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OENOBIO: 
Organic viticulture and enology 

1
st

 Summer School Erasmus+ 

15-27
th

 July 2019 

Hochschule Geisenheim University (HGU) 

Von-Lade-Str. 1, 65366 Geisenheim, Germany 
 

is a dense program of study (13 continuous full days), which brings OENOBIO Summer School 
together students and professors/teachers staff from 5 Europeans higher education 
institutions. This program will be held in Geisenheim (Germany) from 15

th

 to 27
th

 July 2019. 
Students and teachers will work together in multinational groups on the specific topics of 
organic viticulture and enology. 
 

 Erasmus+ encouraged not only the mobility of students and teachers, but it also OENOBIO

intensifies the collaboration among our EU-universities partners. Special emphasis lies on the 
intercultural know-how exchange. Global networks and international competences do belong 
together. 
 
The Partnership: 

x University of Bordeaux (UB), FRANCE (Coordinating institution) 
x University Rovira y Virgili of Tarragona (URV), SPAIN 
x University of Torino (UNITO), ITALY 
x University of Agronomical Sciences and Veterinary Medicine of Bucharest 

(UASMV), ROMANIA 
x Hochschule Geisenheim University (HGU), GERMANY 
x Syndicat des Vignerons Bios Nouvelle Aquitaine 
x ECOVIN 

 
Objectives: 

x Focus on organic viticulture and organic oenology a strategic growing up area of 
grapes and wines production. 

x Increase the student and teaching staff mobility throughout Europe: 30 EU students 
and 12 lecturers from 5 European universities and 2 partners. 

x Reinforce the cooperation among universities, partners and wine companies with 
organic production. 

x Train students to cooperate in international teams and thus gain intercultural social 
competences. 

 
Target Groups: 

This Summer School is specifically designed for advanced Bachelor and Master students of 
enology, viticulture, agronomy, food/beverages and processes science with knowledge in 
grapes and wines production, chemistry and winemaking, and also PhD students. Students 
will be specially selected by their home universities based on their background in the area of 
oenology and viticulture networks, engineering, web applications, and on their skills in English. 
6 ECTS credits are granted to each student who successfully completes the Summer School. 
 
Course Structure: 
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Organic (biodynamic)/ non-organic
wines

Organic Wines :
Specific Label
Specific regulation in terms of additive
Total SO2 (< 50 mg/L dry white wines or % less for
red wines (i.e 100 mg/L) with regards to conventional
wines) (UE 203/2012)
Specific use of additive, process...

Non-organic Wines:
Conventional European regulation
depending on produces wines
Ex red wines < 150 mg/L in total SO2

Other labels (red wines)
Nature and Progress 70 mg/L
Demeter 70 mg/L
Biodyvin 80 mg/L
Natural Wine Association 30 mg/L



Point on organic wines (without added
sulfites)

• Sulfite
– Used at least since 15th century
– From 18th century beginning of wine ageing in 

cellars and aged wines due to use of sulphitizing
– Meanwhile… losts of wines with taints in Pasteur 

period

– Antioxidant, Anti-oxidative, antimicrobial, trapping
carbonyles….



Point on organic wines (without added
sulfites)

• Recent experiment in Bordeaux : red wines
from 2016 and 2015 vintages 
– 2/3 of wines spoiled ( oxidated, Brettanomyces

taint, acetic character, …
– 1/3 (mainly with limited ageing period in cellars… 

or very specific conditions which were satisfying

Magimel E., Barbe,  2019 ISVV



Main differences in terms of viticultural
practices

Wine from organic viticulture : 
obtained from vines grown without
chemical fertilizers, with pesticides 
(chemical origin but not synthetic), 
herbicide free.

Wine from conventional viticulture 
: obtained from vines that can be
grown with chemical fertilizers, with
synthetic chemical pesticides or non 
synthetic, eventually with herbicide.



Main differences in terms of viticultural
practices

Wine from organic viticulture : 
obtained from vines grown without
chemical fertilizers, with pesticides 
(chemical origin but not synthetic), 
herbicide free.

Wine from conventional viticulture 
: obtained from vines that can be
grown with chemical fertilizers, with
synthetic chemical pesticides or non 
synthetic, eventually with herbicide.

Supplementary considerations
• Biodynamic wine (organic with

adaptations)
plant protection using plant extracts, quartz, 
with specific protocols and in relation to the 
moon cycles
• Biocontrol products (partially authorized in 

organic viticulture)
• Biological control products
• Low concern products



What about viticultural impact choices on grape and 
wines quality and composition ?

… a gradual consideration associated with evolution of 
of pesticide use

. Difficulties for alcoholic fermentation 

. Developement of sensory defects

. Residues in wines and commercial constraints

1960 >1985

From 1985

Development of risk assessment methods during homologation of pesticides   

CEB Method 143 (France) (Commission Essais Biologiques)
1st version 1988

French Association of Plant protection

« Evaluation of unintended effects of pesticides on grape and wine
component »

http://www.afpp.net

http://www.afpp.net/


What about viticultural impact choices on grape and 
wines quality and composition ?

… a gradual consideration associated with evolution of 
of pesticide use

. Modification of aromatic and polyphenolic and globally of
grapes and wines quality

From 1993

Development of risk assessment methods during homologation of
pesticides   

CEB Method 143 (France) (Commission Essais Biologiques)
2nd version 2000
3rnd version 2010

French Association of Plant protection

« Evaluation of unintended effects of pesticides on grape and wine
component »

http://www.afpp.net

http://www.afpp.net/


What about viticultural impact choices on grape and 
wines quality and composition ?

… a gradual consideration associated with evolution of 
of pesticide use

From 2000 . Analysis of microbial ecosystem on grape (after initial work in the 
1970s) 

. Residues and hygienical, sociological aspects

« We believe deeply, magically, we are what we eat, and exist a 
report of identity, analogy between us and what we eat ... Then if 
we do not know what we eat, the risk is great no longer know 
what we are ». 

Claude Fishler 1999  Du vin. Editions O. Jacob



Main parameters related to organic/conventional
spraying in relation with grape and wine

component

• Protection of vines against pathogens
• Pesticide (synthetic, not synthetic) and 

grape/wine composition, microbiological
aspects

• Pesticide and grape/wine residues and their
limitation
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Plasmopara viticola : downy mildew

Erysiphe necator (Uncinula necator) : powdery mildew

Botrytis cinerea : grey rot

. Alteration of vine physiology and loss of harvest

. Modification of grapes composition : proteins, 
aminoacid, vitamins, polyphenols, aroma compounds

. Non desire metabolites biosynthesis: volatile compounds, 
toxins…

Main vine pathogenic fungi
and their consequences on grapes



1- Alteration of enological quality due to diseased grapes by 
powdery mildew

. Diminution of yield (berry weigh, juice) as % diseased grapes
by powdery mildew

Type of cluster Disease

Intensity (%)

Juice weigh

(Kg)

Average weigh of

juice by cluster

(g)

Juice loss (%)
(compared
to healthy
cluster)

C0 0 20.1 125.5

C
1 < 25 10.6 99.7 21%

C
2 26-50 19.2 82.2 35%

C
3 50-80 21.0 72.5 42%

C
4

>80 9.6 61.1 51%

Cabernet Sauvignon, 1999 

Calonnec et al.Plant Path., 2004

(notes during veraison)

Collaboration with UMR 1065 INRA SAVE



Some characteristic of grapes and wines issued from
diseased grapes by powdery mildew

. Diminution of anthocyanin concentration 
in grapes and wines in proportion of
diseased grapes

Calonnec et al. Plant Path. 2004
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. Sugar content in diseased clusters close to that measured in healthy grapes (Calonnec et al. 2004 Plant Dis. 

; Stummer et al. 2003, 2005 Aust J Grape Wine Res)

Cabernet Sauvignon, 1999, 1998; Sauvignon 1999; Chardonnay 2000-2004



Cabernet Sauvignon, 1999, 
Sauvignon 1999

. Diminution of varietal aroma compounds (3-sulfanylhexan-1-ol) in Sauvignon 
blanc and Cabernet-Sauvignon wines

Calonnec et al. Plant Path. 2004

R² = 0,7566
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Some characteristic of grapes and wines issued from
diseased grapes by powdery mildew

SH

OH

3-sulfanylhexan-1-ol



Some characteristic of grapes and wines
issued from diseased grapes by powdery

mildew

. Mushroom off-flavour of grapes specifically diseased by powdery
mildew is less persistent in wines or not perceived

> Transformation of grape off flavor during wine-making

Darriet et al. 2002; Vacher et al. 2008
confirmed by Stummer et al 2003, 2005

O

O O

(Z )-1,5-octadien-3-one 
Sp 0,9 ng/L 

1-octen-3-one 
Sp 7 ng/L

3-octanone 
Sp 23 µg/L

(Z )-5-octen-3-one 
S p  1µg/L

O

Geranium leave
odor

Fresh mushroom

Wanner et al. 1998 Eur J Biochem. 
Specific context of complex rots : aroma precursors
of 1-octen-3-one : release during fermentations



Sensory attributes of Chardonnay wines made from
fruit with varied powdery mildew severity. 

Stummer et al. 2003, 2005  J.Agric. Food Chem.
Each value is the mean score from duplicate fermentation replicate wines that were presented to 16 assessors in two replicate sessions. LSD: Least 
significant difference (P=0.05), ns: not significant

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Mean ratings for sensory attributes for the 2002 Clarendon Chardonnay wines made 

from fruit with varied powdery mildew severity. Each value is the mean score from duplicate 

fermentation replicate wines that were presented to 16 assessors in two replicate sessions. 

