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Abstract : Vines from Muscat of Alexandria cultivar were subjected to flusilazole treatments, a sterol biosynthe-
sis inhibitor fungicide (SBI), over 2 years. Effects of these treatments on the corresponding wines were assessed
by analyzing the free and bound aroma fractions using selective retention on Amberlite XAD-2 and gas chroma-
tography-mass spectrometry. Quantitative changes in the composition of the free and bound fractions of the trea-
ted wines were observed. Levels of varietal, prefermentative and fermentative compounds were modified and a
regulatory mechanism for sterol synthesis in yeast involving the monoterpenes could be hypothesized.

Résumé : Des vignes de Muscat d'Alexandrie ont subi des traitements de flusilazole, un fongicide inhibiteur de
la biosynthese des stérol (IBS), pendant 2 ans. Systémique, trés efficace contre I’ Oidium et le Black-rot, ce fongi-
cide est couramment utilisé sur vigne. Son mode d’action primaire est de bloquer les enzymes a cytochrome
P450 impliquées dans la voie de biosynthése de I’ergostérol chez les champignons parasites (la Cl14o: lanostérol
déméthylase, la A22 désaturase). Toutefois, il peut également inhiber les voies de biosynthese des phytostérols ct
des gibbérellines ce qui peut arréter la croissance des plantes traitées. Afin de vérifier les effets de tels traitements
sur la composante aromatique des vins correspondants, les composés libres et liés des vins traités ont été extraits et
séparés sur Amberlite XAD-2 et analysés par chromatographie en phase gazeuse couplée a la spectrométrie de
masse. Des modifications dans la composition des fractions libres et liées ont été observées. Les concentrations
en arbmes variétaux, fermentaires et préfermentaires ont été modifiées et un mécanisme de régulation pour la
synthése des stérols dans la levure mettant en jeu les monoterpénes peut étre envisagé.
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INTRODUCTION

Triazole derivative flusilazole, [bis(4-fluorophe-
nyl)methyl(1H-1,2,4-triazol-1-ylmethyl)silane], belon-
ging to the azole class of sterol biosynthesis inhibitors
(SBI), is commonly used on vines to combat fungal
diseases, e.g. rust and powdery mildew. SBI exert their
fungitoxic effects primarily by inhibiting the C 14
a-lanosterol demethylase as well as A22 desaturase
which are cytochrome P450 dependent enzymes invol-
ved in sterol biosynthesis (LEROUX, 1981, 1987a and
1987b ; SCHEINPFLUG and KUCK, 1987). In fungi
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treated there is a marked accumulation of 14 o-methyl-
sterol, such as obtusifoliol, and a decline of the usual
sterols, e.g. ergosterol. The effect is postulated to des-
tabilize the membrane function and leads to cell death
(BUCHENAUER, 1987). However, triazole deriva-
tives can also inhibit the biosynthesis of phytosterols
and gibberelines, which can stop the growth of treated
plants (BUCHENAUER and ROHNER 1981 ; NES
etal., 1982 ; KOLLER, 1987).

In a previously work, we have reported the effects
of flusilazole and triforine treatments on the aroma
of Vitis vinifera L. grape, cv. Muscat of Alexandria,
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(AUBERT et al., 1997). In this present study, we only
reported the influence of flusilazole on the aroma of
wines derived from treated grapes.

MATERIALS AND METHODS

I —REAGENTS AND CHEMICALS

Analytical grade solvents were further purified by
distillation before use. Amberlite XAD-2 resin from
Fluka was purified before use (GUNATA et al., 1985).
Enzymatic preparations, Pektolase 3PA and
Hemicellulase REG2, were purchased from Grinsted
and Gist Brocades respectively. Flusilazole [bis(4-fluo-
rophenyl)methyl(1H-1,2,4-triazol- 1-ylmethyl) silane]
was provided by DuPont de Nemours : the 100 g/l
commercial formulation was used (Olymp 10 EW).

