Date: 30 August 2017
Supplying institution: The Australian Wine Research Institute
Department: John Fornachon Memorial Library
Article supplied:

Parker, M. Baldock, G. Hayasaka, Y. Mayr, C. Williamson, P. Francis, I.L.
Krstic, M. Herderich, M. Johnson, D. Seeing through smoke. Wine and
Viticulture Journal Wine Viti. J. 28 (1) : 42-46; 2013.

Copyright declaration under section 49 (1) of the Copyright Act 1968


I require the copies for the purposes of research or study and that I will not use them for any
other purpose, and



I have not previously been supplied with a copy by an authorised officer of the library, and



I acknowledge that I may be held personally liable for any breach of the Copyright Act with
respect to a false or misleading declaration.

Original article © Copyright 2013 Winetitles Pty Ltd.

Document Supply Coversheet

The Australian Wine Research Institute Ltd ACN 007 558 296

Corner of Hartley Grove and Paratoo Road, Urrbrae
Correspondence:
PO Box 197
Glen Osmond SA 5064
Australia
Telephone 61 8 8313 6600
Facsimile 61 8 8313 6628

A W R I

Seeing through smoke
By Mango Parker, Gayle Baldock, Yoji Hayasaka, Christine Mayr,
Patricia Williamson, I. Leigh Francis, Mark Krstic, Markus Herderich and Dan Johnson
The Australian Wine Research Institute, PO Box 197, Glen Osmond (Adelaide) SA 5064, Australia
Managing director Dan Johnson

As a result of bushfires and controlled burning, winemakers and grapegrowers are seeking more
information about the effects of smoke on ripening grapes, wine composition and sensory qualities.
What is the relationship between smoke taint and smoke exposure? How does smoke interact with grape
and vine development? Research at the AWRI has led to the development of strategies to identify smoke
exposure and a deeper understanding of smoke taint. This new insight is being used to provide advice and
assistance to grape and wine producers.
The smoking gun

P

revious research into bushfire
smoke and other contaminants
has led AWRI scientists, working
alongside researchers at The University
of Adelaide and Victorian Department
of Primary Industries, to identify various
volatile phenols that are now known to be
significant in the development of smoke
taint characteristics. In recent reports1,2,
the AWRI discussed how volatile phenols
are converted to non-volatile glycosides
(phenolic glycosides) in the vine.
These phenolic glycosides play a key role
as precursors for volatile phenols in wines:
they can be released by enzymatic or acidcatalysed hydrolysis, causing smoke taint
characteristics.
How, exactly, the volatile phenols in
smoke are absorbed into the grapevine in
the first place is yet to be determined. As a
result, it is not possible to prevent the uptake
of volatile phenols from smoke during
bushfires or other smoke events.
There have been various attempts to
manage smoke taint3. Concentrations of
free volatile phenols from smoke have been
reduced in wines by using reverse osmosis4
and fining agents such as activated carbon5.
Although these strategies have reduced
the impact of smoke taint, they have not
been able to solve the problem: they cannot
remove smoke taint characters completely.
Also, these processes are not selective and,
in some instances, they can affect desirable
aroma compounds. Moreover, the nonvolatile glycoside-bound phenols remain in
the wine.
What is the role of volatile phenols
in smoke taint?
Using wine made from grapes exposed
to bushfire smoke between 7 February
and 14 March 2009 in the Yarra Valley,
Victoria, AWRI researchers investigated the
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At a glance
In a country with frequent bushfires and controlled burns, grapegrowers and
winemakers are worried about the possible consequences of smoke exposure on
their grapes. Can this lead to an undesirable smoke taint?
Research into volatile phenols and non-volatile phenolic glycosides suggests that
phenolic glycosides do play a part in the ashy aftertaste by releasing free volatile
phenols in the mouth.
The AWRI is investigating the best methods for detecting smoke exposure in
grapes, and quantifying phenolic glycosides as smoke marker compounds is
proving advantageous.
Analysis of phenolic glycosides and measurement of volatile phenols in grapes
and wines is leading to improvements in the ability to distinguish between smoke
and non-smoke affected wines. Collaboration between the AWRI and the Victorian
Department of Primary Industries (DPI) and the DPI’s Centre of Expertise in
Smoke Taint Research (CESTR) has improved the knowledge base of compounds
in smoke-affected wine and will enhance the response in support of grapegrowers
and wine producers in the advent of a bushfire.
relationship between smoke-derived volatile
phenols and negative sensory characters6.
Table 1 shows that the control wines
from non-smoke affected grapes had low or
undetectable volatile phenol concentrations.
In wines made from grapes exposed
to smoke, the concentration of guaiacol (a
compound found in many oaked wines) was
above its reported odour detection threshold
value, as was p-cresol. o- and m-cresols
(also found in oaked wines), present at
concentrations approaching threshold.
These results concluded that guaiacol
and the cresols were indicators of smoke
exposure and could be major contributors to
smoke taint.
The three control wines were made from
non-smoke affected grapes grown in the
Coonawarra, in South Australia, the Yarra
Valley, in Victoria, and the Adelaide Hills, in
South Australia, respectively.
The other red wines were smokeaffected wines from the Yarra Valley, in
Victoria.
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Sensory effect
The next stage was sensory evaluation.
To corroborate the sensory significance of
guaiacol and the cresols, the AWRI’s sensory
panel determined their odour thresholds
in a red wine, and also compared the
odour (perceived by the nose) and ‘taste’
thresholds (i.e., the perceived flavour) of
guaiacol additions to the same wine.
The base red wine had low levels
of volatile phenols, with no detectable
concentrations of o-, p- or m-cresols.
Figure 1 provides the panel’s best estimate
thresholds for the volatile phenols. m-Cresol
has the lowest aroma threshold value in
red wine (20µg/L), comparable to that of
guaiacol. The ‘taste’ (flavour) threshold
for guaiacol is 27µg/L, which is similar to
its aroma threshold (23µg/L). Comparing
the thresholds of these volatile phenols
with their actual concentrations suggested
that guaiacol and m-cresol were likely to
be important contributors to the aroma of
smoke-affected red wine.
V28N1
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Table 1. Concentration of free volatile phenols in red wine from 2009 bushfires (μg/L, adapted from Parker et al. 20126),
in comparison to previously reported sensory thresholds.
guaiacol