LSD: Least significant difference (P=0.05), ns: not significant 
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2- Alteration of enological quality due to diseased grapes
by downy mildew

Some characteristic of grapes and wines issued from
diseased grapes by downy mildew (Plasmopara viticola)

Brown rot : withered berries

. Diminution of yield

. Increased titratable acidity (pH diminution)

. No significant impact on sugar content

. Alteration of wine’s aromatic component
. Modification of wine’s fruity : less fresh fruit, more heavy,
jammy fruit
. Increased herbaceous expression, particularly during ageing

Grapevine at maturity and infected berries

withered berries and necrosis of
pedicels



Rev Oenol. 2011

Millésime 2008

Organoleptic impact related to the incorporation
of harvest diseased by brown rot

Healthy

Level of preference
Highest

Level of preference
Lowest



Rev Oenol. 2011

Millésime 2009

Level of preference
Highest

Level of preference
Lowest

Healthy

Organoleptic impact related to the incorporation
of harvest diseased by brown rot



Interpretation of wine aroma modification in relation 
with downy mildew on grapes (Merlot)

Pons et al. Food Chemistry 239 (2018) 102–110 

All analyses were carried out in triplicate. Standard deviations
(SD) were calculated for each data series as an indicator of dataset
scatter. A 2-way analysis of variance (ANOVA) was used. The signif-
icance of the differences between the means was determined with
Tukey’s multiple range test with 5% error probability. To assess the
relationship between the concentration of withered berries and
changes in compound concentration, a Pearson correlation analysis
was used. A p-value of <0.05 was taken to be significant.

Principal component analysis (PCA) was applied to discriminate
Merlot and Cabernet Sauvignon wines according to different con-
centrations of infected berries. Related samples corresponding to
different treatments tend to be grouped in the same cluster and
the degree of difference between the groups and the degree of dif-
ference between the clusters was stated according to Ward crite-
rion (Ward, 1963). PCA was applied first to mean values of the
analytical and sensorial results obtained during the experiments
conducted in the vineyard, followed by hierarchical cluster analy-
sis by means of RECIP application of Spad 8.0 (Coheris, Suresnes,
France).

3. Results and discussion

3.1. Origins of cooked fruit/herbaceous nuances: Sensorial approach

First, the origin of these herbaceous/cooked fruit nuances was
investigated. To do this, several experiments were carried out in
a model medium having a composition close to that of must. The
occurrence of these nuances during maceration and alcoholic fer-
mentation and in the presence or not of grapes infected and with-
ered by brown rot was studied (Table 1). The herbaceous nuance
was detected in the media after 5 days of maceration (M+ AF!)
whereas the cooked fruit nuance was not apparent at this stage

(Table 1). The macerate of withered berries evoked green-
herbaceous nuances. These were also found in the wine resulting
from the fermentation of a macerate of withered berries from
which the berries were removed at the beginning of alcoholic fer-
mentation (M+/B! AF+). Thus, it appears that the green/herba-
ceous nuance results from the solubilization of odorous
compounds present in the film of wilted grapes.

The cooked fruit nuances were found only in the fermented
modality in the presence of withered berries (B+ AF+) that also pre-
sented an intense herbaceous odor. Thus, yeast metabolism seems
to play an important role in the formation of the cooked fruit nuan-
ces of wines made with grapes infected by brown rot. Thus, these
aromatic antagonistic nuances of herbaceous/cooked fruit cannot
be dissociated in these red wines.

On the other hand, sensory analysis of wines made with
increasing levels of withered berries (Table 1, supplementary data)
showed that a panel of tasters was able to classify them according
to the intensity of the herbaceous/cooked fruit nuance (L > L0.05)
and that their intensity was strongly linked to the content of the
berries supplemented with must.

3.2. Identification of molecular markers of cooked fruit/herbaceous
nuances in wine

The most important descriptors related to the aroma of these
wines were identified by a trained panel. The terms selected were:
‘‘prunes”, ‘‘figs”, ‘‘cooked peaches” and ‘‘bell pepper”.

GC-O analysis of the dichloromethane extract of the Merlot
wine made with 20% of withered berries (2009 vintage) and
marked by theses odors revealed six odor zones (OZ) correspond-
ing to the aroma of wines (Table 2). OZ1 and OZ2 possessed a
strong geranium odor. OZ3 was reminiscent of bell pepper and
ivy, whereas OZ4, OZ5 and OZ6 resembled dried/cooked fruit.
These OZ seemed to be specific to the wines made with these dis-
eased grapes.

By using GC–MS with chemical standards, it was possible to
identify the molecules corresponding to the following retention
indices: OZ3, 3-isobutyl-2-methoxypyrazine (IBMP) (RIpolar: 1841,
RInonpolar: 1369), OZ4 3-methyl-2,4-nonanedione (RIpolar: 1741),
OZ5 c-nonalactone, (RIpolar: 2058, RInonpolar: 1325) and OZ6, c-
decalactone, (RIpolar: 2170, RInonpolar: 1420).

c-Nonalactone and c-decalactone reminiscent of coconut and
cooked peach were first identified by Schreier in wines (Schreier
& Drawert, 1974). In red wines, c-nonalactone concentrations
range from some mg/L to 40 mg/L (Durif wines) (Cooke, Capone,
Van Leeuwen, Elsey, & Seeton, 2009) and from traces to 4 mg/L
for c-decalactone in Merlot wines. The origin of c-nonalactone in
grapes and wines is unclear. However, its biosynthesis in fruits
might be due to the oxidation of unsaturated fatty acids such as
linoleic acid (Tressl, Apetz, Arrieta, & Grunewald, 1978). Moreover,

Table 1
Effect of maceration (M) and alcoholic fermentation (AF) of media supplemented or
not with withered berries infected by P. viticola on the formation of cooked fruit and
herbaceous nuances.

Treatmentsa Descriptorsb

Cooked fruit Herbaceous

AF- – –
M+/AF! – +
M+/B! AF+ – +
B+ AF+ +++ +++

a (AF) synthetic must after alcoholic fermentation; (M+/AF!) synthetic wine
supplemented with withered berries (maceration 5 d, 24 !C); (M+/B! AF+) syn-
thetic must supplemented with withered berries (maceration 5 d, 15 !C) and
removed before inoculating the media with yeast; (B+ AF+) alcoholic fermentation
with withered berries.

b Intensity of aromas perceived by two assessors: - no intensity, + weak, ++
medium, +++ strong intensity.

Table 2
Main odorant zones detected by GC-O during analysis of red Merlot wine made or not with berries infected by P.viticola.

Odorant zone Descriptors LRI Compounds Winec

BPX5 BP20 Control Control + brotd

OZ1 Geranium 880 1260 (Z)-1,5-heptadien-3-onea – ++
OZ2 Geranium 950 1376 (Z)-1,5-octadien-3-oneb – +++
OZ3 Green, bell pepper 1144 1552 3-isobutyl-2-methoxypyrazineb + +++
OZ4 Fruit pit, minty / 1741 3-methyl-2,4-nonanedioneb – ++
OZ5 Cooked peach, coconut 1325 2058 c-nonalactoneb – +++
OZ6 Cooked peach 1420 2170 c-decalactoneb – ++

a tentatively identified on the basis of odor similarity and IRL found in literature: IRLpolar 1278 (Lorber et al., 2014).
b Identified by comparison with IRL found in literature and co-injection of pure compound.
c odor intensity: ! not detected, + weak, ++ medium, +++ high intensity.
d berries infected by P. viticola.

A. Pons et al. / Food Chemistry 239 (2018) 102–110 105

Effect of maceration (M) and alcoholic fermentation (AF) of media supplemented or not 
with withered berries infected by P. viticola on the formation of cooked fruit and 

herbaceous nuances. 



Interpretation of wine aroma modification in relation 
with downy mildew on grapes/wines



Interpretation of wine aroma modification in relation 
with downy mildew on grapes (Merlot) : strongly

odorous compounds
• Herbaceous expression : Various origins

Increased proportion of 2-methoxy-3-isobutylpyrazine (IBMP) in wines

Increased proportion of 1,5-octadien-3-one / 1,5-heptadien-3-one 

N

N O

Pons et al. Food Chemistry 239 (2018) 102–110 

All analyses were carried out in triplicate. Standard deviations
(SD) were calculated for each data series as an indicator of dataset
scatter. A 2-way analysis of variance (ANOVA) was used. The signif-
icance of the differences between the means was determined with
Tukey’s multiple range test with 5% error probability. To assess the
relationship between the concentration of withered berries and
changes in compound concentration, a Pearson correlation analysis
was used. A p-value of <0.05 was taken to be significant.

Principal component analysis (PCA) was applied to discriminate
Merlot and Cabernet Sauvignon wines according to different con-
centrations of infected berries. Related samples corresponding to
different treatments tend to be grouped in the same cluster and
the degree of difference between the groups and the degree of dif-
ference between the clusters was stated according to Ward crite-
rion (Ward, 1963). PCA was applied first to mean values of the
analytical and sensorial results obtained during the experiments
conducted in the vineyard, followed by hierarchical cluster analy-
sis by means of RECIP application of Spad 8.0 (Coheris, Suresnes,
France).

3. Results and discussion

3.1. Origins of cooked fruit/herbaceous nuances: Sensorial approach

First, the origin of these herbaceous/cooked fruit nuances was
investigated. To do this, several experiments were carried out in
a model medium having a composition close to that of must. The
occurrence of these nuances during maceration and alcoholic fer-
mentation and in the presence or not of grapes infected and with-
ered by brown rot was studied (Table 1). The herbaceous nuance
was detected in the media after 5 days of maceration (M+ AF!)
whereas the cooked fruit nuance was not apparent at this stage

(Table 1). The macerate of withered berries evoked green-
herbaceous nuances. These were also found in the wine resulting
from the fermentation of a macerate of withered berries from
which the berries were removed at the beginning of alcoholic fer-
mentation (M+/B! AF+). Thus, it appears that the green/herba-
ceous nuance results from the solubilization of odorous
compounds present in the film of wilted grapes.