I — PLANT MATERIALS AND TREATMENTS

Grapes of the Vitis vinifera L., cultivar Muscat of
Alexandria, were harvested, in September 1995 and
1996, from the vineyard of Villeroy-Listel, Sete, France.
Flusilazole treatments were as previously described
(AUBERT et al., 1997).

III — WINE PROCESSING

Wines were made by standard wine processing in
inert tanks using the following techniques : De-stem-
ming and crushing ; addition of SO, (5 g/hl) and skin
contact during 4 hours at room temperature ; pres-
sing the grapes, addition of 20 g/hl dry yeast

(Saccharomyces  cerevisae, KI, ICV-INRA,
Montpellier, France), fermentation at 24-25°C for
8 days. The wines were stored for one month (18-20°C)
in glass until analysis.

VI— ANALYSIS OF WINES
1) Chemical analysis

Each wine was analyzed for density, sugar, pH and
ethanol using standard procedures (table I).

2) Flusilazole residue analysis of musts and wines

50 ml of samples were transferred into a 500 ml
separatory funnel, 250 ml of distilled water and 50 ml
of a saturated solution of sodium chloride were added,
and the medium was extracted with 3x50 ml of
hexane/diethyl ether (50:50 v/v). The collected orga-
nic phases were dried over anhydrous sodium sulfate
and evaporated to dryness under vacuum. The residue
was dissolved in 2 ml of ethyl acetate and 10 pl of tebu-
conazole (200 ug/ml) was added as internal standard.
Analysis was carried out by GC and all experiments
were performed in triplicate (table 1).

3) Fractionation of the free and bound fractions
of the aroma

Fractionation of the free and bound fractions of the
aroma of wines was carried out on Amberlite XAD-
2 resin according to the method of GUNATA et al.
(1985), modified by VOIRIN et al. (1992). 10 pl of
4-nonanol (3.2 mg/ml in ethanol) was added as inter-

TABLE I

Chemical and flusilazole residue analysis of musts and wines?

Tableau I — Analyses chimiques et de résidus de flusilazole dans les moiits et les vins

1995 1996
control flusi-3 flusi-6 control flusi-3 flusi-6

Musts
Density (20°C) 1,079 1,076 1,079 1,071 1,076 1,068
Sugar (g.I') 205 200 194 168 162 156
pH (20°C) 391 3,94 3,85 3,59 3,95 3,63
Flusilazole residue (ppb) —_ < 0,005 0,018 — ndb 0,01

Wines
Ethanol (%) 12,30 11,98 11,22 10,00 9,58 9,15
Ethanol (%) calculated® 12,00 11,64 9,65 9,29
Sugar (g.I') <2 <2 <2 <2 <2 <2
pH (20°C) 3,66 3,64 3,59 334 3,55 3,33
Flusilazole residue (ppb) nd nd nd nd

flusi-3 : three applications each 4 weeks ; flusi-6 : six applications each 2 weeks - bnot detected
¢calculated from the sugar concentration of each must and reduced to the control

flusi-3 : trois applications toutes les 4 semaines ; flusi-6 : six applications toutes les 2 semaines - Pnon détecté
Ccalculé a partir de la concentration en sucre de chaque moft et ramené au témoin
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nal standard to 50 ml of wine samples before fractio-
nation (each wine was diluted 5 times in distilled water).
These samples were passed through a XAD-2 column
at a flow-rate of about 1-1.5 ml/min. The column was
rinsed by 50 ml of distilled water. The free fraction was
eluted with 50 ml of pentane-dichloromethane (2:1 v/v).
The pentane-dichloromethane extract was dried over
anhydrous sodium sulfate and concentrated at 40°C
using a Vigreux column to a final volume of about
400 pl. The organic extract was stored at -20°C before
GC and GC-MS analyses.

The bound fraction was eluted with 50 ml of ethyl
acetate. The ethyl acetate extract was dried over anhy-
drous sodium sulfate and concentrated to 1 ml under
vacuum at 40°C. The extract was then transferred to
a small vial and concentrated to dryness (50-55°C)
under a stream of nitrogen.