Syringol

4-methyl
syringol

4-methyl
guaiacol

phenol

o-cresol

p-cresol

m-cresol

Cabernet Sauvignon

3

4

nda

nd

2

nd

nd

1

Pinot Noir

6

15

4

6

6

6

2

4

Pinot Noir

6

10

2

1

nd

2

nd

1

Variety
Control wines

Smoke-affected wines
Pinot Noir

12

6

3

3

17

8

5

6

Pinot Noir

18

21

8

6

18

10

5

8

Pinot Noir

8

11

3

4

17

8

5

5

Shiraz

36

20

12

9

26

6

3

3

Pinot Noir

15

18

4

3

15

6

4

7

Pinot Noir

23

22

5

3

52

11

6

9

Pinot Noir

10

16

3

1

22

5

4

5

Pinot Noir

16

18

7

2

33

11

6

8

Pinot Noir

7

14

4

2

1

6

4

3

Cabernet Sauvignon

16

23

5

5

29

6

3

7

Shiraz

35

23

3

4

17

6

2

2

Chardonnay

7

10

4

4

13

6

4

6

Pinot Noir

55

26

9

10

44

26

6

13
8

Cabernet Sauvignon

31

16

10

5

40

9

4

Shiraz

27

15

3

1

43

3

1

9.5

570

Sensory Detection thresholds

b

b

10000

c

21

d

7100

e

31

e

3.9d,10

2
e

15d, 68e

Table 1: Notes
a
not detected. bOdour detection threshold in aqueous 10% alcohol at pH 3.27. cTaste detection threshold in water8
d
Odour detection threshold in water9. eOdour detection threshold in aqueous 10% alcohol10
Further analysis revealed that guaiacol and m-cresol were indeed
significant volatile phenols associated with both ‘ashy’ aftertaste
and smoke aromas, as were the compounds 1-methylsyringol,
1-methylguaiacol, phenol and o-cresol.
This confirmed the discovery that guaiacol and the cresols were
the most likely contributors to smoke taint and suggested that
other phenols present below their individual thresholds could offer
enhancing effects.
Further verification was achieved by spiking a base red wine
with volatile phenols at concentrations found in a smoke-affected
wine. The spiked red wine was described as similar to the actual
smoke-affected wine, but it was reported to lack intensity in lingering
ash flavour and aftertaste. This suggested that there are additional
compounds that create smoke taint in red wine which are responsible
for the production of the ‘ash’ flavour and aftertaste.
The role of grape metabolites, phenolic glycosides
Research into smoke-affected grapes and wine has also revealed
significantly elevated levels of phenolic glycosides.
These phenolic glycosides are grapevine metabolites formed by
glycosylation (enzymatic addition of various sugars) of volatile phenols
from smoke; these glycosides can be cleaved during fermentation
and wine ageing to release free volatile phenols. As non-volatile
compounds they do not have a direct effect on aroma properties in
their own right but, as outlined below, recent work has shown they can
have a surprising role by releasing flavour during tasting.
Sensory effect of phenolic glycosides
The AWRI flavour chemistry team prepared glycosides of guaiacol,
m-cresol and syringol and added them separately to a model wine.
V2 8N 1