The cooked fruit nuances were found only in the fermented
modality in the presence of withered berries (B+ AF+) that also pre-
sented an intense herbaceous odor. Thus, yeast metabolism seems
to play an important role in the formation of the cooked fruit nuan-
ces of wines made with grapes infected by brown rot. Thus, these
aromatic antagonistic nuances of herbaceous/cooked fruit cannot
be dissociated in these red wines.

On the other hand, sensory analysis of wines made with
increasing levels of withered berries (Table 1, supplementary data)
showed that a panel of tasters was able to classify them according
to the intensity of the herbaceous/cooked fruit nuance (L > L0.05)
and that their intensity was strongly linked to the content of the
berries supplemented with must.

3.2. Identification of molecular markers of cooked fruit/herbaceous
nuances in wine

The most important descriptors related to the aroma of these
wines were identified by a trained panel. The terms selected were:
‘‘prunes”, ‘‘figs”, ‘‘cooked peaches” and ‘‘bell pepper”.

GC-O analysis of the dichloromethane extract of the Merlot
wine made with 20% of withered berries (2009 vintage) and
marked by theses odors revealed six odor zones (OZ) correspond-
ing to the aroma of wines (Table 2). OZ1 and OZ2 possessed a
strong geranium odor. OZ3 was reminiscent of bell pepper and
ivy, whereas OZ4, OZ5 and OZ6 resembled dried/cooked fruit.
These OZ seemed to be specific to the wines made with these dis-
eased grapes.

By using GC–MS with chemical standards, it was possible to
identify the molecules corresponding to the following retention
indices: OZ3, 3-isobutyl-2-methoxypyrazine (IBMP) (RIpolar: 1841,
RInonpolar: 1369), OZ4 3-methyl-2,4-nonanedione (RIpolar: 1741),
OZ5 c-nonalactone, (RIpolar: 2058, RInonpolar: 1325) and OZ6, c-
decalactone, (RIpolar: 2170, RInonpolar: 1420).

c-Nonalactone and c-decalactone reminiscent of coconut and
cooked peach were first identified by Schreier in wines (Schreier
& Drawert, 1974). In red wines, c-nonalactone concentrations
range from some mg/L to 40 mg/L (Durif wines) (Cooke, Capone,
Van Leeuwen, Elsey, & Seeton, 2009) and from traces to 4 mg/L
for c-decalactone in Merlot wines. The origin of c-nonalactone in
grapes and wines is unclear. However, its biosynthesis in fruits
might be due to the oxidation of unsaturated fatty acids such as
linoleic acid (Tressl, Apetz, Arrieta, & Grunewald, 1978). Moreover,

Table 1
Effect of maceration (M) and alcoholic fermentation (AF) of media supplemented or
not with withered berries infected by P. viticola on the formation of cooked fruit and
herbaceous nuances.

Treatmentsa Descriptorsb

Cooked fruit Herbaceous

AF- – –
M+/AF! – +
M+/B! AF+ – +
B+ AF+ +++ +++

a (AF) synthetic must after alcoholic fermentation; (M+/AF!) synthetic wine
supplemented with withered berries (maceration 5 d, 24 !C); (M+/B! AF+) syn-
thetic must supplemented with withered berries (maceration 5 d, 15 !C) and
removed before inoculating the media with yeast; (B+ AF+) alcoholic fermentation
with withered berries.

b Intensity of aromas perceived by two assessors: - no intensity, + weak, ++
medium, +++ strong intensity.

Table 2
Main odorant zones detected by GC-O during analysis of red Merlot wine made or not with berries infected by P.viticola.

Odorant zone Descriptors LRI Compounds Winec

BPX5 BP20 Control Control + brotd

OZ1 Geranium 880 1260 (Z)-1,5-heptadien-3-onea – ++
OZ2 Geranium 950 1376 (Z)-1,5-octadien-3-oneb – +++
OZ3 Green, bell pepper 1144 1552 3-isobutyl-2-methoxypyrazineb + +++
OZ4 Fruit pit, minty / 1741 3-methyl-2,4-nonanedioneb – ++
OZ5 Cooked peach, coconut 1325 2058 c-nonalactoneb – +++
OZ6 Cooked peach 1420 2170 c-decalactoneb – ++

a tentatively identified on the basis of odor similarity and IRL found in literature: IRLpolar 1278 (Lorber et al., 2014).
b Identified by comparison with IRL found in literature and co-injection of pure compound.
c odor intensity: ! not detected, + weak, ++ medium, +++ high intensity.
d berries infected by P. viticola.
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Interpretation of wine aroma modification in relation 
with downy mildew on grapes (Merlot)

• Herbaceous expression : Various origins

Increased proportion of 2-methoxy-3-isobutylpyrazine (IBMP) in wines

Increased proportion of 1,5-octadien-3-one / 1,5-heptadien-3-one 
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the metabolism of S. cerevisiae has been shown by deuterium label-
ing to produce c-nonalactone from linoleic acid (Garbe, Landrock,
Hübke, & Tressl, 2005). c-Decalactone is widely produced by many
microorganisms thanks to b-oxidation of hydroxylated fatty acid
such as ricinoleic acid (Serra, Fuganti, & Brenna, 2005) or
10-hydroxystearic acid (An & Oh, 2013).

IBMP, which is reminiscent of bell pepper, has a perception
threshold of 15 ng/L (Roujou de Boubee, Van Leeuwen, &
Dubourdieu, 2000). It is the main known compound to date
responsible for the green pepper aromas of wines made frommany
grape varieties, including Cabernet Sauvignon, Cabernet Franc and
Sauvignon Blanc (Augustyn, Rapp, & Van Wyk, 1982). It is also
found in lower concentrations in other grape varieties (Merlot in
particular). It is naturally present in the grape and particularly in
the skin (Roujou de Boubee et al., 2000) and its concentration
drops sharply during maturation, especially under the influence
of temperature and light. Therefore, a significant content in grapes
at harvest is associated with a lack of maturity and affects the aro-
matic quality of a wine.

3-Methyl-2,4-nonanedione (MND), reminiscent of anise and
fruit pit, is a b-diketone identified in prematurely aged red wines
marked with an intense prune flavor (Pons, Lavigne, Frérot,
Darriet, & Dubourdieu, 2008). MND content was low (some ng/L)
in non-oxidized red wines and higher in oxidized red wines
(340 ng/L max), always exceeding its perception threshold
(16 ng/L). The role of oxidation in its formation in wines has also
been demonstrated. Oxidation of furanoid fatty acids (FFA) is
thought to result in this dione in several matrices (Guth &
Grosch, 1991), but the origin of MND is still unclear in wines.

Fine GC-O-MS analysis of the samples in which OZ1 and OZ2
were detected did not allow us to obtain a chromatographic peak,
probably owing to the very low levels of these compounds in the
samples.

In wines, geranium odors are not so common. However, three
compounds have already been described in wines which have cor-
responding odors: (E)-1-(2,3,6-trimethylphenyl)buta-1,3-diene
(Janusz et al., 2003), 2-ethoxy-3,5-hexadiene (Rapp, 1992) and
(Z)-1,5-octadien-3-one (Darriet et al., 2002). The LRI values of the
latter compound reported by several studies were 1369
(Steinhaus, 2015), 1372 (Lorber, Schieberle, & Buettner, 2014) on
polar and 980 (Lorber et al., 2014) on non-polar column, respec-
tively, and were similar to those obtained for OZ2 (LRIpol: 1376,
LRIapol: 960). The injection of the pure product allowed us to con-
firm its identification by GC-O. The odor of the pure product was
clearly reminiscent of that of geranium leaf. Its perception thresh-
old in must is 9 ng/L (Allamy, Darriet, & Pons, 2017). It has already
been detected by GC-O in grapes infected by bunch rot complexes
implicating Botrytis cinerea (Vacher et al., 2008). The metabolism of

S. cerevisiae can reduce it to the slightly odorous (Z)-5-octen-3-one
(Darriet et al., 2002). Linolenic acid and its n-3 homologues are
thought to be precursors during its chemical oxidative formation
in butter (Rychlik, Schieberle, & Grosch, 1998). Moreover, its enzy-
matic formation and that of its corresponding alcohols by
lipoxygenase-catalyzed conversion of linoleic acid and linoleic acid
were previously demonstrated in mushrooms (Tressl, Bahri, &
Engel, 1982).

The compound reminiscent of geranium associated with
OZ1 had an LRI similar to (Z)-1,5-heptadien-3-one (IRLpol: 1278
IRLnonpol: 861). According to Lorber (Lorber et al., 2014), it has a
mix of odors reminiscent of metallic and geranium odors, i.e.
descriptors similar to those associated with OZ1.

3.3. Chemical analysis of volatile compounds

We analyzed the volatiles in red wines made with different con-
centrations of withered berries. The analysis of c-nonalactone and
c-decalactone was extended to other c and d-lactones (Table 3)
already described in red wines and presenting a similar aroma
reminiscent of fresh coconut and fruity nuances. To correlate the
quantitative data with the aroma of the wine itself, the odor activ-
ity values (OAV) of the compounds were calculated on the basis of
odor thresholds determined in model wine solution.

Detected at trace level in must and at a low level in the control
wine, c-nonalactone concentrations increased almost linearly
(r = 0.975) according to the amount of berries added to reach
133.5 lg/L (OAV = 4.9) in the 10 g modality. In this last modality,
c-nonalactone contributes directly to the flavor of the wine sam-
ple. Its detection threshold was reached at 1 g of withered berry.

As for c-nonalactone, the addition of berries infected by brown
rot induced the formation of other lactones to a lesser extent,
except for c-dodecalactone, which remained stable whatever the
quantity of berries added (Table 3).