4) Enzymatic hydrolysis of bound fraction

100 pl citrate-phosphate buffer (0.1 M, pH 5.0) was
added to the above glycosidic extract. The mixture was
washed 5 times using 100 pl pentane-dichloromethane
(2:1 v/v), then 100 pl of the enzymatic solution (12 mg
Pektolase 3PA and 12 mg Hemicellulase REG2 in | ml
citrate-phosphate buffer, 0.1 M, pH 5.0) was added to
the extract. After stirring, the vial was sealed and pla-
ced in a water-bath at 40°C for 16 h. The mixture was
then extracted 5 times with 100 ul pentane-dichloro-
methane (2:1 v/v). After addition of 10 pl 4-nonanol
(3.2 mg/ml in ethanol), as internal standard, the medium
was concentrated to a final volume of 200 ul by a
Vigreux column (40°C). The organic extract was sto-
red at -20°C before GC and GC-MS analyses.

All experiments were performed in triplicate.

5) Gas Chromatography and Gas Chromatography-
Mass Spectrometry analysis

Chromatographic conditions for the analysis of the
free and bound fractions were as previously described
(AUBERT ez al., 1997).

Chromatographic conditions for the analysis of resi-
dues were as followed : a Hewlett-Packard 5890
Series II gas chromatograph fitted with a DB-1 fused
silica capillary column (J&W SCIENTIFIC ; 30 m x
0.32mm i.d. ;0.5 um film thickness) and a NPD detec-
tor was used. The operating conditions were as follo-
wed : the injector temperature program was set at 105°C
t0 250°C at 150°C/min, then isothermal for S min. The
oven temperature program was set at 100°C to 250°C
at 20°C/min, then isothermal for 5 min. The detector
temperature was held at 300°C. The nitrogen carrier
gas flow rate was 1.5 ml/min and 1 pl injections were
performed on-column.

-59 -

J. Int. Sci. Vigne Vin, 1997, 31, n°2, 57-64

RESULTS AND DISCUSSION

Flusilazole, a sterol biosynthesis inhibitor fungi-
cide, was used on grapes of Muscat of Alexandria, well
known for its intense floral aroma and its ability to give
such wines. Two treatment levels were used for flusi-
lazole in 1995 and 1996. The first involved one appli-
cation every 4 weeks for 12 weeks (3 applications).
The second involved one application every 2 weeks for
12 weeks (6 applications). The wines were made from
sound grapes, harvested from the treated vines 2 weeks
after the last spraying and from the control vines
(AUBERT et al., 1997). The eftects of these applica-
tions were assessed by analyzing the free and bound
aroma constituents of the wines in triplicate with inter-
nal standard, and the relative data were considered :
the levels and the standard deviations obtained are repor-
ted in tables II and III. Variance analysis were perfor-
med between the control and each treated sample : the
values underlined were significantly different to that
of the control (p<0.05).

As previously described, no significant effect on
the berry weight was observed with flusilazole treat-
ments, however a slight decrease in sugar content was
observed in the treated samples (AUBERT ez al., 1997).
Accordingly, chemical analysis of the wines displayed
a decrease in ethanol content in the samples treated
(table I), in agreement with the results previously repor-
ted by DOIGNON and COUTY (1992). However these
decreases in ethanol content were higher for 6 appli-
cations of flusilazole, than what would be expected
from the sugar content of the grapes analyzed. As in
all the samples the residual sugar content were lower
than 2 g/, this was indicative of an effect of SBI on the
sugar metabolism of yeast during fermentation.

In every experiment, flusilazole residues in musts
were either not detected or lower than 0.02 ppm (table I).
No delay time in fermentation were observed in our
experiments which was consistent with the results pre-
viously reported by DOIGNON (1991), who found no
delay time in the fermentation of a synthetic medium
below 0.05 ppm of flusilazole. In each experiment, no
flusilazole residue was found in wines (table I).

