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Sensors for real-time monitoring of
vineyard exposure to smoke




Smoke monitoring project:

Attentis Technologies develop environmental sensors
that monitor air quality as particulate matter (PM) concentrations,

. ~accessible online, in real-time

“  www.attentistechnologies.com



http://www.attentistechnologies.com/

Smoke monitoring project. smoke density field trial




|  Smoke monitoring project: smoke density field trial
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Smoke monitoring project. smoke density field trial
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roject: stubble burn trial (2020)







Smoke monitoring project: stubble burn trial (2020)
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Smoke monitoring project: stubble burn trial (2021)
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Smoke monitoring project: stubble burn trial (2021)

Concentration {e,/m7)

Concentration {pe,/m?)

1200

1000

200 |

| (a) Wheat A

grapes
collected
at 13:55

o

11:20 11:43

13:53

14:16

1200

1000 +

200

o

14:09

14:22

14:35

14:48 15101

15:14

15:27

15:42

100

(b) Wheat B

BD F

" Yy A B e B B

oW i
greesass

11:20

11:43 1204 12:27 12:51 1313

13:37 13:5%  14:21

500 + (d) Oats B

200

100

0

14:09

14:22

14:35

14:48 15:01

15:14

15:27

15:42



~ Smoke monitoring project: stubble burn trial (2021)

1200

_—c oapes |

% o f By :E:;f’e;;ﬁ 1 el ; guaiacol cresols syringol
: . B T 4” Control 1 nd 6
el Besisind ) Wheat A 3 3 12

T o |1 M L Wheat B (upwind) 1 nd 6

: W e | Oats A 4 3 18

: o Oats B 1 nd 7

1 i f h 1 f 1 1 1 L L f 1 L
1405  14:22  14:35 1448 1501 15114 1527 1542 14:09 14:22 14:35 1448 15:01 15:14 15:27 1542




Smoke monitoring project: stubble burn trial (2021)
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Smoke monitoring project:
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Evaluation of strategies for mitigation of smoke taint




v
Strategies evaluated for mitigation of smoke taint

| 4 In the vineyard... In the winery...
'[{1 Defoliation Reduced skin contact
- Washing/misting grapes Different yeast strains
Hand-harvesting Oak/tannin addition
> Protective sprays (e.g. kaolin)*  Post-harvest ozonation*

Protective coverings” Distillation®
Adsorbents (e.g. carbon, MIPs) *
Membrane filtration*

b
fod mmolecules ﬁﬂj
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Reviewy

Techniques for Mitigating the Effects of Smoke Taint While
Maintaining Quality in Wine Production: A Review

Ysadora A. Mirabelli-Montan !, Matteo Marangon L= Antonio Graga 1, Christine M. Mayr Marangon 1and
Kerry L Wilkinson




h Activated carbon fabric as a protective covering
to prevent smoke contamination of grapes




Activated carbon fabric project: preliminary field trial




Activated carbon fabric project: preliminary field trial

guaiacol cresols syringol

Control nd nd nd
Smoke 21 16 16
i Plastic bag 11 50 53]
' Ppaper bag 10 8.5 20 |




Activated carbon fabric project: ‘box’trial (grapes)
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Activated carbon fabric project: ‘box’trial (grapes)

guaiacol cresols syringol

Control nd nd nd
Smoke 231 194 80
[ Paperbag ______ 75 ____48 ____ 1 ___|
| _AC fabric bag 5 5 nd |
Kaolin 183 158 58

Anti-transpirant 239 224 38




 Activated carbon fabric project: ‘box’ trial (wine)

guaiacol cresols syringol

Control 2 1 6
Smoke 16 22 21
AC fabric bag (felt) 3 3 7
AC fabric bag (light) 3 2 7
AC fabric bag (heavy) 3 3 6




