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AUSTRALIAN Shiraz

e Volume, Quality & Value
2012 vintage crush 379,925 tonnes
45% of red grapes; 23% of total
value 2011 approx. $1.8b
25.8% of domestic&exports




Australian cool climate Shiraz

The Australian Wine
Research Institute

WINE REGIONS OF
AUSTRALIA
1005
©barwin
WESTERN AUSTRALIA NEW SOUTH WALES
1 Swan District 30 New England Australia
2 Perth Hills 31 Hastings River
3 Peel 32 Hunter
4  Geographe 33 Mudgee 155
5 Margaret River 34 Orange
6 Blackwood Valley 35 Cowra NORTHERN TERRITORY
7 Pemberton 36 Riverina T
8 Manjimup 37 Hilltops
9  Great Southern 38 Southern Highlands
39 Gundagai aoes |
SOUTH AUSTRALIA 40 Canberra District QUEENSLAND
10 Southern Flinders Ranges A7 Freallbarrn Eaas)
11 Clare Valley 42 Tumbarumba
12 Barossa Valley A1) [emfessie
13 Eden Vc‘”e)' WESTERN AUSTRALIA
14 Riverland VICTORIA
15 Adelaide Plains 44 Murray Darling ' =1
16 Adelaide Hills 45 Swan Hill
17 Mclaren Vale 46 Goulburn Valley e OBrisbane
18 Kangaroo lsland 47 Rutherglen 28
19 Southern Fleurieu 48 Glenrowan
20 Currency Creek 49 Beechworth
21 Langhorne Creek 50 King Valley a0es
22 Padthaway 51 Alpine Valleys i‘ o4
23 Mount Benson 52 Strathbogie Ranges S r’ Pacific Ocean
24 Wiattonbully 53 Upper Goulburn Austrllan Bight ‘ OSydney
25 Robe 54 Heathcote Adelide 4;‘
26 Coonawarra 55 Bendigo Southern Ocean VICTORIA 't g
27 Mount Gambier 5& Pyrenees : e 205
57 Macedon Ranges - A
QUEENSLAND 58 Sunbury M
28 South Burneft 59 Gmmpl’uns 500 miles Melbourne
29 Granite Belf 60 Henty Bass Strait
61 Geelong
62 Yarra Valley TASMANIA
63 Mernington Peninsula 4 o
64 Gippsland* fifobart
TASMANIA
65 Tasmania™®
*South Eastern Australia and Gippsland are zones, Tasmania is a state. WWW.WineG USh’ClIiCI .com @ 2011 Wine Australia




Black pepper aroma in Shiraz
AWRI

= A spicy, black pepper aroma is important to some key
styles of high quality Australian Shiraz




Sensory analysis ofi Shiraz grapes

Axis 2: 25.5%

Pepper
» good correlation between Pepper aroma and flavour
; ] » Pepper related to Spice,
epper - .
PP not related to Green, Sweet or Fruit, or ripeness
O » volatile compound(s), stable in grape homogenates
» differences among individual panel members
<o —ISpice fl
c=Spicy
Green Apple O Axis 1: 43.1%
. ‘ Red Berry fl
| | e —  — . — =0
@
Grassy fl Green Apple
— Red Berry
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Identification of peppery grape volatiles

Optimised extraction, purification

and enrichment
Grape or wine extract

|

injector MS detector

capillary column

GC-MS chromatogram

AWRI
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Rotundone

Mass spectrum




. (-)-Rotundone identification

» ldentity:
O confirmed with reference compound (Symrise)
1H and 13C NMR, ORD
GC-MS-0, coinjections
= Quantification:
multidimensional GC-MS & stable isotope
dilution analysis; LOQ 0.5 ng/L

» Rotundone is the principal aroma impact compound for
pepper aroma in grapes and wine.



How potent is rotundone? W

8 ng/L in water 16 ng/L in red wine

20 to 25% of the panellists were anosmic to rotundone

Wood, C.; Siebert, T. E.; Parker, M. et al. J. Agric. Food Chem. 2008, 56, 3738-3744



How potent Is Rotundone?

aroma threshold in red wine is 16 ng/L

~ 20% of panellists could not smell rotundone at the highest level tested

Number of panellists
o1

0.4 3.2 9.4 28.1 84.2 250 760 > 4000
The full story: Concentration (ng/L)



How potent Is Rotundone?

reconstitution model of Shiraz flavour

Cool climate Shiraz reconstitution model
42 volatiles; ethanol, water and tartaric acid; fructose, glucose, glycerol, succinic
acid, malic acid, lactic acid, NaCl, K,PO,, K,S,0;,

38 ng/L & 0 ng/L rotundone (aroma threshold in red wine 16 ng/L)

Overall fruit

Geranium ~_ Darkfruit

——CM RCN
—CM-R

Cooked Vegetab|e"*3-.___...___-_-__ —Chocolate

Pepper




The Australian Wine
Research Institute

A large survey of commercial wines was undertaken to guide us

Rotundone in Australian wines

We can now start to look at what influences rotundone levels
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The Australian Wine
Research Institute

Rotundone in commercially available

Shiraz wines: Duras from France

X €
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Pineau d’Auris wine

Rotundone in Duras, Graciano, Gamay &

Olivier Geffroy, IFV Sud-Ouest

The Australian Wine
Research Institute

2011 Graciano
2011 Gamay

17.5& 11.3 ng/L
14.7 & 11.9 ng/L
2011 Pineau d'Aunis 65.6 & 200.0 ng/L
2012 Duras

26 ng/L

2011 Duras microvinification at 5 levels of maturity

(rotundone ng/L)
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Where and when does rotundone @

turn up in the berry?

