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How much do we know?
• Grape chemical fingerprints are not always wine chemical fingerprints
• Grape aroma varietal and geographical identity is not easy to assess

• More clear with wine
• Sauvingon blanc a classic example

• Vinification practices can ‘disguise’ identity, or sometimes create/reveal new
idendities

• Could aging (cellar/bottle) be a driver of more defined chemical fingerprints?
• Analytically it seems easier to define relevant chemical fingerprints (eg geographical

typicality) in aged wines rahter than in young wines or grapes
• Riesling a classic example with TDN, but recent data also on Grenache (DMS), Pinot noir,

Chardonnay, Corvina wines
• Aging can also lead to less defined chemical boundaries

• Oxidative aromas developing over time
• Other taints developing over time (Brett, VA, etc)

• What about geographical identities?



Where should we start?

I will never
get anything
out of this!!!

Don’t
panic!!!

First: chose how to approach the 
problem

Advanced analy@cal approaches
(eg chromatography)

Profiling/fingerprinting

Rationalizing behaviors



Where should we start?

Advanced analy4cal approaches (eg
chromatography)

Pros: Identification and quantification of key metabolites, discovering 
new metabolites or reactions (untargeted approaches)

Cons: expensive lab equipment, skilled operators, time consuming 
data processing

Pros: Rapid analyses, relatively inexpensive equipment

Cons: sometimes difficult to associate fingerprinting features to chemical 
compounds
Data interpretation sometimes difficult (aka all samples look the same!!)

Profiling/fingerprinting
Ra4onalizing behaviors



Chemical fingerprints and varietal diversity
Phenolics
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The diversity of 
tannins in Italian

red wines

ü 109 red wine samples of 12 major Italian 
appellations

ü Vintage 2016
ü Samples straight out of tank, no contact with 

oak, no tannin addition
ü Free SO2 adjusted to 50mg/L
ü Bottled using synthetic closures with 

defined OTR



Chemical fingerprints and varietal diversity
PhenolicsUntargeted LC-MS

(data from Panagio<s Arapitsas and Fulvio 
Ma@vi at FEM)

We started with the idea of learning about tannin
composition….
…. We ended up learning things we didn’t even
think we should worry about!!



Chemical fingerprints and varietal diversity
Phenolics

MIR
(data from Andrea Versari and his team at

UniBO)

Pretty good capacity for classification of wines



Chemical fingerprints and varietal diversity
PhenolicsLinear sweep voltammetry

(data from UniVR)

-0,15

-0,1

-0,05

0

0,05

0,1

0,15

0 200 400 600 800 1000 1200

Nerello Mascalese

Nebbiolo

c

mV

Capacity to discriminate varietal fingerprints high in consideration of cost
and ease of use
Difficult to associate with chemical composition



Chemical fingerprints and varietal diversity
Rationalizing behaviors
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Can we identify chemical fingerprints for this diversity of behaviors?
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The more Free SO2 is present, the higher the 

SO2/O2 ratio and the more SO2 is lost for a given

amount of oxygen consumed…

…but not for all wines

Chemical fingerprints and varietal diversity
Rationalizing behaviors - SO2 antioxidant efficacy



0

0,5

1

1,5

W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W13Av
g

O
2

co
ns

um
pt

io
n

ra
te

 
(m

g/
L/

da
y)

HSO3-

Quinone-SO2 
stable adducts

Other nuclophiles
(GSH, phenolics, 

amino acids)

Stable adducts
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Questions
Is the behavior of W7 and W2 due 
to their content in quinones
trapping and/or H2O2 reducing 
agents?

Are there fingerprint features that 
are characteristic of W7 and W2?

Lower SO2 loss
than expected

Higher SO2 loss
than expected

Chemical fingerprints and varietal diversity
RaJonalizing behaviors - SO2 anJoxidant efficacy
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Chemical fingerprints and varietal diversity
Ra?onalizing behaviors - SO2 an?oxidant efficacy



Province of Verona
Valpolicella wine region

Grape submitted
to post-harvest
withering for 
production of 
Amarone   

No post-harvest
withering for 
production of 
Valpolicella classico

Corvinone

Corvina

Chemical fingerprints and geographical diversity
A case study on Valpolicella wines
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compared to wines from other red
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Could explain flora attributes of
young wines

No other sepcific marker of
tobacco or minty/balsamic aroma
compounds

Young wines

Chemical fingerprints and geographical diversity
A case study on Valpolicella wines



OT= 2 µg/L

OT= 2 µg/L

Aging…

Terpenes such as linalool and
and alpha-terpineol can act as
precursors to cineoles via
undergo slow acid
rearrangements

Chemical fingerprints and geographical diversity
A case study on Valpolicella wines

OT= 20 µg/L

OT> 100 
µg/L



Cineoles in 
Australian Cabernet 
from vineyards close
to eucalypt trees
(Capone et al. JAFC 
2012, Antalick et al. 
JAFC 2015)

Cineoles in Bordeaux reds from 
vineyards with Artemisia 
verlotiorum
(Poitou et al JAFC 2017) 

Cineoles in aged Valpolicella 
reds from terpenols
rearrangements
(Slaghenaufi e Ugliano, Frontiers in 
Chemistry 2018) 
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Cineoles and tabanones potentially able to discriminate geographical identity at 
the level of single vineyard wines. 
Trends consistent across 3 consecutive vintages.

Chemical fingerprints and geographical diversity
A case study on Valpolicella wines
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Chemical fingerprints and geographical diversity
A case study on Valpolicella wines
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Chemical fingerprints and geographical diversity
A case study on Valpolicella wines

AREA 1
AREA 2

Grape YAN, in particular FAN, seems 
to be one important point of 
connection between grape 

composition and wine chemical 
fingerprint in realtion to grape origin



Free + glycosilated grape 
volatiles do not 
discriminate according to 
geography

Free + glycosilated
wine volatiles do 
discriminate 
according to 
geography… to some 
extent

2. Different vineyards within a 20 ha estate

Chemical fingerprints and geographical diversity
A case study on Valpolicella wines



Can yeast strain reveal or hide aroma signature of wine
geographical identity?

CORVINONE GRAPES
2 AREAS GRAPE ORIGIN

Area 1 and Area 2
within Valpolicella

4 COMMERCIAL YEAST STRAINS + 1 NATURAL 
FERMENTATION

AWRI 796, AWRI 1503, ZINFANDEL, XPURE and a 
spontaneous fermentation

Chemical fingerprints and geographical diversity
A case study on Valpolicella wines
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Two main groups
largely based on 

grape origin.
Sense of place still
clearly detected by 

tasters.
What is the 

chemical basis?

Can yeast strain reveal or hide aroma signature of wine geographical idenDty?

Chemical fingerprints and geographical diversity
A case study on Valpolicella wines

Area 2 yeast 1



Can yeast strain reveal or hide aroma signature of wine geographical identity?
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Chemical fingerprints and geographical diversity

A case study on Valpolicella wines



Deadline for proposals
February 14th

HURRY UP!!!



Conclusion

Thank you!!

• Diversity of wine types is one of the most fascina9ng aspects of wine cuture as
well as winemaking

• Chemical fingerprints exist that can allow to characterize, inves9gate and 
classify such diversity

• Analitycally there are different approaches to different aspects of diversity
• Ul9mately we need to build workflows integra9ng sensory/behavior

classifica9on of diversity and analy9cal approaches to explain it
• Chemical markers of geographical diversity include not only grape-derived

compounds (eg terpenoids) but also fermenta9on-derived esters. The laJer
might be associated with grape YAN

I will never
get anything
out of this!!!