For the 10 g treatments the incidence of alcoholic fermentation
on the formation of these lactones was investigated under our
experimental conditions. For the 10 g treatment the concentration
of lactones released during maceration of the whole berries in a
hydroalcoholic solution was evaluated. After 5 days at 24 !C, the
lactones were detectable in non-negligible quantities in the
hydroalcoholic solution (Table 3), although the levels were much
lower than those found in the wine after alcoholic fermentation.

Interestingly, c-nonalactone has also been reported at higher
levels in wines made with late-harvested shriveled berries of Shi-
raz grapevine (Šuklje et al., 2016). This suggests the potential sim-
ilarity between early shriveling due to the pathogen and late
shriveling due to abiotic stress (sunburn, late-season fruit
dehydration).

Table 3
Incidence of increasing concentrations of withered berries infected by P. viticola on volatile compounds concentration in Merlot wines. (n = 3).

Detection thresholda Must Wines rd

Treatments (g/75 mL)

0 1 2 5 8 10 10c

c-octalactone (mg:L) 7 trb 4.11 (1.1) 5.52 (0.5) 6.14 (1.5) 10.21 (1.9) 11.60 (2.2) 14.15 (2.5) 2.1 (0.6) 0.991
c-nonalactone (mg/L) 27 tr 5.82 (0.6) 30.55 (1.5) 52.47 (3.3) 96.41 (7.9) 111.90 (12.8) 133.54 (13.3) 12.3 (2.2) 0.975
c-decalactone (mg/L) 0.7 tr 2.70 (0.3) 4.34 (0.2) 4.92 (0.3) 7.11 (0.4) 7.71 (0.5) 8.56 (0.5) 2.1 (0.7) 0.964
c-undecalactone (mg/L) 60 tr tr 0.71 (0.2) 1.41 (0.3) 2.01 (0.3) 2.13 (0.3) 2.55 (0.3) tr 0.924
c-dodecalactone (mg/L) 7 tr 1.80 (0.5) 2.15 (0.6) 2.12 (0.7) 2.94 (0.3) 2.84 (0.7) 3.21 (0.8) tr 0.942
MND (ng/L) 16 8 16.2 (2.1) 17.5 (1.9) 18.5 (2.1) 35.2 (2.1) 44.1 (3.3) 61.1 (8.4) 32.1 (3.4) 0.983
IBMP (ng/L) 15 5.8 6.11 (0.9) 8.51 (0.8) 15.24 (0.8) 24.70 (3.4) 31.65 (6.8) 33.29 (5.2) 27.1 (3.3) 0.930

a (Gemmert, 2003).
b Traces.
c Concentrations in hydroalcoholic solutions supplemented with withered berries kept for 5 days at 24 !C (n = 2).
d Pearson correlations in bold were significant for a = 0.05. For each compound, concentration in bold corresponds to OAV > 1.
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the metabolism of S. cerevisiae has been shown by deuterium label-
ing to produce c-nonalactone from linoleic acid (Garbe, Landrock,
Hübke, & Tressl, 2005). c-Decalactone is widely produced by many
microorganisms thanks to b-oxidation of hydroxylated fatty acid
such as ricinoleic acid (Serra, Fuganti, & Brenna, 2005) or
10-hydroxystearic acid (An & Oh, 2013).

IBMP, which is reminiscent of bell pepper, has a perception
threshold of 15 ng/L (Roujou de Boubee, Van Leeuwen, &
Dubourdieu, 2000). It is the main known compound to date
responsible for the green pepper aromas of wines made frommany
grape varieties, including Cabernet Sauvignon, Cabernet Franc and
Sauvignon Blanc (Augustyn, Rapp, & Van Wyk, 1982). It is also
found in lower concentrations in other grape varieties (Merlot in
particular). It is naturally present in the grape and particularly in
the skin (Roujou de Boubee et al., 2000) and its concentration
drops sharply during maturation, especially under the influence
of temperature and light. Therefore, a significant content in grapes
at harvest is associated with a lack of maturity and affects the aro-
matic quality of a wine.

3-Methyl-2,4-nonanedione (MND), reminiscent of anise and
fruit pit, is a b-diketone identified in prematurely aged red wines
marked with an intense prune flavor (Pons, Lavigne, Frérot,
Darriet, & Dubourdieu, 2008). MND content was low (some ng/L)
in non-oxidized red wines and higher in oxidized red wines
(340 ng/L max), always exceeding its perception threshold
(16 ng/L). The role of oxidation in its formation in wines has also
been demonstrated. Oxidation of furanoid fatty acids (FFA) is
thought to result in this dione in several matrices (Guth &
Grosch, 1991), but the origin of MND is still unclear in wines.

Fine GC-O-MS analysis of the samples in which OZ1 and OZ2
were detected did not allow us to obtain a chromatographic peak,
probably owing to the very low levels of these compounds in the
samples.

In wines, geranium odors are not so common. However, three
compounds have already been described in wines which have cor-
responding odors: (E)-1-(2,3,6-trimethylphenyl)buta-1,3-diene
(Janusz et al., 2003), 2-ethoxy-3,5-hexadiene (Rapp, 1992) and
(Z)-1,5-octadien-3-one (Darriet et al., 2002). The LRI values of the
latter compound reported by several studies were 1369
(Steinhaus, 2015), 1372 (Lorber, Schieberle, & Buettner, 2014) on
polar and 980 (Lorber et al., 2014) on non-polar column, respec-
tively, and were similar to those obtained for OZ2 (LRIpol: 1376,
LRIapol: 960). The injection of the pure product allowed us to con-
firm its identification by GC-O. The odor of the pure product was
clearly reminiscent of that of geranium leaf. Its perception thresh-
old in must is 9 ng/L (Allamy, Darriet, & Pons, 2017). It has already
been detected by GC-O in grapes infected by bunch rot complexes
implicating Botrytis cinerea (Vacher et al., 2008). The metabolism of

S. cerevisiae can reduce it to the slightly odorous (Z)-5-octen-3-one
(Darriet et al., 2002). Linolenic acid and its n-3 homologues are
thought to be precursors during its chemical oxidative formation
in butter (Rychlik, Schieberle, & Grosch, 1998). Moreover, its enzy-
matic formation and that of its corresponding alcohols by
lipoxygenase-catalyzed conversion of linoleic acid and linoleic acid
were previously demonstrated in mushrooms (Tressl, Bahri, &
Engel, 1982).

The compound reminiscent of geranium associated with
OZ1 had an LRI similar to (Z)-1,5-heptadien-3-one (IRLpol: 1278
IRLnonpol: 861). According to Lorber (Lorber et al., 2014), it has a
mix of odors reminiscent of metallic and geranium odors, i.e.
descriptors similar to those associated with OZ1.

3.3. Chemical analysis of volatile compounds

We analyzed the volatiles in red wines made with different con-
centrations of withered berries. The analysis of c-nonalactone and
c-decalactone was extended to other c and d-lactones (Table 3)
already described in red wines and presenting a similar aroma
reminiscent of fresh coconut and fruity nuances. To correlate the
quantitative data with the aroma of the wine itself, the odor activ-
ity values (OAV) of the compounds were calculated on the basis of
odor thresholds determined in model wine solution.

Detected at trace level in must and at a low level in the control
wine, c-nonalactone concentrations increased almost linearly
(r = 0.975) according to the amount of berries added to reach
133.5 lg/L (OAV = 4.9) in the 10 g modality. In this last modality,
c-nonalactone contributes directly to the flavor of the wine sam-
ple. Its detection threshold was reached at 1 g of withered berry.

As for c-nonalactone, the addition of berries infected by brown
rot induced the formation of other lactones to a lesser extent,
except for c-dodecalactone, which remained stable whatever the
quantity of berries added (Table 3).

For the 10 g treatments the incidence of alcoholic fermentation
on the formation of these lactones was investigated under our
experimental conditions. For the 10 g treatment the concentration
of lactones released during maceration of the whole berries in a
hydroalcoholic solution was evaluated. After 5 days at 24 !C, the
lactones were detectable in non-negligible quantities in the
hydroalcoholic solution (Table 3), although the levels were much
lower than those found in the wine after alcoholic fermentation.

Interestingly, c-nonalactone has also been reported at higher
levels in wines made with late-harvested shriveled berries of Shi-
raz grapevine (Šuklje et al., 2016). This suggests the potential sim-
ilarity between early shriveling due to the pathogen and late
shriveling due to abiotic stress (sunburn, late-season fruit
dehydration).

Table 3
Incidence of increasing concentrations of withered berries infected by P. viticola on volatile compounds concentration in Merlot wines. (n = 3).

