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Grape skin components

• 43 bunches per cultivar 
were monitored 
individually.

• Anthocyanin 
accumulation was 
followed for PM and PN 
cultivars (fig. 3c).

• PM was in advance 
compared to PN in 2008 
like in 2007. The PM 
precocity is confirmed in 
Champagne.

• Chlorophyll decreased 
in parallel for the 3 
cultivars.

• Flavonols remain rather 
stable in CH.

Multiplex indices

• Impact of anthocyanin 
accumulation on FLAV 
index for PM and PN:
high anthocyanin 
concentration leads to 
FLAV index decrease.

• Better sensitivity of 
ANTH in comparison to 
FERARI for 
anthocyanin content 
through veraison.
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Non-destructive monitoring of the kinetics of phenolic maturation 
in three Champagne grape cultivars

In 2008 the study was conducted on the experimental plot of Fort Chabrol in Épernay
(France), from August 12th (DOY 225) to October 10th (DOY 284), on 43 marked 
bunches for each cultivar (PM, PN, CH). 
Non-destructive monitoring was performed on the same bunches throughout  the 
season by the Multiplex (fig. 1a). This measuring device is a hand-held multi-
parametric fluorescence sensor with 4 light sources (excitation LED) and 3 photodiodes 
for detecting fluorescence emission (fig. 1b). 
Multiplex provides 4 indices of interest for viticulture: FLAV (flavonol content), 
ANTH & FERARI (anthocyanin content) and SFR (chlorophyll content) (fig. 1c). 
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Figure 3: Time course of phenolics (a, c, 
d) and chlorophyll (b) contents changes
for CH, PM and PN bunches. Average of 43 
bunches per variety. Error bars: 95 % 
confidence interval. (e) Weather data
(Epernay weather station, France): Daily 
rainfall (mm) and daily temperature (°C) 
(left scale); global daily irradiance
(MJ/m².day) (right scale).

Introduction
Premium wine production requires grapes of the highest quality, so an accurate assessment of grape maturity and the determination of the harvest date are 
essential. Grapevine maturity, technological and phenolic, depends strongly on climate and terroir1. Therefore, it is important to understand their influence on 
maturation kinetics. The maturation kinetics of the three cultivars of grapevine typical of the Champagne region, Pinot Noir (PN), Pinot Meunier (PM) and 
Chardonnay (CH), were monitored in 20072 and 2008 in Épernay - France. A new portable sensor, Multiplex® (Force-A, Orsay, France), based on the 
fluorescence screening method was used3,4. It allowed us to follow the same bunches throughout the season, from pré-veraison to post-harvest, and assess non-
destructively the changes in anthocyanin, flavonol and chlorophyll grape skin contents. The influence of light exposure and position on the vine could therefore
be studied under naturally changing environmental conditions. In parallel, miscellaneous data like meteorological data, sugar content, titratable acidity were also
collected from the same plot.

Figure 5: Influence of light 
exposure on the anthocyanin 
content. Four selected vines of PM 
with six marked bunches for each 
one. One vine (PM exposed – 6 
bunches) had leaves removed from 
the bunches. The other 3 vines (17 
bunches) remained untouched. Error 
bars: 95% confidence interval.

Figure 4: Influence of cane position on 
anthocyanin content.Eight selected vines, 4 
PM and 4 PN. Six bunches followed per vine, 
2 on the first cane, 2 on the middle cane and 2 
on the last cane of the vine. Each cane 
position is represented by the average of all 
the bunches marked on this localisation. Error 
bars: 95% confidence interval.

Figure 6: Influence of light 
exposure on flavonol content.27 
of the 43 CH marked bunches were 
exposed to direct solar radiation 
(CH exposed) whereas the 16 
others were partially or completely 
shaded by the canopy. The daily 
irradiance data were smoothed and 
plotted along FLAV.

Figure 7: Influence of mean 
temperature on chlorophyll 
content. Chlorophyll content 
decrease was represented by the 
average of the 43 marked bunches 
per variety. The daily temperature 
data were smoothed and plotted 
along SFR.

Non-destructive monitoring of grape maturation

Figure 2: Wet Chemistry (CIVC, 
Epernay, France). Sample of bunches (1,5-
2 kg) collected by the CIVC. Sugar 
content and Total Acidity measured 
respectively by densitometry and pH-
titration. 

Climate influences on phenolic and chlorophyll contents

Figure 1: (a) The sensor. (b) Optical design: 9 excitation LED (6 UV, 3 RBG for blue, green and red excitations) and 3 
photodiodes for the emitted fluorescence in the yellow, red and far red ranges. (c) Multiplex indices used in viticulture.

Cane position

• No significant difference 
for grape ripening along the 
cordon. But the last canes 
tend to be late in comparison 
to the other canes.

Irradiance & Temperature

• Exposed bunches to direct 
solar radiation grow under 
higher temperature than 
shaded bunches. It leads to 
higher anthocyanin content 
at harvest (fig. 5).

• Flavonol content depends 
on light exposure. Exposed 
bunches show higher 
flavonol content than the 
shaded one. Moreover solar 
radiation increase induce 
flavonol accumulation even 
before harvest period.
• The kinetics of chlorophyll 
decrease seems to be 
correlated to temperature 
variation.

Excitation Emission (nm)
UV YF : yellow 590

Blue (B) RF : red 685
Green (G) FRF : far-red 735
Red (R)

The Multiplex allowed us to follow grape maturation at the single bunch level. This revealed a large heterogeneity in maturation of individual bunches, and 
confirmed the influence of the microclimate at the bunch level.
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Mx Indices Physiology
SFR Chlorophyll

FLAV Flavonol 
ANTH Anthocyanin

FERARI Anthocyanin

excitation ratio
emission ratio

Type

log (5000 / FRF_R)
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