those compounds.
Accordingly, fining practices with the following selection of commercially available
products will be tested:

-

Oenovegan Finesse by OenoFrance (derived from chitin-glucan)

-

Qi NO(OX) by Perdomini-IOC (derived from chitosan)

-

Vegecoll by Laffort, (derived from potato protein)

-

Enoblack Super by Enartis, (decolourising charcoal)

-

Granucol FA by Erbslöh, (deodorising charcoal)

Completely non-treated samples will also be tested as control samples.
Fining test will be carried out in 0.75-liter glass-bottles.

Capability of PVPP fining42 to facilitate quercetin precipitation will also be verified at
two commonly utilised dose rates. The same quantities will be used for both
oenological charcoals. EU maximum and half maximum legal dosage limit for each
product based on chitin-glucan, chitosan and potato protein will dictate the fining
dosage of every test. These three fining agents will be combined together in pairs and
the tests carried out at the same dose rates in order to explore possible efficacy
enhancements.

International Organisation of Vine and Wine (OIV) does not identify a specific analysis
methodology in its Compendium 43. Therefore, experiments will be carried out by ISVEA
S.r.l. laboratory in Poggibonsi (SI) – a laboratory that has been leading research on

Commission implementing regulation (EU) 2018/1584
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018R1584&from=IT
41

Multiple trials over the past years have demonstrated that 20 to 25g per hectolitre of PVPP are able
to remove up to 10ppm of quercetin (M. Pioli, personal comment).
42

43

2019 OIV Compendium of international methods of wine and must analysis
http://www.oiv.int/public/medias/6619/compendium-2019-en-vol1.pdf
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quercetin in Italy since 2007 - that will employ their proprietary methodology for HPLC
quercetin level analysis.

A double repetition of the fining experiment for each sample will be carried to ensure
reliability and validity of the treatments.

Any of the fining methods capable of bringing the level of total quercetin below the
‘safe threshold’ of 15 ppm will be considered successful. Samples of the wine
successfully treated will be analysed, considering their efficacy, costs, ease of use and
legal aspects.

In order to objectively measure and comment about the invasiveness of each treatment
on the wine’s inherent quality, each trial will be checked for total anthocyanins and
total polyphenols and the analysis compared with the original values of the control
samples.

While sensory assessment through a trained panel is outside the scope of this RP, it is
acknowledged that the impact different fining agents have on style and quality in a
wine with high quercetin concentration offers notable potential for further research.

Secondary questions will be addressed via semi-structured interviews of a selection of
15 key wineries within the Brunello di Montalcino appellation, representing 31.8% of
the total Brunello vineyard surface. The aim will be to measure their awareness and
knowledge about quercetin, problems that it may cause, and possible actions taken to
mitigate those issues. Interviewees, who have already agreed on their assistance, have
been selected to represent evenly:

-

Winegrowing-winemaking regime (conventional, lutte-raisonnée, organic, biodynamic)

-

Vineyard surface size (One to 160 hectares)

-

Vine density (2.700 to 12.000 vines/ha)

-

Localisation, exposition and altitude within the appellation.
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Potential to Contribute to the Body of Knowledge on Wine: Explain how this Research Paper
will add to the current body of knowledge on this subject. (No more than 150 words)

Prior to the late 1990s quercetin precipitation in bottled Sangiovese wine was believed
to occur only in warmer climates (Falcone, 2000). However, by 2002, quercetin
precipitate was discovered in a 1997 Brunello di Montalcino shipped to Germany. Since
then, many studies have clarified how quercetin accumulates in grape berries and the
derived wine.

The fact Brunello di Montalcino is required to be made of 100% Sangiovese grapes
raises the risk. Out of all the samples analysed for quercetin by ISVEA S.r.l. laboratory
since 2015, 32% came from the Montalcino area. Therefore, quercetin content and its
possible precipitation represents one of the major challenges for the area of
Montalcino.

Current state of knowledge recognises in PVPP as the only agent capable of
precipitating significant quantity of quercetin in pre-bottling phase. As a milled
polymer, PVPP usage is prohibited in organic winemaking44. Therefore, an investigation
into organic-permitted fining agents for reducing total quercetin amount in a Brunello
prior to bottling could aid the growing number of organic-certified wineries.

Moreover, as quercetin content in grapes and wine has been correlated with an
increasing amount of light and water stress in vineyards (Lanati, 2014), it may also be
relevant to varieties and areas that until now have not suffered of quercetin
precipitation but who may need such treatments in the future.

44

Commission implementing regulation (EU) 2018/1584
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018R1584&from=IT
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Proposed Time Schedule/Programme: This section should layout the time schedule for the
research, analysis and write-up of the Research Paper and should indicate approximate
dates with key deliverables. Dates of submission to both Advisors and the IMW must be
those specified by the IMW.
January 2020
Background data collection and collation.
Completion of background reading.
February - March 2020
Finalise literature review.
Refine research methodology by preparing the ground via preliminary research.
April - May 2020
Preliminary fining tests.
Composition of literature review
Selection of Brunello di Montalcino tank samples with relevant quercetin content.
Selection of 15 wineries to perform semi-structured interviews.
May - July 2020
Research Project Proposal approval.
Performing of the fining trials at ISVEA laboratory.
Analysis of gathered data.
Writing of the research paper with conclusions and introduction. Proof reading.
First draft sent to advisor by the end of July.
July - August 2020
Semi structured interviews to the producers that pledged for their assistance.
Amendments, updates, rewrites and proofing.
September - October 2020
Second draft sent to advisor by the third week of September.
Final Research Project sent to advisor.
Further possible amendments, final proof reading by a native English professional.

Submission to the Institute by mid-December.
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