Detection thresholda Must Wines rd

Treatments (g/75 mL)

0 1 2 5 8 10 10c

c-octalactone (mg:L) 7 trb 4.11 (1.1) 5.52 (0.5) 6.14 (1.5) 10.21 (1.9) 11.60 (2.2) 14.15 (2.5) 2.1 (0.6) 0.991
c-nonalactone (mg/L) 27 tr 5.82 (0.6) 30.55 (1.5) 52.47 (3.3) 96.41 (7.9) 111.90 (12.8) 133.54 (13.3) 12.3 (2.2) 0.975
c-decalactone (mg/L) 0.7 tr 2.70 (0.3) 4.34 (0.2) 4.92 (0.3) 7.11 (0.4) 7.71 (0.5) 8.56 (0.5) 2.1 (0.7) 0.964
c-undecalactone (mg/L) 60 tr tr 0.71 (0.2) 1.41 (0.3) 2.01 (0.3) 2.13 (0.3) 2.55 (0.3) tr 0.924
c-dodecalactone (mg/L) 7 tr 1.80 (0.5) 2.15 (0.6) 2.12 (0.7) 2.94 (0.3) 2.84 (0.7) 3.21 (0.8) tr 0.942
MND (ng/L) 16 8 16.2 (2.1) 17.5 (1.9) 18.5 (2.1) 35.2 (2.1) 44.1 (3.3) 61.1 (8.4) 32.1 (3.4) 0.983
IBMP (ng/L) 15 5.8 6.11 (0.9) 8.51 (0.8) 15.24 (0.8) 24.70 (3.4) 31.65 (6.8) 33.29 (5.2) 27.1 (3.3) 0.930

a (Gemmert, 2003).
b Traces.
c Concentrations in hydroalcoholic solutions supplemented with withered berries kept for 5 days at 24 !C (n = 2).
d Pearson correlations in bold were significant for a = 0.05. For each compound, concentration in bold corresponds to OAV > 1.
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Interpretation of wine aroma modification in relation 
with downy mildew on grapes
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• Modified fruity expression : Increased proportion of some lactones
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γ-Nonalactone
(Fruity, coconut, almond)

v Identified in apricot (Tang, 1968), peach (Bayonove, 1988), natural sweet
wines (Cutzach, 1999)

v Results from the oxidation of some unsaturated fatty acids (linoleic acid) 
(Tressl, 1980)

v Compound found naturally in red wine 5-30 µg / L (increased values in wines
from overmatured grapes/grapes diseased by Botrytis cinerea …)

O
O

Detection olfactory threshold in alcoholic solution 27 µg / L, in a red wine 60 µg / L

Pons et al. Œno 2011, Dunod 2012
Pons et al. 2014
Pons et al. 2017



the metabolism of S. cerevisiae has been shown by deuterium label-
ing to produce c-nonalactone from linoleic acid (Garbe, Landrock,
Hübke, & Tressl, 2005). c-Decalactone is widely produced by many
microorganisms thanks to b-oxidation of hydroxylated fatty acid
such as ricinoleic acid (Serra, Fuganti, & Brenna, 2005) or
10-hydroxystearic acid (An & Oh, 2013).

IBMP, which is reminiscent of bell pepper, has a perception
threshold of 15 ng/L (Roujou de Boubee, Van Leeuwen, &
Dubourdieu, 2000). It is the main known compound to date
responsible for the green pepper aromas of wines made frommany
grape varieties, including Cabernet Sauvignon, Cabernet Franc and
Sauvignon Blanc (Augustyn, Rapp, & Van Wyk, 1982). It is also
found in lower concentrations in other grape varieties (Merlot in
particular). It is naturally present in the grape and particularly in
the skin (Roujou de Boubee et al., 2000) and its concentration
drops sharply during maturation, especially under the influence
of temperature and light. Therefore, a significant content in grapes
at harvest is associated with a lack of maturity and affects the aro-
matic quality of a wine.

3-Methyl-2,4-nonanedione (MND), reminiscent of anise and
fruit pit, is a b-diketone identified in prematurely aged red wines
marked with an intense prune flavor (Pons, Lavigne, Frérot,
Darriet, & Dubourdieu, 2008). MND content was low (some ng/L)
in non-oxidized red wines and higher in oxidized red wines
(340 ng/L max), always exceeding its perception threshold
(16 ng/L). The role of oxidation in its formation in wines has also
been demonstrated. Oxidation of furanoid fatty acids (FFA) is
thought to result in this dione in several matrices (Guth &
Grosch, 1991), but the origin of MND is still unclear in wines.

Fine GC-O-MS analysis of the samples in which OZ1 and OZ2
were detected did not allow us to obtain a chromatographic peak,
probably owing to the very low levels of these compounds in the
samples.

In wines, geranium odors are not so common. However, three
compounds have already been described in wines which have cor-
responding odors: (E)-1-(2,3,6-trimethylphenyl)buta-1,3-diene
(Janusz et al., 2003), 2-ethoxy-3,5-hexadiene (Rapp, 1992) and
(Z)-1,5-octadien-3-one (Darriet et al., 2002). The LRI values of the
latter compound reported by several studies were 1369
(Steinhaus, 2015), 1372 (Lorber, Schieberle, & Buettner, 2014) on
polar and 980 (Lorber et al., 2014) on non-polar column, respec-
tively, and were similar to those obtained for OZ2 (LRIpol: 1376,
LRIapol: 960). The injection of the pure product allowed us to con-
firm its identification by GC-O. The odor of the pure product was
clearly reminiscent of that of geranium leaf. Its perception thresh-
old in must is 9 ng/L (Allamy, Darriet, & Pons, 2017). It has already
been detected by GC-O in grapes infected by bunch rot complexes
implicating Botrytis cinerea (Vacher et al., 2008). The metabolism of

S. cerevisiae can reduce it to the slightly odorous (Z)-5-octen-3-one
(Darriet et al., 2002). Linolenic acid and its n-3 homologues are
thought to be precursors during its chemical oxidative formation
in butter (Rychlik, Schieberle, & Grosch, 1998). Moreover, its enzy-
matic formation and that of its corresponding alcohols by
lipoxygenase-catalyzed conversion of linoleic acid and linoleic acid
were previously demonstrated in mushrooms (Tressl, Bahri, &
Engel, 1982).

The compound reminiscent of geranium associated with
OZ1 had an LRI similar to (Z)-1,5-heptadien-3-one (IRLpol: 1278
IRLnonpol: 861). According to Lorber (Lorber et al., 2014), it has a
mix of odors reminiscent of metallic and geranium odors, i.e.
descriptors similar to those associated with OZ1.

3.3. Chemical analysis of volatile compounds

We analyzed the volatiles in red wines made with different con-
centrations of withered berries. The analysis of c-nonalactone and
c-decalactone was extended to other c and d-lactones (Table 3)
already described in red wines and presenting a similar aroma
reminiscent of fresh coconut and fruity nuances. To correlate the
quantitative data with the aroma of the wine itself, the odor activ-
ity values (OAV) of the compounds were calculated on the basis of
odor thresholds determined in model wine solution.

Detected at trace level in must and at a low level in the control
wine, c-nonalactone concentrations increased almost linearly
(r = 0.975) according to the amount of berries added to reach
133.5 lg/L (OAV = 4.9) in the 10 g modality. In this last modality,
c-nonalactone contributes directly to the flavor of the wine sam-
ple. Its detection threshold was reached at 1 g of withered berry.

As for c-nonalactone, the addition of berries infected by brown
rot induced the formation of other lactones to a lesser extent,
except for c-dodecalactone, which remained stable whatever the
quantity of berries added (Table 3).

For the 10 g treatments the incidence of alcoholic fermentation
on the formation of these lactones was investigated under our
experimental conditions. For the 10 g treatment the concentration
of lactones released during maceration of the whole berries in a
hydroalcoholic solution was evaluated. After 5 days at 24 !C, the
lactones were detectable in non-negligible quantities in the
hydroalcoholic solution (Table 3), although the levels were much
lower than those found in the wine after alcoholic fermentation.

Interestingly, c-nonalactone has also been reported at higher
levels in wines made with late-harvested shriveled berries of Shi-
raz grapevine (Šuklje et al., 2016). This suggests the potential sim-
ilarity between early shriveling due to the pathogen and late
shriveling due to abiotic stress (sunburn, late-season fruit
dehydration).

Table 3
Incidence of increasing concentrations of withered berries infected by P. viticola on volatile compounds concentration in Merlot wines. (n = 3).

Detection thresholda Must Wines rd

Treatments (g/75 mL)

0 1 2 5 8 10 10c

c-octalactone (mg:L) 7 trb 4.11 (1.1) 5.52 (0.5) 6.14 (1.5) 10.21 (1.9) 11.60 (2.2) 14.15 (2.5) 2.1 (0.6) 0.991
c-nonalactone (mg/L) 27 tr 5.82 (0.6) 30.55 (1.5) 52.47 (3.3) 96.41 (7.9) 111.90 (12.8) 133.54 (13.3) 12.3 (2.2) 0.975
c-decalactone (mg/L) 0.7 tr 2.70 (0.3) 4.34 (0.2) 4.92 (0.3) 7.11 (0.4) 7.71 (0.5) 8.56 (0.5) 2.1 (0.7) 0.964
c-undecalactone (mg/L) 60 tr tr 0.71 (0.2) 1.41 (0.3) 2.01 (0.3) 2.13 (0.3) 2.55 (0.3) tr 0.924
c-dodecalactone (mg/L) 7 tr 1.80 (0.5) 2.15 (0.6) 2.12 (0.7) 2.94 (0.3) 2.84 (0.7) 3.21 (0.8) tr 0.942
MND (ng/L) 16 8 16.2 (2.1) 17.5 (1.9) 18.5 (2.1) 35.2 (2.1) 44.1 (3.3) 61.1 (8.4) 32.1 (3.4) 0.983
IBMP (ng/L) 15 5.8 6.11 (0.9) 8.51 (0.8) 15.24 (0.8) 24.70 (3.4) 31.65 (6.8) 33.29 (5.2) 27.1 (3.3) 0.930

a (Gemmert, 2003).
b Traces.
c Concentrations in hydroalcoholic solutions supplemented with withered berries kept for 5 days at 24 !C (n = 2).
d Pearson correlations in bold were significant for a = 0.05. For each compound, concentration in bold corresponds to OAV > 1.
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Interpretation of wine aroma modification in relation 
with downy mildew on grapes

• Fruity expression : Increased proportion of some lactones and MND (3-methyl-2,4-nonadione) 

• Both derivatives of lipidic compounds
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Incidence of increasing concentration of withered berries
infected by P. viticola on herbaceous/cooked fruit odor
intensity in young and aged Cabernet Sauvignon and 

Merlot wines. 

Concerning MND, it was detected at low levels in must and
wine. There was a clear linear correlation with the concentration
(r = 0.983) of infected berries in the media. The highest level was
61.1 ng/L, which is higher than its perception threshold (16 ng/L).
Moreover, it was found at high levels not only in infected grapes
but also during alcoholic fermentation. Therefore, the concentra-
tion of MND at the end of alcoholic fermentation depends on two
phenomena: the first is its reduction due to yeast reductase (as
already demonstrated for other carbonyls); the second results in
its formation from precursors found at higher levels in infected
berries.