I — INFLUENCE OF FLUSILAZOLE ON
THE FREE FRACTION OF MUSCAT OF
ALEXANDRIA WINES (Table II)

The flusilazole treatments led to a decrease in the
total amount of free C6 compounds in wines. The
decrease was most marked on the samples subjected
to highest application rates. Among the C6 compounds,
the highest decrease occurred for hexanol. DOIGNON
and COUTY (1992) had already observed a decrease
of hexanol in wines made from Semillon grapes trea-
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ted with flusilazole. The only discrepancy was seen in
1996 with (Z and E) 3-hexen-1-ol after 3 applications.
In an earlier study, we had also reported that the use of
SBI on vine decreased the levels of the C6 compounds
formed when crushing the grapes treated, and postu-
lated that SBI treatments could affect the enzyme invol-
ved at some stage of the lipid degradation leading to
C6-compounds (AUBERT et al., 1997). As the only
effect of yeast on the formation of these C6 compounds
is to reduce the ones at a higher oxidation state than
hexanol in hexanol and/or hexenols, it is consistent to
find the similar result in wines (JOSLIN and OUGH,
1978).

In 1995 and 1996, the total amount of free alcohols
were significantly higher in wines derived from trea-
ted grapes. This was mainly due to the levels of the
most abundant ones, 2-phenylethanol and 2- and
3-methylbutanols. These results were consistent with
those previously reported in wines made from grapes
treated with flusilazole (Semillon and Sauvignon cul-
tivars) (DOIGNON and COUTY, 1992). However,
some discrepancies were observed for 2-phenyletha-
nol for 6 applications in 1995 and for 2-methylpropa-
nol for both applications in 1996.

The fusel alcohols, 2-methylpropanol, 2- and
3-methylbutanol and 2-phenylethanol, are mainly pro-
duced during fermentation by yeast through the cata-
bolism and the anabolism (from sugar) of the
corresponding amino acids (ETIEVANT, 1991 ;
NYKANEN and SUOMALAINEN, 1983). Thus,
contrary to the other minor alcohols (1-pentanol, ben-
zyl alcohol), their concentration increased greatly from
grapes to the corresponding wines. Since the same
results had been observed in the fermentation of a
synthetic medium added with flusilazole
(DOIGNON, 1991), one can conclude that SBI treat-
ments influence the formation of alcohols during fer-
mentation essentially by a direct action on the
metabolism pathways of yeast. Furthermore, as SBI
treatments of vines modify the composition of grape,
i.e. the fermentation medium (AUBERT ez al., 1997,
HOUTMAN et al., 1980), an indirect action can also
be hypothesized. However, no coherent effect of flu-
silazole on the levels of the esters formed by yeast,
except for the free 2-phenylethyl acetate, was obser-
ved in our experiments, contrary to their decrease pre-
viously reported by DOIGNON (1991) (cv. Ugni-blanc,
Sauvignon and Sémillon).

In both experiments, the total amount of free mono-
terpenols decreased significantly in wines made from
treated grapes. Similar results have been obtained on
the wines of non-monoterpenol dependent cultivars
(DOIGNON and COUTY, 1992). However the data
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given here demonstrated more clearly the effects of flu-
silazole treatments on monoterpenols, due to the abun-
dance of these compounds in Muscat wines. These
effects were more important in 1996 than in 1995, but
some discrepancies with this global behavior were
observed. The typical compounds of muscat wine fla-
vor, linalol, geraniol and nerol (BAYONOVE and
CORDONNIER, 1971 ; CORDONNIER, 1973,
BOIDRON and TORRES, 1979) were significantly
lower in the assays than in the controls. Nevertheless,
for both experiments, the decrease of the level of gera-
niol was generally more important (about 40 p. cent at
the highest application rate) than those of the levels of
linalol or nerol. We reported previously (AUBERT et
al., 1997) that such treatments on vines (cv. Muscat of
Alexandria) decreased the levels of free monoterpe-
nols in grape berries, but these effects were sharper
in wines.