Figure 1. Odour and taste threshold values of guaiacol and
cresols in red wine.
In a formal sensory assessment, guaiacol and m-cresol
glycosides produced a marked ‘ashy’ aftertaste, or lingering ashy
flavour compared with a control model wine (Figure 2, see page
44). Also, m-cresol glycoside produced a noticeable medicinal
flavour, while the syringol glycoside produced no significant effect
compared with the control wine.
In a further experiment, samples of expectorated wine were
collected for chemical analysis, which confirmed the presence
of the free volatile phenols and suggested that they had been
released in the mouth.
The AWRI concluded that salivary enzymes in the mouth were
hydrolysing the glycosidic bonds and releasing the free volatile
phenols, which are then discernible retro-nasally. Phenolic
glycosides do play a part in the residual ‘ashy’ aftertaste and
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together with their non-volatile glycosides, imitated smoke
taint the best and produced the most significant effect on the
sensory properties of the reconstituted smoke-tainted wine.
Smoke detection
The AWRI has concentrated its efforts on developing
strategies to detect and measure smoke exposure in grapes.
These strategies include providing advice and assistance
to grapegrowers and winemakers regarding harvesting after
a smoke event. This is important since it is not currently
possible to prevent the uptake of smoke compounds in
grapes and vines; it is also not possible to fully remove key
phenols and their glycosides from smoke-affected wines.
Phenolic glycosides used as smoke markers

Figure 2. Aroma and flavour intensity scores from a trained
sensory panel assessing glycosides of smoke-related
phenols added to a model wine.

Based on the following observations, phenolic glycosides
complement existing smoke markers, free phenols:
• in a model experiment, after a grapevine is exposed to
smoke, the amount of volatile phenols taken up by grapes
is related to the intensity and duration of that smoke
exposure11
• the volatile phenols in grapes are rapidly metabolised
into their more stable and non-volatile glycosidic forms
(phenolic glycosides)1,12. Smoke-induced glycosides persist
and accumulate in grapes until harvest12
• phenolic glycosides are easily extracted into wine and act
as a pool of precursors to release volatile phenols over
time, during fermentation, ageing and storage1,13
• the presence of phenolic glycosides in wine is specific to
smoke exposure of grapes and has not been attributed to
barrel ageing, unlike free volatile phenols in wine which are
also extracted from barrels.
Can we reduce the risk of producing
smoke-affected wine?

Figure 3. Burnt or ashy aftertaste rating of reconstituted wines.
Sample name

Description

Base wine

No addition

All vol

Volatile phenols matching the concentration of phenols
of an actual tainted wine (Shiraz from 2007 bushfires)

Low gly

Low glycoside-isolate addition (equivalent to 500µg/L
syringol gentiobioside)

High gly

High glycoside-isolate addition (equivalent to 1500µg/L
syringol gentiobioside)