Activated carbon fabric project: ‘box’ trial (wine)

guaiacol cresols syringol
Control 2 1 6
Smoke 16 22 21
AC fabric bag (felt) 3 3 7
AC fabric bag (light) 3 2 7
AC fabric bag (heavy) 3 3 6

fruit A*

> smoke A*
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burnt rubber F* cold ash A*
medicinal F* earthy A
woody AT* medicinal A*

ashy AT* burnt rubber A*

smoky F* reduced A*
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fruit F*

salty*

= Control = Smoke



Activated carbon fabric project: ‘box’ trial (wine)

fruit A*
reduced F* > smoke A*
4
gualaCOI CrESO|S Syrlng0| burnt rubber F 3 cold ash A
CO ntl’0| 2 1 6 medicinal F* 2 earthy A
Smoke 16 22 21
woody AT* medicinal A*
AC fabric bag (felt) 3 3 7
AC fabric bag (light) 3 2 7 shy AT burnt rubber A
AC fabric bag (heavy) 3 3 6 smoky F* : reduced A*
fruit F* bitterness*
salty*
Control Smoke AC fabric (felt) AC fabric (light) ==== AC fabric (heavy)

Peter Michael winery now pursuing commercialisation
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Activated carbon fabric project: ongoing R&D

guaiacol cresols syringol

Control 1 nd 3
Smoke 25 14 7
Smoke + Viscose 14 8 3
Smoke + ACF 7 5 4




~ Activated carbon fabric project: ongoing R&D
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Activated carbon fabric project: ongoing R&D
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Activated carbon fabric project: ongoing R&D




Post-harvest ozone treatment of grapes to
mitigate the intensity of smoke taint in wine
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Ozonation project: Merlot trial (moderate smoke exposure)

guaiacol cresols syringol
Control 1.0 nd 3.0
.. Smoke 15 7.7 4.7
~ |smoke + 1 ppmoO, 12 5.7 40 |
- Smoke + 3 ppm O, 14 7.4 4.3
guaiacol cresol syringol
glycosides glycosides glycosides
Control 9.4 20 3.4
Smoke 295 280 240
| Smoke + 1 ppm O 232 217 213 |

Smoke + 3 ppm O, 329 314 273




Ozonation project: Merlot trial (moderate smoke exposure)

guaiacol cresols syringol
Control 1.0 nd 3.0
'. Smoke 15 7.7 4.7
- | Smoke + 1 ppm O, 12 5.7 4.0 |
ke +3pom0, 474 43
guaiacol cresol syringol
glycosides glycosides glycosides
Control 9.4 20 3.4
Smoke 295 280 240
| Smoke + 1 ppm O 232 217 213 |
[mmm—mmm————mmmmm—m—mmm——mm——mm—

1.Smoke + 3 ppm O, 329 314 273




Ozonation project: Merlot trial (moderate smoke exposure)

guaiacol cresols syringol A
Control 1.0 nd 3.0 drving AT smoke A7
Smoke 15 7.7 4.7
Smoke + 1 ppm O, 12 5.7 4.0 ashy AT cold ash*
- Smoke + 3 ppm O; 14 7.4 4.3
burnt rubber F* medicinal A*
guaiacol cresol syringol
glycosides glycosides glycosides
Control 9.4 20 3.4 N
medicinal F* burnt rubber A*
Smoke 295 280 240
Smoke + 1 ppm O, 232 217 213 smaky F* fruit 2
Control Smoke
Smoke + 3 ppm 03 329 314 273 === Smoke + 1 ppm ozone Smoke + 3 ppm ozone
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Ozonation project. Cabernet trial (heavy smoke exposure)

guaiacol cresols syringol
_ Control ~1.0 nd 2.3
l - Smoke 30 21 6.3

| | Smoke + 1 ppm O, 23 18 5.3 |
-y _

guaiacol cresol syringol
glycosides glycosides glycosides
Control 9.8 4.3 12.2
Smoke 340 117 614

| Smoke + 1 ppm O, 258 100 473 |
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Ozonation project. Cabernet trial (heavy smoke exposure)

guaiacol cresols syringol
Control ~1.0 nd 2.3
Smoke 30 21 6.3
Smoke + 1 ppm O, 23 18 5.3
guaiacol cresol syringol
glycosides glycosides glycosides
Control 9.8 4.3 12.2
Smoke 340 117 614
Smoke + 1 ppm O, 258 100 473
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Amelioration of smoke taint in wine using
novel adsorbents and membrane filtration