II — INFLUENCE OF FLUSILAZOLE ON THE
BOUND FRACTION OF MUSCAT OF
ALEXANDRIA WINES (Table III)

In 1995 and 1996, the levels of the bound C6-alco-
hols decreased in wines made from treated grapes.
Regarding the relatively low levels of these bound com-
pounds in wines compared to the free ones, these varia-
tions seemed negligible. Nevertheless, they were the
reverse to what had been observed in grapes treated
with flusilazole (AUBERT et al., 1997).

In both experiments, the total amount of bound
monoterpenols decreased significantly with increased
applications of flusilazole. The decrease of these com-
pounds could not be explained by their hydrolysis, as
the corresponding free monoterpenols showed the same
behavior. These results contrasted with those we repor-
ted on grapes in which such treatment increased the
levels of bound monoterpenols (AUBERT et al., 1997).
Particularly, the typical compounds of Muscat aroma,
geraniol, linalool and nerol, were significantly lower
in the wines made from treated grapes than in the
control, while the sum of their levels was about 1.2-1.4
times higher in treated grapes than in the control grapes
(figure 1) (AUBERT et al., 1997). A similar trend was
observed for benzyl alcohol and 2-phenylethanol. Thus
the decreasing effects observed during wine making
of the treated grapes were more important than shown
when comparing only the treated and the control wines.
To our best knowledge, it is the first time that such
results have been observed.

Finally, the only coherent effect of flusilazole on
the levels of bound phenol and C13-norisoprenoids
was a decrease of the levels of the last ones in 1996
(significant with 6 applications), but some discrepan-
cies with this effect were observed in 1995.
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Fig. 1 — Influence of flusilazole on the sum of bound typical compounds of Muscat aroma
(linalool + geraniol + nerol) in grapes and wines in 1995 and 1996 experiments
Note : flusi-3 : three applications each 4 weeks ; flusi-6 : six applications each 2 weeks

Fig. 1 — Influence du flusilazole sur la somme des composés liés caractéristiques de I'arome Muscat
(linalol + géraniol + nérol) dans les baies et les vins lors des campagnes 1995 et 1996
Note : flusi-3 : trois applications toutes les 4 semaines ; flusi-6 : six applications toutes les 2 semaines

CONCLUSION

In an earlier study, we had reported that SBI treat-
ments modified the biosynthesis of aroma compounds
in grapes (AUBERT et al., 1997). This study clearly
showed that flusilazole treatments of vine also decrea-
sed the levels of prefermentative C6 compounds and
fermentative volatile compounds, such as 2-phenyle-
thanol and 2- and 3-methylbutanol, in wines. A simi-
lar decrease of C6 compounds was observed in grapes
treated with flusilazole (AUBERT et al., 1997), and
these results strongly suggested that flusilazole treat-
ments could affect the enzyme involved at some stage
of the lipid degradation leading to C6 compounds.
As regards ethanol and fusel alcohols, a direct action
of flusilazole treatments on the metabolism pathways
of yeast involved in the formation of these alcohols
could be hypothesized. Nevertheless, as SBI treatments
of vines modified the composition of grape (AUBERT
etal., 1997), i.e. the fermentation medium, an indirect
action could not be discarded. Furthermore, a decrease
of the levels of the free and bound monoterpenols was
observed in the wines treated suggesting that flusila-
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zole induced some modification of the yeast metabo-
lism involving these free and bound compounds.
Indeed, PAISARNRAT (1985) studied the catabolism
pathways of 1-3H geraniol in muscat cells cultivated
in vitro, and concluded that geraniol was partially used
in the biosynthesis of sterols. On the other hand, a recent
work showed that the ergosterol content of S. cerevi-
sae decreased when the fermentation medium contai-
ned flusilazole (DOIGNON, 1991). Therefore it seemed
plausible that in the presence of this SBI, a regulatory
mechanism for sterol synthesis in yeast could involve
the free and bound monoterpenes.
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