The Australian Wine
Research Institute

Adelaide Hills Shiraz berries during ripening
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Where and when does rotundone N
turn up in the berry? e Al e

g 1127: 24.7 ng/kg
Skin <
rotundone 2626: 49.5 ng/kg

Pulp
not detected

Seeds
not detected




Concentration of rotundone and aroma

of Australian Shiraz grapes

The Australian Wine
Research Institute

Rotundone (ng/kg)
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Rotundone extraction from berries
during winemaking

The Australian Wine
Research Institute
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Adelaide Hills Shiraz commercial fermentation 2011
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Can yeast affect rotundone levels
during fermentation?

The Australian Wine
Research Institute

Rotundone (ng/L)

Fermentationin defined juice medium 2011
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Stability and scalping of rotundone:

No obvious effects

Scalping of Rotundone by Closures
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The Australian Wine
Research Institute

Variability across the vineyard & vintages:
Shiraz/Viognier wines - Canberra District

same winery & style N
180 - other wineries o
160 -
140 -
120 -
100 -
80

60 -

20
s D0 A
0 ‘ ‘ ‘ ‘

Q

Vintage

Rotundone (ng/L)




Variability across the vineyard & vintages:
Great Southern

The Australian Wine
Research Institute

WA Great Southern Shiraz berries 2009
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Rotundone variability across a vineyard:

The Australian Wine

2012 Grampians Shiraz Rescorch Insiute

Nathan Scarlett, Mount Langi; Rob Bramley, CSIRO; Pangzhen Zhang, University of Melbourne

rotundone in grapes ‘*\ '
74 - 1081 ng/kg . f !
distinct spatial pattern ¢ < 200 ng/kg*” :11
uniform TSS, TA, colour > 7 S A, i




Summary |: rotundone - the key to
peppery aromas in Duras and Syrah wine

The Australian Wine
Research Institute

vineyard site & vintage key to rotundone in grapes & wine
significant vine-to-vine variation in uniform sites

Shiraz - viticulture & rotundone concentration:
v ripening
U clone, vigour, water stress, leaf removal & crop load
(Gerard Logan, Uni Auckland)

Duras - viticulture & rotundone concentration in wine:
v" Ripening

2012 — IFV trials (Olivier Geffroy):
v irri / elicitor / crop thinning => 29-36 ng/L
v" control => 27 ng/L
v leaf removal =>12 ng/L




Summary Il: rotundone - the key to .

peppery aromas in Duras and Syrah wine

» Limited options to lower rotundone & pepper aroma in the winery:
U yeast?

[ skin contact and cap extraction?

no effect: machine picked, crushed, de-stemmed & open fermentation s
vs hand picked & whole bunch open fermentation '

0 How can we manage our vineyards to increase or decrease rotundone in
fruit, or to reduce variability? Q,

O Why does rotundone occur in Shiraz and Duras Q

compared to other cultivars, ie role of grapevine genome?
what are the environmental factors that cause high rotundone in some
grapevines & some seasons?

U What biological function does rotundone serve?
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TThank you!




Stand by




The Australian Wine
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Concentration of rotundone and aroma
of Australian Shiraz grapes

Rotundone (ng/kg)
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Variability across the vineyard & vintages:

Shiraz wine from Great Southern, WA

The Australian Wine
Research Institute

Rotundone (ng/L)
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The Australian Wine
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Variability across the vineyard & vintages:
Great Southern

WA Great Southern Shiraz wines
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The Australian Wine
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Variability across the vineyard & vintages:
Great Southern

WA Great Southern Shiraz wines

120 -
100 -
%; 80 -
£ W 2006 - Site 1
Q
_§ 60 - ¥ 2006 - Site 2
[ -
3 40 - ™ 2006 - Site 3
o
20 - m 2007
= 2009
0 -

Zonel Zone2 Zone3 Zone4d4 Zone5 Zoneb

Vine vigour and soil property




A few facts about Syrah 7/ Shiraz
AWRI

e ancient variety
Mondeuse blanche x Dureza
Northern Rhone Valley, 100AD

e 1980s only 10.000 ha

e 140,000 ha in 2004/2005
one of world’s top six grape varieties ]
along with Merlot, Cabernet Sauvignon, Pinot N0|r
Sauvignon Blanc and Chardonnay




Rotundone Is widely found in plants
and plant products




Comparison of grape volatiles by GCMS

bundance
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The search for ‘pepper markers’:
untargeted metabolomics experiment

THE IDEA:

= compare
guantitative sensory data (n=22)

with
comprehensive volatile profiles
(entire headspace-GC-MS datasets, 12000 mass spectra/sample)

[ to look for correlations among data sets
O to identify marker substances in peppery grape samples
O to identify key peppery aroma compounds



The search for ‘pepper markers'
untargeted metabolomics experiment

Regression Coefficiants
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GC-MS data allow prediction of ‘pepper’ aroma
new biomarker - sesquiterpene ylangene

Abundance

IloNn 93.00 (B2.70 tgwo3.70): 2>NMTBLZ2. D




GC-MS data allow prediction of ‘pepper’ aroma

y = 0.9654x + 0.8957

R?=0.9825
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The search for ‘pepper markers’:
untargeted metabolomics experiment
* |dentified o-ylangene (a tricyclic sesquiterpene)

as a new compound in grapes

* guantified a-ylangene with a-copaene as I.S.

= good correlation of a-ylangene with ‘pepper’

» marker compound:
o-ylangene has no peppery aroma

Parker et al. (2007) JAFC, 55, 5948-5955



|dentification of peppery grape volatiles: W
Research Institute

GC-MS-Sniff In action




How potent Is Rotundone?

aroma threshold in red wine Is 16 ng/L

1 drop of rotundone is enough to 1 g of rotundone is enough to
make an Olympic size swimming make the entire Australian
pool smell peppery! annual crush smell peppery!
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