Fudge et al. Amelioration of smoke taint in wine

Amelioration of smoke taint in wine by reverse osmosis and
solid phase adsorption

A.L. FUDGE', R. RISTIC', D. WOLLAN? and K.L. WILKINSON'

Abstract
Background and Alms: Wines made from grapes harvested from vineyards exposed Lo bushfire smoke can exhibit
objectionable ‘smoky, ‘cold ash’, ‘medidnal’ and “ashy” aroma and flavour characiers. This study evaluated a
combined reverse camosts and solld phase adsorption prooess 25 2 potenttal amelioration method for the treatment
of smoke-tainbed wines.
Methods and Results: Smoke-tainted wines were reated using elther pllot or commerdal scale reverse camaosls
systems and the chembca] compesition and sensory propertles of wine compared before and after tresiment The
concentrations of smoke-derived wolatlle phenols, Including marker compounds, guatsool and 4-methylguatacol,
decreased significantly with treatment. As 2 consequence, diminished smoke-related sensory attrbutes enabled
treated wines o be readily diffierentiated [rom unireated wines. However, the taint was found o slowly retum with
ume, kely because of hydrolysis of ghycoconjugate precursors, which were not removed during the reatment
Process.
Conclusions: Reverse osmosls and solld phase adsorpilon reduced the concentratlon of smoked-derived volatile
phenaols and Improved the sensory attnbutes of smoke-tainted wines.
Significance of the Study: This Is the first study 1o evaluate the ameboration of smoke 210t In wine using reverse
osmodls and solid phase adsorption.

Keywords: ameltoraton, guaacol, roverss oamosls, smoke toin, wirne

Intreduction

Anoma 4 an important aspect of wine quality and has therelore
been the subjed of comsiderable research. Indeed, several
hundred volatlle compounds have been Identified In wine to
date. These compounds contribute o the complexity and warl-
etal character of wine and can orginate from grapes, the acilon
of yeast during fermentation, oak wood during barrel matwra-
tlon or In the bottle with aging (Willlams et al. 1981, GOnata
etal. 1985, Winterhalter etal. 1990, Pollniiz etal 2004).
However. not all volatlle compounds make a desirsble contr-
butlon 1o wineg aroma. Seme volatles are Indicative of wine-
making [auls: e.g the ‘brulsed apple’ and “vinegar characiers
assocated with excesive concentrations of acetaldehyde and
aceilc ackd due to oxidation and lactic bacterla spollsge (volatle
addity), respectively (Ribéreau-Gayon etal. 2000). In other
cased, contamination by exogenous volatlbes can lead Lo talnis In
wine 24, 6-tidiloroanisele, for example, 1s consldered o con-
tribute 1o the ‘musty” atinbute assodated with cork Lalnt (Bwser
et al. 1982).

In recent years, the potential for smoke Lo t2int grapes and
wine has been 3 concem for some winemakers, lollowing the
ooourrence of significant bushfires In the wicnity of wine grape-
growing reglons. Kennlson et al. (2007} demonstrated the pres-
ence of several smoke-derived woladle phenols, incuding
gualacol and 4-methylguatsosl, In wines made from smaoke-
affecied grapes. These wines were found Lo exhibit objectionable
«smoky”, ‘oold ash’, ‘medidnal” and “ashy’ aroma and flavour
characters (Kenmison ef al. 2007), with the ntensity of smole-

