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OPTIMIZATION OF MUST COMPOSITION

SUGAR? COLOR?

ACIDITY?

WHEN I NEED TO PICK TO MAKE THE WINE I WANT?

ASTRINGENCY?

HOW CAN WE ASSES RIPENING?
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TYPICAL GRAPE DEVELOPMENT

Coombe and McCarthy 2000



Phenolics in grape berry
• Properties

• Color
• Co-pigmentation
• Astringency (tactile)
• Bitterness (taste)

• Health-promoting effects
• Important antioxidant capacity



Martínez-Lüscher et al., 2019



Martínez-Lüscher et al., 2014 Plant and Cell Physiology

0 kJ m-2 d-1

6.0 kJ m-2 d-1

9.7 kJ m-2 d-1

UV-B shapes flavonoid profile
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Abbreviations: F3’H: flavonoid 3’-hydroxylase; F3’5’H: flavonoid 3’5’-hydroxylase; FLS: flavonol synthase; DFR: dihydroflavonol reductase; LDOX: 
leucocyanidin dioxygenase; UFGT: UDP-glucose flavonoid 3-O-glucosyltransferase; OMT: O-methyltransferase
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Impact of flavonols on wine mouthfeel

Ferrer-Gallego et al., 2016



Proanthocyanidins
Important due to their astringent properties
Role in long term color stability
Grape based proanthocyanidins

• (+)-catechin (C)
• (-)-epicatechin (EC)
• (-)-epicatechin-3-O-gallate (ECG)
• (-)-epigallocatechin (EGC)

Skin vs. seed proanthocyanidins
• Skins contain EGC
• Greater degree of polymerization
• Lower proportion of galloylated subunits

28/10/2010
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EXPOSURE TO SOLAR RADIATION IS NOT NECESSARY 
TO REACH MAXIMUM SKIN ANTHOCYANINS

Decay Kinetic Optimum

Martínez-Lüscher et al., 2019
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RIPENING STAGE AND COLOR

Region IV Monastrell (syn. Mourvèdre)

Bautista-Ortin et al. 2013
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RIPENING STAGE AND WINEMAKING

Bindon et al. 2013

Region IV Cabernet



10/28/2017 Bindon et al. 2013

OVERRIPE BERRIES HAVE LESS PENALIZATION
BALANCED WINES WERE THE MOST LIKED, FROM 23°BX (13.5% ALC) BERRIES  

RIPENING STAGE AND WINEMAKING



WHAT IS THE OPTIMAL MATURITY?

Is up to you!

10/28/2018
Bisson, 2001
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THE QUEST OF THE PERFECT MATURITY STAGE
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Mean (20 , 28) = 24°Brix

10/28/2020

Mean (    ,    ) = ?

WINE IS THE RESULT OF THE COMBINATION ALL GRAPES 

COMBINING TWO BAD THINGS RARELY MAKES A GOOD ONE!
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THE QUEST OF THE PERFECT MATURITY STAGE
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ROLE OF SEED-TO-BERRY RATIO ON RIPENING 
ASYNCHRONY

Gouthu and Deluc 2015



LEVELS OF VARIABILITY
BETWEEN PLOTS  - WITHIN A PLOT - WITHIN A PLANT - WITHIN A CLUSTER

TSS

Logistic problem



VARIABILITY “BETWEEN PLOTS”

CAUSES:
- GENETIC: DIFF CLONES OR VARIETIES
- MICROCLIMATE
- SOIL
- TERRAIN
- CULTURAL PRACTICES
- …

MANAGEMENT:
- HARVEST SCHEDULING



CAUSES:
- DIFFERENT CLONES
- SOIL
- MICROCLIMATE
- TERRAIN
- DISEASES

MANAGEMENT:
- DIFFERENTIAL HARVEST... BUT

- Several passes
- Only for continuous patterns
- Requires certain knowledge of each plot
- strawberry picking approach not possible

- INDIVIDUAL VARIABLE MANAGEMENT
- Requires great knowledge of the field structure (if 

any)
- STANDARDIZATION

- May mean give up on some yield for no reason (Shoot or fruit 
thinning)

VARIABILITY “WITHIN PLOT”
TSS

Blanco-Ulate et al. 2016



VARIABILITY “WITHIN PLANT”

CAUSES:
- DISEASES
- LOW LEAF-TO-FRUIT RATIO
- SUN EXPOSURE/ORIENTATION

MANAGEMENT:
- INDIVIDUAL VARIABLE MANAGEMENT

- Requires great knowledge of the field structure (if 
any)

- STANDARDIZATION (L:F ADJUSTMENTS)
- May mean give up on some yield for no reason (Shoot or fruit 

thinning)