Low gly + All vol

Low glycoside-isolate and all volatile phenols addition

High gly + All vol

High glycoside-isolate and all volatile phenols addition

Tainted wine

Actual smoke tainted wine: 2009 Shiraz, Yarra Valley

contribute to ‘smoky’ flavours by releasing free volatile phenols
in the mouth.
How volatile phenols and non-volatile glycosides
imitate smoke taint
To test the significance of phenolic glycosides for ‘ashy’
aftertaste and ‘smoky’ flavour in red wine, a base wine was
spiked with volatile phenols and phenolic glycosides to
simulate a real smoke-affected wine (see Figure 3).
It was confirmed that phenolic glycosides contribute to the
taint characters: a ‘smoky’ aroma and a ‘burnt’ and ‘ashy’
aftertaste. The combination of different volatile phenols,
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The AWRI undertook a comprehensive survey of baseline
levels of volatile phenols and their phenolic glycosides in
samples of control grapes and un-oaked laboratory-scale
wines.
In collaboration with industry partners, samples were
collected from 11 grapegrowing regions and five major
varieties: Cabernet Sauvignon, Chardonnay, Pinot Noir,
Riesling and Shiraz.
Volatile phenols were measured over two vintages
to statistically determine upper limits of their natural
abundance. It was possible to determine whether the
samples were smoke-affected if the concentrations of volatile
phenols or phenolic glycosides present were higher than
their upper limits.
Figure 4 illustrates the guaiacol and total phenolic
glycoside concentrations (sum of six selected glycosides) of
grapes and wine samples suspected of smoke exposure.
In grapes, according to their total phenolic glycoside
concentration, 36 out of 136 samples were classified as
smoke-affected. According to their guaiacol concentration,
only 17 of the samples were correctly identified as affected.
Of six samples containing total phenolic glycosides at
concentrations exceeding 100µg/kg, all were incorrectly
diagnosed as ‘not smoke-affected’ by guaiacol alone,
indicating how important phenolic glycoside analysis is as a
means for detection of smoke exposure.
Meanwhile, 50 wines out of 150 samples were classified
as smoke-affected according to their total phenolic glycoside
concentration, while only 13 were classified smoke-affected
by the free guaiacol measurement.
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Identifying smoke exposure
By analysing phenolic glycosides and
measuring volatile phenols in grapes
and wines, rather than relying on the
existing guaiacol and 4-methylguaiacol
measures, the ability to diagnose smoke
exposure in grapes and wine has been
enhanced. This should lead to significant
improvements in the Australian wine
sector’s ability to distinguish between
non-smoked and smoke-affected
samples.
Into the future
The method used for the quantification
of phenolic glycosides in grapes and
wine (HPLC-MS/MS method) has been
validated and the AWRI is in the process
of expanding its capacity to analyse
larger numbers of grape and wine
samples. For more information about
the analysis of phenolic glycosides in
grapes and wine, contact Randell Taylor
at the AWRI on (08) 8313 6618 or Randell.
Taylor@awri.com.au
The AWRI is also collaborating
with the Victorian Department of
Primary Industries (DPI) and the DPI’s
Centre of Expertise in Smoke Taint

Figure 4. Guaiacol and total phenolic glycoside concentrations of grapes and wine
samples suspected of smoke exposure.
Research (CESTR). The aim is to use
the analytical methods described here
for the quantification of volatile phenol
glycosides in smoke-affected grapes and
wine. It is hoped that the collaboration
will increase and enhance joint
knowledge about compounds present in

smoke-affected samples at a more rapid
rate.
A symposium held in Melbourne in 2012
brought together researchers and industry
members from Victorian grapegrowing
regions (a summary of the presentations
can be found on the AWRI website14).
▶

Winemakers bottling
for winemakers
With ten winemakers working across six sites, Portavin
is close to market and transport hubs, saving time,
money and the environment.
Portavin – caring for your wine from tank to shelf
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(08) 8447 7555 (09) 582 0090

Margaret River
(08) 9755 0500
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(03) 9584 7344

Perth
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(08) 9437 1033 (02) 9722 9400

www.portavin.com.au
portavin@portavin.com.au
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In addition, the AWRI is working with DPI/CESTR to enhance
a bushfire emergency response plan for the wine sector, which
will ensure a rapid and co-ordinated response to support
regional wine producers if there is a major fire and/or smoke
event.
Acknowledgements
The Australian Wine Research Institute, a member of the
Wine Innovation Cluster in Adelaide, is supported by Australia’s
grapegrowers and winemakers through their investment body,
the Grape and Wine Research and Development Corporation,
with matching funds from the Australian government. The
authors gratefully acknowledge the invaluable contributions
of Dr Cory Black, Kevin Pardon, Adrian Coulter, Con Simos
and Randell Taylor, of the AWRI, and Dr David Jeffery, of The
University of Adelaide. They also wish to thank Sharon Mascall,
Elizabeth Beattie and Rae Blair for their editorial assistance.
References
1
AWRI publication #1270. Hayasaka, Y.; Baldock, G.A.; Parker, M.; Pardon,
K.H.; Black, C.A.; Herderich, M.J. and Jeffery, D.W. (2010) Glycosylation of smokederived volatile phenols in grapes as a consequence of grapevine exposure to
bushfire smoke. J. Agric. Food Chem. 58:10989-10998.
2
AWRI publication #1179. Hayasaka, Y.; Baldock, G.A.; Pardon, K.H.; Jeffery,
D.W. and Herderich, M.J. (2010) Investigation into the formation of guaiacol
conjugates in berries and leaves of grapevine Vitis vinifera L. Cv. Cabernet
Sauvignon using stable isotope tracers combined with HPLC-MS and MS/MS
analysis. J. Agric. Food Chem. 58:2076-2081.
3
AWRI publication #1031. Simos, C. (2008) The implications of smoke taint and
management practices. Aust. Vitic. (1):77-80.