related sensory atintbutes dependent on the timing and duration
of grapevine smoke exposure (Kennison et al. 2009). Vineyard
exposure to smoke cannot be readily predicied or prevented,
but can have a significant financlal Impad on grape and wine
productlon. As such, methods which reduce the concentration
of smoke-derived wolatle compounds In wine, thereby mitigat-
Ing the eilecs of smoke exposure, would be of benefil to grape
growers and winemakers. Ristlc ef al. (2011} Investigated the
efiect of diffierent winemaking technigues on the extent of
smaoke it In wine and found the duration of skin contad,
chotoe of yeast strain and addition of oak chips or Ltannins
Influenced smoke-related sensory properties. These iechnigues
can be applied by winemakers when processing smoke-affected
grapes, but do not address the 1ssoe of smoke aint In wine.
Reverse osmodls 18 a filtration process Involving diffusion
acroas 3 semi-permeable membrane agalnst 2 concentration gra-
dient {Paulsen et al. 1985), in whidh separation effidency relles
on both size exclusion and solution-difusion mechantsms
{Cuperus and Nijhuls 1993%). Reverse osmosls 1s routinely used
for waater purification and desalinatbon (Madaen] 1999), with an
Increasing number of applications being reporied within food
and beverage Industries, eg. the preparaton of milk (Glover
1971} and frull julce concentrates (Paulsen el al. 1985, Kane
etal. 1995). within the wine Indusiry, reverse osmosls has
been wsed o manipulate wine aloohol content, wolatlle acdity
and acidification  through concentratbon of grape most
(Dunschaever ef al. 1991) and wine (Bul e al. 1988, Massol
el al. 2008). Reverse osmosls has alse been coupled with solid
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Amelioration of smoke taint in wine by treatment with
commercial fining agents

A.L. FUDGE', M. SCHIETTECATTE', R. RISTIC!, Y. HAYASAKA? and K.L. WILKINSON'

Abstract
Background and Alms: Fermenlation of smoke-affected grapes can lead 1o wines that exhibit objectionable
smoke-related semsory attibutes, le. smoke wink Fining agents are routinely uwsed at different stages of the
winemaking process o address constituenis that are considered 1o adversely aflect Jubce or wine quality. This study
almed to evaluate the efficacy of commerdal fining agents in redudng the concentraiton of volatile phenols and the
Intensity of sensory attrbutes assoclated with smoke-Lainted wine.
Methods and Results: Smoke-affected wines were treated with 2 range of fining agents, two of which, an activated
carban and a synthetic mineral, were found o appredably amebiorate the taint. Treated wines contained a significantly
lower level of smoke-derlved volatlle phenols and exbibited bess Intense *smoke” and “cold 2sh” aromas, ‘smoky” flavour
and “ashy’ aftertaste, compared with that of untreated (control) winess with lite or no Impad on wine cobout.
Conclustons: Selecied fining agents can amellorate smoke @int In wine. Wherezs most fining agents showed poor
speclfidty towards the wine components respansible for smoke 130t some, an adivated carbon In partboular, were
highly effective.
Significance of the Study: This research identifies a treaiment that can be used i mitgate the Impad of grapevine
exposure W smoke on wine compasition and sensory properibes.

Keywords: acthvated carbom, ameliorarion, fmtng agoet, guatacyl, smoke tafrr, wine

Introduction
Fning agenis are routinely used at different stages of winemak -
Ing to address constiiuents that are constdered 1o adversely
affect ulce or wine quality. For example, gelallne, Isinglass,
silicon dioxide and bentonite have been used 1o facliate the
dartfication of Julce and wine, while egg albumin, caseln, poly-
vinylpolypymolidone (PVPF) and activated carbon can remove
the phenolic compounds assedated with blilerness, asgringency
and browning ({lland et al. 2004b). Fining nvolves the addition
of one or more adsorptive substrates to julce or wine to bind
cerialn components, thus reducng thelr concentration (Castel-
larl et al. 2001). Binding ooours as a result of complex van der
Waals, resonance, electrostatic and hydmgen bonding Interac-
tons (Furuya et al. 1997) between Lhe adsorbent (Le. the fning
agent) and the adsorhate (Le. the component In juloe or wine
1o be removed). Eollowing treatment, fining agents will either
settle or predpliate, allowing clear Juloe or wine to be separated
by racking. filtratton or centifugation (lkand et al. 2004b).
Fning xgenis have also boen used to remove volatlle com-
pounds responsibde for the occuwrrence of varous ofi-odours
and flavours In wine. The remedial treatment of wine affeded
by Harmoia axyridts jmulttcoloured Astan bady beetle) taiml was
reporied by Pickerng and co-workers (2006}, The concenira-
ton of 2-1sopropyl-3-methoxypyrazine, derved from lady
beetles present In grape bunches at the ume of harvest, was
reduced In white wine pllowing the addition of aciivated
carbon. Adivated carbon and PYPP have alse been shown to
reduce the conceniration of 4-ethylphenol and 4-ethylguataco
In wine (Llsantl et al. 2008): Le. the volatlle phenols assoclated
with Brenanmryces! Deldoera spollage (Chatonnet ef al. 1992). The

adsorpiive propertles of oenologhcal fining agenis have even
been explotted for the removal of odhratoxin A from wines
(Castellar et al. 2001, Gambutl et al. 2005, Kurthay et al. 2008).