- BERRY SELECTION IN THE CELLAR
- TEND TO OVERRIPE (LESS PENALIZATION)

Spayd et al. 2002



VARIABILITY “WITHIN CLUSTER”

CAUSES:
- DISEASES
- LOW LEAF-TO-FRUIT RATIO
- SUN EXPOSURE
- UNEVEN FRUIT SET

MANAGEMENT:
- DIFFERENTIAL HARVEST... BUT

- Several passes
- Only for continuous patterns
- Requires certain knowledge of each plot

- INDIVIDUAL VARIABLE MANAGEMENT
- Requires great knowledge of the field structure (if 

any)
- STANDARDIZATION (L:F ADJUSTMENTS)

- May mean give up on some yield for no reason (Shoot or fruit 
thinning)



29
Azorin et al. (2012); Kliewer and Dokoozlian (2005) AJEV

ROLE OF CARBON FIXATION IN BERRY RIPENING

Carbon fixation rate



Delayed ripening
- Higher acidity
- Higher color density
- Over cropping risk managed by trimming 

10/28/2030

CONTROL OF RIPENING: MINIMAL PRUNING
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Elevated CO2 can double photosynthesis 

Martínez-Lüscher et al. 2016 Plant Science
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0 kJ m-2 d-1

5.98 kJ m-2 d-1

9.66 kJ m-2 d-1

24/14°C
-am

bient C
O2

28/18°C
-700ppmCO2

Stage

Fruit set+1d Fruit set+10d Veraison Maturity

A
ne

t (
µ m

ol
 m

-2
 s

-1
)

5

10

15

20

P(UV-B)
P(CC)
P(UV-BxCC)

*
**

n.s.

n.s.
**

n.s.

**
**

n.s.

**
**

n.s.

13

Faster berry development associated to higher carbon fixation
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FASTER RIPENING LED TO LOWER 
ANTHOYCANIN CONCENTRATION

Martínez-Lüscher et al., 2015 AJGWR



IS THERE ANY DISADVANTAGE OF 
RIPENING TOO FAST?

10/28/2035



Shift towards positioned and sprawling systems

10/28/2036

The UCDavis30 Trellis



Experiment 1: Colored Shade Net Trial

• Control: Uncovered

• 20% shading factor – White

• 40% Shading factor - Black

• 40% Shading factor – Blue

• 40% Shading factor - Aluminet

n=4 (3 vines per rep)
Cabernet Sauvignon on VSP

Oakville (Napa)
NE to SW row orientation



Results
• Blue nets with 40% 

shading factor 
exhibited preferential 
exclusion. 

• Other nets were fairly 
consistent in shading 
across the spectrum.

• Black nets had the 
greatest exclusion of 
solar radiation in the 
fruit zone

Period of direct 
solar radiation 
exposure

Period of direct 
solar radiation 
exposure

Peak content 
control &
Black-40

Degradation rate of 
control > than under 
Black-40 

Less accumulation of flavonols in 
Black-40 than control, but less 
rapid degradation as well.

Hydroxylation profile of anthocyanins 
and flavonols of berries under Black-40 
shade nets had higher, relative 3’4’5’OH
substituents.

Comes down to stability of tri-
hydroxylated flavonoids, preventing 
rapid degradation; modulated by partial 
shading.

Black-40 
decreased 
pH and 
increased TA 
at harvest
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Tot. Anth : 13.2 mg g-1

Cy: 9 %
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Tot. Anth: 16.2 mg g-1

Cy: 21 %
Dp: 79 %
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Tot. Anth : 14.85 mg g-1

Cy: 10%
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Anthocyanin profile hydroxylation under higher light and water 
deficit

Tot. Anth : 13.6 mg g-1

Cy: 17 %
Dp: 83 %



Partial solar radiation exclusion
Uncovered Black 40%

Yield (kg/vine) No influence No influence

Berry mass (g) No influence No influence
Berry temperature

TSS (Brix) No influence No influence
TA (g/L)
pH

S Anthocyanins
Anthocyanin 3’4’5’ 
hydroxylase forms
S flavonols No influence No influence
Flavonol 3’4’5’ 
hydroxylase forms

Primary and secondary metabolism response to partial solar radiation 
exclusion 

Conclusions



TAKE HOME MESSAGES
- After ~23°brix, berries experience dramatic changes: better 

extraction of phenolic compounds but also degradation

- Ripening stage of berries follow a bell shape distribution. These can 
be spread, do not care only about the average!

- The impact of ripening asynchrony on wine quality deserves more 
attention

- Knowing your vineyard (research) may be the greatest asset

10/28/2041
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THANK YOU FOR LISTENING!