The lactones and ketones we identified have precursors belong-
ing to the same fatty acid family. As recently demonstrated by
Figueiredo et al. (2017) inoculation of P. viticola on Trincadeira
leaves induced an increase in lipid peroxidation as well as an
increase in H2O2 level. Our results suggest the high lipoxygenase
activity of the grapes that are able to peroxidize polyunsaturated
fatty acids in response to pathogen attack (Howe & Schilmiller,
2002), giving rise to volatile aldehydes and ketones and hydroxy-
fatty acid. The latter compounds are metabolized into lactones by
yeast.

The control Merlot wine contained a non-negligible level of
IBMP that was below its perception threshold (OAV < 1). The addi-
tion of increasing amounts of berries infected by brown rot
increased the IBMP content of the wines in a linear manner
(r = 0.930). The detection threshold was reached as of 2 g treat-
ment. From 5 g, the medium contained more than 25 ng/L and
more than 33 ng/L (OAV = 2.2) for the modality containing the lar-
gest amount of infected berries. At these levels it is likely that IBMP
contributes significantly to the bell pepper nuance of these wines.

Maceration experiments indicated that berries infected by
brown rot contain significant amounts of IBMP, i.e. withering of
the berry due to brown rot concentrates the most stable com-
pounds. Owing to its chemical structure, it is likely that IBMP is
one of these compounds and that it occurs in large quantities in
berries infected by brown rot.

3.4. Analytical and sensorial effect of vinification of berries infected by
P. viticola on red Merlot and Cabernet Sauvignon wines over time

We thus identified for the first time some volatile compounds
involved in the aroma of wines resulting from microvinification
of grapes infected by rot brown under laboratory conditions. We
were also interested in their organoleptic impact in conditions
closer to real winemaking conditions.

3.4.1. Enological parameters
Table 2 (supplementary data) shows the enological parameters

of the different wines produced. Control Merlot and Cabernet

Sauvignon wines corresponding to grapes harvested in 2009 and
2012, respectively, had a similar composition, suggesting similar
levels of grape maturity. For Merlot wines, the parameters system-
atically influenced by P. viticola infection were pH and total acidity.
This is probably due to green berry dehydration, which increases
the acid concentration in wines. Surprisingly, this was not clear
for Cabernet Sauvignon wines since the addition of withered ber-
ries had no effect on standard enological parameters. Moreover,
the wines produced had similar average ethanol levels.

3.4.2. Sensorial analysis of young and aged red wines
Wines were tasted twice during the first year of their produc-

tion and after 6 and 3 years of aging for Merlot and Cabernet Sau-
vignon wines, respectively. Results concerning the ranking of
Merlot and Cabernet Sauvignons wines according to the intensity
of cooked fruit/herbaceous character are shown in Table 4. The
panel was able to rank the wines according to the concentration
of withered berries; a greater quantity added to the must resulted
in a higher intensity of odors perceived. These odors were stable
over time for both Merlot and Cabernet Sauvignon wines.

3.4.3. Assay of volatile compounds in young and aged wines
For each batch, the overall compounds previously identified

were quantitated over time. The analysis of red wines samples
vinified in the presence of increasing levels of berries infected by
brown rot revealed that c-nonalactone, and to a lesser extent c-
octalactone and c-decalactone, increased in a linear manner in
Merlot wines (Table 5). On the contrary, unlike what we obtained
at laboratory scale, c-undecalactone, c-dodecalactone and d-
decalactone were not detected in these wines. In Cabernet Sauvi-
gnon wines, c-nonalactone was detected at a lower concentration
than in Merlot wines, and it was the only lactone that correlated
well with the proportion of infected berries (r = 0.979). The level
of c-nonalactone was greater in young Merlot wines produced
with 2% infected berries than in the control sample. From 5% infec-
tion the concentration reached 38.3 mg/L (OAV = 1.4), thereby
exceeding its detection threshold. Similar results were observed
for c-decalactone. A modification in c-octalactone level was
observed with 10% infected berries but its concentration did not
reach the level of detection, so its direct contribution to the aroma
of wine was not established. Nevertheless, it may contribute,
thanks to the phenomenon of additivity with other lactones with
similar chemical structures and aroma descriptors (Jarauta,
Ferreira, & Cacho, 2006).

The analysis of wines aged in bottles (Table 5) showed that
the c-lactone concentration tends to increase during bottle aging.
This was particularly clear for c-nonalactone in wines made
with withered Merlot and Cabernet sauvignon berries but also
for control wine. Concerning Cabernet Sauvignon wines, although

Table 4
Incidence of increasing concentration of withered berries infected by P. viticola on herbaceous/cooked fruit odor intensity in young and aged Cabernet Sauvignon and Merlot
wines.

Vines Aging time (years) Sum of ranks Lb L 0.05 L 0.01

% berries

0 2 5 10 15 20

Merlot T0 1 19 21 32 51 64 65 1071c 928 946
T1 6 12 30 33 42 39 54 843d 777 793

Cabernet-Sauvignon T0 0.7 25 27 32 42 / 54 613c 570 584
T1 3 20 24 25 37 / 44 511d 477 487

a R1. . .R4 are sums of ranks for treatments 0 to 20.
b L was calculated as described in ISO 8587 (Garde-Cerdán & Ancín-Azpilicueta, 2006) for Page test: L ¼

Pp
i¼1iRi. This value was compared to those found in tables in the

case of complete block.
c n = 14.
d n = 10.

A. Pons et al. / Food Chemistry 239 (2018) 102–110 107
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. B. cinerea laccase activity (polyphenol oxidase) oxidating
grapes and wines polyphenols (anthocyanins, tanins) Dubernet, 
Ribereau-Gayon (1975); Mayer A.M. (2000); Ky et al. 2012

. Hydrolysis of fatty acid ethyl esters contributing to the 
fermentative aroma by B. cinerea esterase Dubourdieu et al. 
(1985)

. Enzymatic hydroxylation of monoterpenes (linalol, 
geraniol…) contributing to Muscat type aroma to less
odoriferous compounds Boidron (1978);  Bock et al. (1986)

. Contribution generally to some off flavours (Bayonove et al. 
1999) but usually not very stable and intense (La Guerche et 
al. 2006)

OH

OH

OH

w-hydroxylation

Linalol 8-Hydroxylinalol

2-methylisoborneol

Ex:

2-methylbornene2-methylenebornan

OH

3- Alteration of enological quality due to diseased
grapes by Botrytis cinerea and complex rots



Characteristics of harvests partially spoiled grapes with bunch rot 
complexes

. not always easily distinguishable because rot situated 
inside the bunch 
. with wet conditions before and during harvesting (100 mm precipitation)
. persevering morning mists 
. berries wounded due to insects and hail



Secondary rot, Rot complexes



OH

(-)-geosmin
Olfactory detection threshold in wine
40 ng/L
Concentration up to 500 ng/L)

Darriet et al. 2000 J Agric Food Chem., 2001,Eur J Food Res Techn
La Guerche et al. 2006 J Agric Food Chem.

■ powerful compound : damp earth, beetroot
■ terpene synthesized by Streptomyces sp. and
various Penicillium sp.

■ From the 2000th, the proportion of vineyards
concerned is more important (France, Europe)
■ Grape varieties concerned : Gamay, Pinot noir, 
Cabernet Sauvignon, Chardonnay, Sémillon, Chenin

■ Grapes containing (-)geosmin are associated with bunch rot 
complexes implicating with Botrytis cinerea various
Penicillium sp. particularly P.expansum

Secondary bunch rot implicating B cinerea
with various saprophytic fungi : production of potent off-flavors



Penicillium sp.
particularly
P.expansum

aminoacids mannitol

Unsaturated fatty acids
(skin berry)

Botrytis cinerea

producesdegrades

Low aw-value
(0.92)

Model for formation of (-)geosmin on grapes : 
implicating with Penicillium sp., and Botrytis cinerea

metabolisms

OH

(-)-Geosmin
(olfactory detection threshold 40 
ng/L)
Concentration up to 500 ng/L)

La Guerche et al. 2004, 2005, 2007 Ant Van Leuw. Int J Microb
2006 J Agric Food Chem; Morales-Valle et al. 2011 Food Microbiol

Collaboration with UMR 1065 INRA SAVE
D Blancard, P Sauris

3

Spores 
and 
large 
myceli
a of B. 
cinerea

Penicillium sp.

electronic microscopy
of an earthy berry



Grape varieties :  Pinot meunier, Pinot gris, Pinot noir, Chenin, Sauvignon…

1-octen-3-one
Olfactory detection threshold 30 ng/L
Concentration up to 350 ng/L)

Pons et al. J Agric Food Chem, 2011

O

Wine sample 1-octen-3-one (ng/L) 1-nonen-3-one (ng/L) 1-octen-3-ol (µg/L) Fresh Mushroom
flavor

Pinot gris 2007 20 ± 3 23 ± 3 17 weak

Pinot gris 2007 115 ± 10 20 ± 2 5 Intense

Pinot meunier 2006 106 ± 10 31 ± 3 2 Intense

Pinot meunier 2006 120 ± 10 20 ± 2 5 Intense

1-nonen-3-one
Olfactory detection threshold 8 ng/L
Concentration up to 160 ng/L)

Other story - Secondary bunch rot implicating B cinerea
with various saprophytic fungi : production of potent off-flavors



Grape varieties :  Pinot meunier, Pinot gris, Pinot noir, Chenin, Sauvignon …

1-octen-3-one
Olfactory detection threshold in
white wine 40 ng/L
Concentration up to 350 ng/L)