In the last 5 years, an Increasing number of studles concem-
Ing grapevine exposure lo smoke and the oocurrence of smoke
tatnt In grapes and wine have been published In the sdenttfic
herature. Several studies have described the compositional and
sesory Implications of grapevine smoke exposure for grapes
and wine (Kennbon ef al. 2007, 2008, sheppard etal. 2009,
Hayasaka elal. 2010ab.c) and the Infuence of grapevine
phenalogy on the extent of smoke t2int In wine (Kennison
ef al. 2009, 3011). Additionally, a range of chromatoegraphic and
ectroscoplc methods has been developed for the 1dentfication
and screening of smoke-lainied grapes and wine (Dungey
et al 2011, Singh et al. 2011, Wilkinson ef al. 201 1, Fudge et al.
2012). To date. however, only two studies have Investigated
methods by which the Impadt of grapevine exposure io smoke on
the chemical and sensory prodiles of wine can be midgated. Ristic
and oo-workers reporied the Influence of winemaking ted-
niques, such 38 the duration of skin contact, yeast selection and
the use of oak and tannin additives, on the concentration of
amoke-derived volatlle phenols and Intensity of smoke-related
sensary alirbutes In wines made irom smoke-aflecied grapes
(Ristic et al. 2011}. The capadty of reverse csmosls and salid-
phase adsorption for the amelioration of smoke-1ainted wine has
also been demonstrated (Fudge ef al. 2011); with treated wines
shown Lo contaln a reduced level of volatlle phenols and dimin-
Ished “smnoke” and “2sh” aromas and flavours, compared with that
of unireated wines. While these studles give winemakers some
oplions for managing smoke-afiecied grapes and wine, further




Novel adsorbents: molecularly imprinted polymers (MIPs)

MIPs are mm-sized |
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Novel adsorbents project




Novel adsorbents project: adsorption trial

Adsorbent dose guaiacol cresols syringol
Chardonnay 2 g/L, 24 hours 31 33 39
Chardonnay + Carbon1 2 g/L, 24 hours 28 27 35
Chardonnay + Carbon 2 2 g/L, 24 hours 28 29 33
Chardonnay + Carbon 3 2 g/L, 24 hours 27 29 33
Chardonnay + VAF Resin 20 g/L, 2 hours 23 25 29

Chardonnay + MIPs 10 g/L, 6 hours 19 17 28




| Novel adsorbents project: adsorption trial

Adsorbent guaiacol cresols syringol
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Novel adsorbents project. ongoing R&D

Optimisation of resin and MIP treatments
direct addition vs column
dose rate/bed volumes
duration/flow rate
regeneration

Additionally, use of adsorbents in combination with membrane filtration
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Novel adsorbents project: ongoing R&D

Recombination and treated
Wine wine return

treatment
tank

{carbon or resin)

Retentate
Pressure pump Permeate
—Y
Membrane separation
Wine to be treated (MWCO ~150-200)
Adsorbent treatment —"

Treated permeate



Novel adsorbents project. ongoing R&D

Adsorbent guaiacol cresols syringol
Chardonnay 32 40 41

| UF5 permeate 30 39 38
UF5 retentate 29 39 38

'UF10 permeate 28 36 35
UF10 retentate 29 39 37

| UF20 permeate 29 37 38

UF20 retentate 29 37 37




Novel adsorbents project. ongoing R&D

Adsorbent guaiacol cresols syringol . GURu 4MGRu PhRu CrRu SyrGB 4MSyrGB
Chardonnay 32 40 41 8 17 2 3 468 37