Fudge, A.L.; Ristic R.; Wollan, D. and Wilkinson, K.L. (2011) Amelioration of

4

smoke taint in wine by reverse osmosis and solid phase adsorption. Aust J. Grape
Wine Res. 17:S41-48.
5
Fudge, A.L.; Schiettecatte, M.; Ristic, R.; Hayasaka, Y. and Wilkinson, K.L.
(2012) Amelioration of smoke taint in wine by treatment with commercial fining
agents. Aust J. Grape Wine Res. 18:302–307.
6
AWRI publication #1358. Parker, M.; Osidacz, P.; Baldock, G.A.; Hayasaka, Y.;
Black, C.A.; Pardon, K.H.; Jeffery, D.W.; Geue, J.P.; Herderich, M.J. and Francis,
I.L. (2012) Contribution of several volatile phenols and their glycoconjugates to
smoke-related sensory properties of red wine. J. Agric. Food Chem. 60:2629-2637.
7
Ferreira, V.; Lopez, R. and Cacho, J.F. (2000) Quantitative determination of
the odorants of young red wines from different grape varieties. J. Sci. Food Agric.
80:1659-1667.
8
Burdock, G.A. (2002) Fenaroli’s Handbook of Flavour Ingredients 4th Edition
ed.; CRC Press: Boca Raton.
9
Czerny, M.; Christlbauer, M.; Christlbauer, M.; Fischer, A.; Granvogl, M.;
Hammer, M.; Hartl, C.; Hernandez, N.M. and Schieberle, P. (2008) Re-investigation
on odour thresholds of key food aroma compounds and development of an aroma
language based on odour qualities of defined aqueous odorant solutions. Eur. Food
Res. Technol. 228:265-273.
10
Jounela-Eriksson, P. and Lehtonen, M. (1981) Phenols in the Aroma of
Distilled Beverages. In The Quality of Foods and Beverages Volume 1. Chemistry
and Technology; G. Charalambous, Ed.; Academic Press: New York. 167-181.
11
AWRI publication #1165. Kennison, K.R.; Wilkinson, K.L.; Pollnitz, A.P.;
Williams, H.G. and Gibberd, M. R. (2009) Effect of timing and duration of grapevine
exposure to smoke on the composition and sensory properties of wine. Aust. J.
Grape Wine Res. 15:228-237.
12
AWRI publication #1267. Dungey, K.A.; Hayasaka, Y. and Wilkinson, K.L. (2011)
Quantitative analysis of glycoconjugate precursors of guaiacol in smoke-affected
grapes using liquid chromatography-tandem mass spectrometry based stable
isotope dilution analysis. Food Chem. 126:801-806.
13
AWRI publication #1085. Kennison, K.R.; Gibberd, M.R.; Pollnitz, A.P. and
Wilkinson, K.L. (2008) Smoke-derived taint in wine: The release of smoke-derived
volatile phenols during fermentation of Merlot juice following grapevine exposure
to smoke. J. Agric. Food Chem. 56:7379-7383.
14
http://www.awri.com.au/industry_support/victorian_node/smoke-taintsymposium-2012/

WVJ

Grow straight up to here
without any
hand training,
hand spraying
or hand weeding.
Vines grow naturally straight inside GroGuards without
any hand training or pruning. No need to touch the vines
until they run along the wire!
What's more, GroGuard's waterproof Zip-Safe seal
protects vines from herbicide spray so you can control
weeds from a tractor.
GroGuard's legendary strength and reliability are backed
by a 3-year guarantee. You can use and re-use each
GroGuard on successive plantings.
GroGuard makes
vineyard establishment
cheaper and easier!
Freecall 1800 644 259
www.groguard.com

GRO winetitle 1211.indd 3

46

www.w i n eb i z .c om.au

W i n e & V i t i c ult ur e Jo ur n a l JANUARY/FEBR uARY 2013

14/12/11 11:24 AM

V28N1