Pons et al. J Agric Food Chem, 2011

O

1-nonen-3-one
Olfactory detection threshold in 
8 ng/L model media close to wine
Concentration up to 160 ng/L)

Other story - Secondary bunch rot implicating B cinerea
with various saprophytic fungi : production of potent off-flavors

. Particularity of the situation

ØFormation of 1-octen-3-one and 1-nonen-3-one 
during Alcoholic Fermentation from aroma precursors

. In the vineyard
ØGrape bunch complexes with
Penicillium sp., Clonostachys sp., Trichothecium roseum, 
Verticillium sp., and Trichoderma sp. (Vacher et al. 2008) 



Main parameters related to organic/conventional
spraying in relation with grape and wine

component

• Protection of vines against pathogens
• Pesticide (organic, not organic) and 

grape/wine composition, microbiological
aspects

• Pesticide and grape/wine residues and their
limitation



Enological risks
related to the application of pesticides 

on vine

. Difficulties for alcoholic fermentation 

. Development of sensory defects

. Modification of aromatic components, polyphenolic
the quality of grapes and wines
. Modification of grape microflora



Enological risks
related to the application of pesticides 

on vine

Related to 

-Impact of pesticide residues on grape/wine composition
• through direct chemical reactivity during alcoholic fermentation

and ageing (potential organic/conventional viticulture) (persistence
of residue on grape)

• through modification of grape physiology

-Impact of pesticides on grape physiology with systemic pesticides
(conventional viticulture)



1-Historical subjects related to difficulties for 
alcoholic fermentation 

• Inhibition of yeast populations: 
Phthalimide (captan, folpet) 
Sulfonamides (Dichlofluanid) 
Phthalic derivative (chlorothalonil) 

• Difficulties to completion of alcoholic fermentation: 
Triazoles, Imidazoles (triadimefon, Flusilazole ...) 
Carbamic acid derivative (thiophanate-methyl) 

• Little inhibitory effects of MLF

• Limited impact of copper residues on alcoholic fermentation
development



Active ingredient Type Commercial name Sulfur off odors

Lannate Insecticide Méthomyl CH 3SH, CH 3-S-S-CH 3

Acephate Insecticide Orthène CH 3SH, CH 3-S-S-CH 3

Dithiocarbamate Fungicide Mancozèbe, Manèbe… H 2S

Thirame CS2
COS

Sulfur Fungicide H 2S

Folpet Fungicide Folpel, Folpet… CS2
COS

2-Sulfur olfactory defects sulfur in wines related to the 
application of pesticides



Impact of cupric protection on copper residues and  
the impact on wine varietal aroma

Copper reactivity with
sulfur compounds : thiols or
Sulfanyl

Due to reactivity of residue on aroma component during alcoholic
fermentation

3-Modification of aromatic components, polyphenolic the quality of grapes
and wines



– Some thiols responsible for off-flavors (CH3SH, CH3CH2SH)

– Antioxydative compound of grape and wines : glutathione

– Highly volatile thiol compounds frequently presenting
powerful and penetrating aromas contributing to the 
specific flavor of numerous wines (white, red, dessert wines)

Thiol compounds or sulfanyl



Varietal thiols content in the wines of 
various grape varieties

 4MSP 3SH 3SHA 

Champagne wines nd 250-640  

Colombard nd 400-1100 20-60 

Gewürztraminer 4-15 1000-3300 0-10 

Macabeo nd nd 15-20 

Merlot (rosé wines) nd 0-7000 nd 

Muscadet nd 50-450 nd 

Muscat 5-30 100-900 nd 

Negrette 1-4 800-1500 8-22 

Petit Manseng nd 500-5000 50-150 

Pinot Blanc 0-1 90-250 nd 

Pinot Gris 0-2 310-1050 2-50 

Riesling 2-10 400-1000 0-10 

Sauvignon Blanc 5-60 250-15000 10-1000 

Semillon 0-5 100-2000 10-100 

Botrytised wines 0-100 1000-20000 nd 

Sylvaner 0.2-0.5 60-150 nd 

Verdejo nd nd 40-50 

 

Sauvignon

Cabernet Sauvignon 

3-sulfanylhexanol (3SH)

(grapefruit)

SH

OH

Olfactory perception threshold: 0,8 ng/l
OSH

4-sulfanyl-4-methylpentan-2-one



Varietal thiols release during alcoholic 
fermentation by  S.cerevisiae from aroma

precursors
Saccharomyces cerevisiae

S-3-hexan-1-ol-L-cystein (P3MH)

ab elimination :
ß-lyase

S-3-hexan-1-ol-glutathione

SH

OH

OH N
N

OH

O

NH2

O
S

O

O

OH

carboxypeptidase
glutamyltranspeptidase

ab elimination :
ß-lyase

Trapping by Cu+

(content residue
> 0.5-1 mg/L)

3-sulfanylhexan-1-ol

Olfactory perception threshold: 0,8 ng/l
OSH

4-sulfanyl-4-methylpentan-2-one

Tominaga et al. 1998 
Murat et al. 2001, Hatzidimitriou et al 1996



Consequences of copper treatments on the content 
in 3-sulfanylhexanol (3SH) in wines Colombard related

the residue of copper (2001-2003)

ITV Gaillac, Serrano et al. 2004

Copper concentration (mg/L)



Conv spraying Spraying on leaves

Cabernet Sauvignon 13,6 2,4
Margaux (1997)

Cabernet Sauvignon 11,6 1,4
Margaux (1998)

Merlot 16,7 3,8
Pomerol (1997)

Merlot 6,4 2,3
Pomerol (1998)

Sauvignon blanc 7,3 3,5
Entre-deux-Mers (1997)

Copper (mg/L)

Incidence of localized protection of fungicide on foliage
on the residue of grape juices

Vitis  40 (2) 93-99, 2001  



Limited impact of copper spraying only directed on the leaves

T a b l e  4

Volatile thiols concentrations in Sauvignon blanc, Cabernet Sauvignon and Merlot wines in relation to different sprayings
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and for 4-mercapto-4-methylpentan-2-one concentrations in
Sauvignon blanc. A comparison of 3-mercaptohexanol con-
centrations in wines made from folpet-sprayed vines with
those in wines from copper-sprayed vines showed decreases
between 89 and 37 % (one copper treatment at 3000 g ha-1)
and a decrease between 94 and 63 % (two sprayings with
Bordeaux mixture) (Tab. 4). The effect of copper sprayings
on 3-mercaptohexanol concentrations (%) in Merlot and
Cabernet Sauvignon wines in comparison with wines ob-
tained from folpet-sprayed vines was statistically signifi-
cant for the three years (Tab. 4). 4-mercapto-4-methylpentan-
2-one concentrations in Sauvignon blanc wines were dis-
tinctly lower compared to those in wines from folpet plots
(at least a 50 % difference of 4-mercapto-4-methylpentan-2-
one with two copper sprayings and at least a 25 % differ-
ence with one copper spraying). These differences were less
pronounced for 3-mercapto-2-methylpropanol, another more
abundant thiol originating possibly from fermentation
(BOUCHILLOUX et al. 2000) (decrease between 12 and 70 % in
comparison with wine made from folpet-treated vines)
(Tab. 4). Moreover, if grapes were protected from copper

during the last spraying at veraison (CS 5), the 3-mercapto-
hexanol content in Cabernet Sauvignon wines was very close
to that obtained from folpet-treated vines. This result was
closely correlated with the low concentrations of copper
residues in must before alcoholic fermentation (Tab. 2).

 A significant statistical difference was also established
for the sensorial analysis of the wines with reference to aroma
complexity and fruitiness (Tab. 5). When applying the low
olfactory perception threshold of 3-mercaptohexanol or
4-mercapto-4-methylpentan-2-one in the model solution
(60 ng l"# and 0.8 ng l"#, respectively; TOMINAGA et al. 1998 b,
DARRIET et al. 1995) and the ratio of the concentration of
these compounds on the olfactory perception threshold in
reference wines and wines obtained from copper-sprayed
vines, these data were very coherent with sensorial analy-
sis.

Copper reactivity with thiol compounds is a well known
phenomenon in oenology, since copper sulphate (up to
1 mg l"#) is an authorized treatment to remove certain aro-
matic defects due to thiol compounds (EU Regulation,
822/87). HATZIDIMITRIOU et al. (1996) first demonstrated that
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T a b l e  2

Sugar, titratable acidity, pH and copper residues of grape juices in relation with copper sprayings
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The copper treatments of the vine and grape
composition and wine

• Decreased of content in thiols in wine associated with treatment of vine with
copper

• Impact from the « grape closure » stage
• No enological damage with treatments selectively applied to the foliage

at veraison

• Depends on the dose of copper applied during the vegetative stage



Other effects of copper sprayings due to phytotoxic
properties

Impact on berry size (smaller berries)
Impact on sugar content (diminished)
Impact on anthocyanin concentrations (diminished)

Under specific conditions of increased copper sprayings

Vitis 40 (2) 93-99, 2001  

…but non longer at spraying treatments < 1kg cu/ha

3-Modification of aromatic components, polyphenolic the quality of grapes
and wines



Other examples of fungicide impacts

Treatment with various fungicides and impact 
on wine fermentative aroma (Molina et al. 1999)

-Treatments with sterol and impact on composition 
monoterpene composition (Aubert et al., J.Sci.Vigne Vin, 1997)

3-Modification of aromatic components, polyphenolic the quality of grapes
and wines

No information currently concerning Low Concern Products : basic 
substances (Example: willow bark (wicker), horsetail, nettle... used

for specified preparation methods



4) Fungicide treatments and limitation of grape microflora

Negative correlation between copper
concentrations and bacterial density

25/05/14'

16'

•  The'main'fungicides'that'are'permiXed'in'organic'
agriculture,'are'based'on'formula8ons'containing'
copper'and'sulphur'compounds'and'their'use'is'well'
regulated.'