'UFS permeate 30 39 38 6 12 2 2 280 20
UF5 retentate 29 39 38 24 52 6 7 1467 138

| UF10 permeate 28 36 35 7 14 2 2 368 26
UF10 retentate 29 39 37 16 35 4 5 910 79

| UF20 permeate 29 37 38 7 16 2 2 423 32
UF20 retentate 29 37 37 12 25 3 4 681 57




v
Novel adsorbents project. ongoing R&D

Adsorbent guaiacol cresols syringol . GURu 4MGRu PhRu CrRu SyrGB 4MSyrGB

~ Chardonnay 32 40 41 8 17 2 3 468 37
3 'UF5 permeate 30 39 38 6 12 2 2 280 20

UF5 retentate 29 39 38 24 52 6 7 1467 138

ey | UF10 permeate 28 36 35 7 14 2 2 368 26
UF10 retentate 29 39 37 16 35 4 5 910 79

| UF20 permeate 29 37 38 7 16 2 2 423 32
UF20 retentate 29 37 37 12 25 3 4 681 57
UF5+NF permeate 28 34 35 0 0 0 0 3 0

UF5+NF retentate 27 33 42 46 110 13 18 1835 191
UF10+NF permeate 26 32 28 0 0 0 0 2 0

UF10+NF retentate 25 29 37 63 152 18 24 2450 269
UF20+NF permeate 28 34 34 0 0 0 0 4 0

UF20+NF retentate 27 32 41 60 147 17 23 2498 289




Amelioration of smoke tainted wine
via spinning cone column distillation




' Spinning Cone Column distillation project:

/;D — vapor outlet
— .
) (steam/volatiles)

c:':

(steam) stationary cone

spinning

h 4
. ‘ cone shaft
b4

spinning cone

/




| Spinning Cone Column distillation project:

//‘D — vapor outlet
— .
) (steam/volatiles)

= —

- =

vapor and
liquid mixing

(steam)

" upward vapor flow

outlet



Spinning Cone Column distillation project: wine trial

guaiacol cresols syringol GuR MGuR CrR PhR SyGB MSyGB
ShS wine 48 29 12 41 37 27 26 112 7
fruit A

acidity smoke A

metallic AT

burnt rubber A

drying AT

woody AT medicinal A

medicinal F smoky F

—ntreated




Spinning Cone Column distillation project: wine trial

guaiacol cresols syringol
ShS wine 48 29 12

1% strip 50 28 13
14% strip 52 30 15
28% strip 46 29 18
] | 14% strip condensate 7 1 nd i
1.28% strip condensate 16 5 nd |




Spinning Cone Column distillation project: wine trial

guaiacol cresols syringol GuR MGuUR CrR PhR SyGB MSyGB
ShS wine 48 29 12 41 37 27 26 112 7
1% strip 50 28 13 40 34 24 26 107 7
14% strip 52 30 15 47 42 28 32 127 8
28% strip 46 29 18 55 51 35 38 152 11
1% strip condensate 6 nd nd r-ﬁa' ----- nd  nd  nd n-d----_ﬁa'_-:
N I l
14% strip condensate 7 1 nd i nd nd nd nd nd nd |
| | .
28% strip condensate 16 5 nd .__rld______ng ______ nc d_____ﬂg _____ n _d ______ r_ld___:




Spinning Cone Column distillation project: wine trial

guaiacol cresols syringol
ShS wine 48 29 12
1% strip 50 28 13
14% strip 52 30 15
28% strip 46 29 18
1% strip condensate 6 nd nd
14% strip condensate 7 1 nd
28% strip condensate 16 5 nd

acidity smoke A

metallic AT cold ash

drying AT

- — burnt rubber A

medicinal A

fruit F

medicinal F smoky F

Untreated === 1% Strip === 14% Strip 28% Strip



Spinning Cone Column disti

F2 (11.67 %)

10

lation project: wine trial

hitterness

Fruit A7F —_

L]

PV5 1% strip e

. Shs 1% strip

5hs Control

astrimgency

dryimg AT

medicinal 4

medicinal F

oxidised 4
oxidised F

reduced A
metallic F
burnt rubber A ghg 289%, strip

i "'_u St"p‘ reduced F -WS 280 strill_l

S5h514% strip

woody AT

— geidity
Eﬁmw
burmt rubber F
_ metallic A
B earthy A
Smoake A

cold ash A
ashy AT

smoky F

F1 (75.61 %)
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Spinning Cone Column distillation project: juice trial