•  'The'yeast'communi8es'on'grape'surfaces'can'be'
either'beneficial'or'harmful'to'the'quality'of'the'
resul8ng''wine.'Moreover,'the'vineyard'might'be'a'
reservoir'of'autochthonous'yeast'of'oenological'
interest'that'should'be'conserved'

IP'Erasmus'OENOBIO' 31'

bacteria'influence'on'grape'berry'
ecology''

•  'A'nega8ve'correla8on'between'copper'
concentra8ons'and'bacteria'cell'densi8es'
provided'clear'evidence'that'copper'inhibited'
microbial'communi8es.''

IP'Erasmus'OENOBIO' 32'



Correlation of copper content on grapes with
diminution of microbial population density at 

veraison

Martins, G., Vallance, J., Mercier, A., Albertin, W., Stamatopoulos, P., Rey, P., et al. (2014). 
Influence of the farming system on the epiphytic yeasts and yeast- like fungi colonizing 
grape berries during the ripening process. Int. J. Food Microbiol. 177, 21–28. 

TOTAL YEAST

TOTAL BACTERIA



Main parameters related to organic/conventional
spraying in relation with grape and wine

component

• Protection of vines against pathogens
• Pesticide (organic, not organic) and 

grape/wine composition, microbiological
aspects

• Pesticide and grape and wine residues and 
their limitation



Parameters influencing fungicide residues on grapes

• Number of treatments
• Waiting delay between the last application and harvest and kinetics of 

degradation of the fungicide
• Persistence of the product
• Location of phytosanitary treatment (all vegetation, grapes, only the foliage ...)
• Type of vinification



during
Last spraying 20 days after

Type fungicide Nb applications (mg/Kg) (mg/Kg) (mg/Kg)

mancozèbe 6 à 8 14 à 29 3,6 à 10 3,4 à 10,2
dichlofluanide 6 à 8 12,8 à 44 7 à 19,6 1,7 à 12

Folpel 6 à 8 5,8 à 40,5 2,4 à 20,5 2,6 à 12,8

vinchlozoline 5 2,7 à 6,2 1 à 2 0,3 à 1,6
iprodione 5 2,0 à 6,7 1,3 à 4 0,6 à 3

procymidone 5 4,4 à 8,7 2,2 à 4,4 1 à 4,4
Soufre 6 14 à 25 6 à 7 5 à 8

Lemperle (1989)

Impact of the waiting period on the residue
(ancient families of fungicides)

50 days after

Big concern on fungicides with Carcinogenic, Mutagens, 
Reprotoxics and endocrine disrupters pesticides



Impact of the waiting period on the residue
(more recent families of fungicides)

0-1 6 à 7 14 21 28 Time  Half life

azoxystrobine (mg/kg) 0,5 0,31 0,23 0,19 15,2  days
cyprodinil (mg/kg) 5,54 2,27 1,69 1,08 1,03 12  days
fluazinam (mg/kg) 1,21 0,51 0,15 0,04 4,3  D

fluodioxonil (mg/kg) 1,8 1,6 1,46 1,2 0,78 24  D
kresoxim-methyl (mg/kg) 0,15 0,08 < 0,01 <0,01

pyrimethanil (mg/kg) 1,6 1,3 1,24 1,2 1,1 57  D
tebuconazole (mg/kg) 4,8 3,16 2,7 0,7 0,4 4,8  D

interval of days after the last application

Lemperle (1989)
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Evolution of the copper content at
the surface of the berries during

grape maturationin Cu solubility by forming weak acids that lower the pH
of the water on the plant surface, which increases Cu
solubility and availability (Arman and Wain 1958). In
addition, differences in the structural characteristics of
plants—including stomatal density, cuticle layer thick-
ness, and epidermal hairs density—affect the absorption
of Cu ions by leaf surfaces (Fu et al. 2015).

There are concerns that frequent applications of CBACs
have led to the emergence of copper-resistant strains in agri-
culture raising doubt on the long-term sustainability of agri-
cultural production. In addition, CBACs have adverse effects
on the environment and biodiversity, such as contamination of
soil and groundwater, with significant impact on soil biota
(Kandeler et al. 1996; Merrington et al. 2002). Furthermore,
soil accumulation is likely to affect crop health in the long
term. Ionic Cu, which is the toxic form to plants and microor-
ganisms, is bound in the soil to particles of organic matter,
clay, and metal hydroxides. Hence, downward movement of
Cu through the soil profile is greater in sandy soils than soils
rich in clay or organic matter (Alva et al. 1995). Moreover, Cu
availability and toxicity in the soil is prominently increased as
the soil pH decreases. At higher pH, Cu remains in insoluble
forms (Zhu and Alva 1993). Cu leaching through the soil
profile and the possible toxic effects on trees can be mitigated
by raising soil pH and/or building up organic matter content in
the soil (Alva et al. 1995) or by applying gypsum to reduce
soil toxicity (Alva et al. 1993).

The aims of this review are to (i) highlight both benefits
and risks related to the use of CBACs, (ii) identify potential
for their improvement and opportunities for further research,
and (iii) list alternatives to CBACs which are either devel-
oped, but not yet in use or already available on the market.

2 Copper biocides used for crop protection

Copper is an essential micronutrient for all living organisms
including plants and it acts as a cofactor for several enzymes
involved in respiration and electron transport proteins
(Sommer 1931). At the same time, Cu acts as a broad-
spectrum biocide at higher concentrations due to its interac-
tion with nucleic acids, disruption of enzyme active sites, in-
terference with the energy transport system, and finally the
disruption of the integrity of cell membranes (Fleming and
Trevors 1989). A number of inorganic Cu formulations have
been developed and used as biocides to contain plant patho-
genic bacteria, fungi, oomycetes and in some instances, inver-
tebrates and algae (Schüder et al. 2004; Capinera and Dickens
2016) (Table 1). In addition to the direct application on plants
in the field, CBACs are also used for seed treatment to prevent
infection of seedlings by plant pathogens (Carisse et al. 2000;
Verma et al. 2011).

Awide availability of CBACs has facilitated foliar disease
management of a number of annual and perennial crops.
CBACs are mainly used to manage diseases, especially in
organic agriculture since the application of conventional fun-
gicides is forbidden in this system. Among the most important
crop diseases in organic farming managed with CBACs, there
are diseases caused by oomycetes such as downy mildew of
grapevine (Dagostin et al. 2011; Tamm et al. 2015) and late
blight of potato (Ghorbani et al. 2004; Finckh et al. 2006;
Speiser et al. 2006; Finckh et al. 2015). However, other foliar
diseases which are difficult to manage without fungicides also
benefit from the use of CBACs including apple scab (Holb
and Heijne 2001; Holb et al. 2003), and various coffee dis-
eases (Hindorf et al. 2015; Souza et al. 2015). CBACs are
important, even in conventional agriculture due to their low
costs and are an alternative product when registered fungi-
cides are banned due to their negative effects on human health
and biodiversity. This is especially the case for minor crops in
which a number of previously registered pesticides are no
longer available (Lamichhane et al. 2015).

Unlike a wide range of fungicides available to manage crop
diseases caused by plant pathogenic fungi, there are only a few
bactericides available to protect crops. Consequently, often
CBACs are the only means available for growers both in con-
ventional and organic farming to manage diseases caused by
plant pathogenic bacteria both of annual and perennial crops
including tomato spot (Jones et al. 1991; Roberts et al. 2008),
citrus canker (Behlau et al. 2010; Behlau et al. 2017), fire
blight of pome fruits (Elkins et al. 2015), walnut blight (Lee
et al. 1993; Ninot et al. 2002), stone fruit canker (Olson and
Jones 1985; Wimalajeewa et al. 1991; Sayler and Kirkpatrick
2003), mango apical necrosis (Cazorla et al. 2006), and olive
knot (Teviotdale and Krueger 2004). Exceptions are fire blight
of pome fruits and bacterial canker of kiwifruit, for which a
large number of biological control agents are available
(Vanneste 2011; Vanneste 2013).

Table 1 Most commonly used antimicrobial copper compounds for
foliar disease management caused by plant pathogenic bacteria, fungi,
and oomycetes

Name of active ingredienta Chemical formula CAS number

Basic copper sulfate CuSO43Cu(OH)2 1344-73-6

Basic copper carbonate CuCO3Cu(OH)2 12069-69-1

Copper chloride CuCl2 7447-39-4

Copper hydroxide Cu(OH)2 20427-59-2

Copper oxide Cu2O 1317-38-0

Copper oxychloride 3Cu(OH)2CuCl2 1332-40-7

Copper oxychloride sulfate (Cu4(OH)6(SO4)) 8012-69-9

Copper sulfate pentahydrate2 CuSO45H2O 7758-99-8

a Active ingredients contained in copper-based antimicrobials and their
commercial name may widely vary from one country to another
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DIFFERENCE ON RESIDUES DEPENDING ON COPPER FORM



B.B. industrial B.B. extemporaneous

Cabernet Sauvignon 24.1 9.2
Entre-deux-Mers

Cabernet Sauvignon 17.9 5.3
Margaux

Merlot 9 8.3
Pomerol

Sauvignon blanc 8.4 5
Entre-deux-Mers

Copper residues (mg/L)

2 copper sprayings (3000 g/ha)

Copper spraying depending on the type of fungicide



Type of vinification and transfert of pesticide residues
Grape wine
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Strategies for limiting grape fungicide residues

- Cleaning grape bunches : not much efficient with water/ acidified water…

- Adsorption of grape residues from musts/wines

- Vegetal micronized fibers (50 à 95 % residues removal, in particular
- anti-botrytis ones)

- Zeolithes

• Crystalline aluminosilicates of natural origin or synthesized
from silica and aluminium (synthetic zeolites). 

• Development of regular-sized pores in the microporous range 
(< 2 nm). 