RED JUICE PROCESSING

guaiacol cresols syringol | GUR SyrGB
red juice 10 6 nd 19 89
clarified red juice 9 6 nd 19 84
condensate (pre-IEX) 42 23 5 nd nd
condensate (post-IEX) 1 nd nd nd nd
| reconstituted red juice 2 1 122 20 62 i
redwine 4 - 3____30_ 1 na na

red juice

Clarification {via high solids
cross-flow filtration)

clarified

red juice

Heat tr
(90 "Cto

eatment
r &4 hours)

'

Cooling (< 20°C) and
spinning cone column
distillation (25% strip rate)

v

v

stripped juice

condensate

y

Adsorption (anion/cation
exchange columns)

v

treated condensate

reconstituted juice

l

Fermentation

)

red wine




Transformation of smoke tainted
wine into spirit via distillation




Distillation project: base wine

guaiacol cresols syringol GuR MGuR CrR PhR SyGB MSyGB
Wine 53 53 10 7 9 8 5 35 3
fruit A
5
bitterness smoke A

4

metallic AT cold ash

drying AT burnt rubber A

woody AT medicinal A

ashy AT fruit F

medicinal F smoky F




Distillation project: batch distillation

guaiacol cresols syringol GuR MGuR CrR PhR SyGB MSyGB
Wine (2 L) 53 53 10 7 9 8 5 35 3
Low wine (1.5 L) 93 62 11 ;'“na """ nd  nd 1 nd ~ nd  nd I
Stillage (0.5 L) 38 10 505 ! 83 110 96 59 194 23




r

Distillation project: batch distillation & addition of carbon

guaiacol cresols syringol GuR MGuR CrR PhR SyGB MSyGB
Wine 53 53 10 7 9 8 5 35 3
Low wine 93 62 11 nd nd nd nd nd nd
Stillage 38 10 505 83 110 96 59 194 23
| lowwine+AC [ 2 nd____nd_____nd____nd____nd ____nd____nd _. __nd_]




Distillation project: fractional distillation trial

guaiacol cresols syringol
Wine 53 53 10
Low wine 93 62 11
'. | Fraction 1 (>93%abv) o 26 26 |
4 : Fraction 2 (>94% abv) 16 32 24 :
“ i Fraction 3 (>94% abv) 20 29 22 i
- L Fraction4 (~10%aby) ___1182_ ____218 ______: 23___|

(with rectification, without vacuum)




Distillation project: commercial scale fractional distillation

200
150

100

Volatile Phenol Concentrations (pug/L)

Ul
o o

low wine + AC I




Distillation project: commercial scale fractional distillation

r-.
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40

Alcohol (% abv)
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HEARTS 3

4-methylguaiacol M cresols = phenol ® syringol
HEARTS 2

e -
HEARTS 1

M guaiacol
r

HEADS

0 nU
o (a\]

40
10
0

(1/81l) suonesauadsuo) jouayd 3|11e|oA

S

Distillation project: commercial scale fractional distillation



Distillation project: commercial scale fractional distillation

Volatile Phenol Concentrations (pg/L)

40

w
o

N
o

[EY
o

o
I |

butterscotch
caramel
citrus

=}
o
>
o

fraction 1

HEADS
1.7/9

M guaiacol 4-methylguaiacol ™ cresols
butterscotch butterscotch
spice savoury

some smoke malt
r -------- r --------
H _lim
: e | :- e |
I < 1 Il un o 1
I C C I l C C I
1 S S 1 3 8 S 1
13 S 1 % S
1 = s 1 g & & |
b o o o o S I
HEARTS 1 HEARTS 2
2.7/9 2.0/9

phenol m syringol

caramel
woody/oaky
honey

HEARTS 3
2.25/9

—

fraction 9 -

fraction 10

TAILS
2.6/9

woodfire
ashy
tailsy



TASTING

- -

Sample 7 Sample 8
Base Wine Hearts Blend
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