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The main objective of the study was to investigate influence of geographical location on volatile composition

and perceived flavour profile of Sauvignon wines of New Zealand (Marlborough), French (Sancerre; Loire;

Saint Bris), and Austrian (Styria) origin. Nineteen New Zealand wine professionals evaluated 18 Sauvignon

wines, 6 from each source of origin, by sensory methods that included intensity ratings to experimenter-

provided descriptors, typicality ratings, and classification tasks (non-directed and directed sorting). Results

demonstrated that wines from the three sources of origin were separated by sensory analyses, with New

Zealand wines dominated by perceived green characteristics, Austrian wines perceived to be fruity (stone-

fruit), and French wines relatively subdued in all characteristics measured other than perceived minerality.

Concentrations of fermentation-derived, volatile aroma compounds (including acetate esters, fatty acid ethyl

esters, and higher alcohols) and isobutylmethoxypyrazine (IBMP) were determined for each wine using the

automated HS-SPME (Headspace Solid-Phase Micro-Extraction) technique (Parr et al., 2007) and a

modification of the HS-SPME technique (Kemp, 2010). Analysis of thiol concentrations was undertaken by

SPME-GC–MS/MS analysis. Statistical association of sensory and chemical data demonstrated that the

chemical compounds clustered into three groups, each cluster associated with one source-of-origin. A ‘green’

cluster of compounds associated with the New Zealand wines, the fruity/boxwood compound 4-mercapto-4-

methylpentan-2-one (4MMP) associated with Austrian wines, and other compounds (e.g., benzaldehyde)

associated with French wines. The study has demonstrated differences in perceived sensory characteristics

and chemical composition of Sauvignonwines as a function of source of origin, and demonstrated associations

between some specific aroma compounds and sensory terms employed by wine professionals.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

The concepts of terroir, geographical indication, and wine

typicality each incorporate the notion that wines from delimited

geographical regions can be perceived as different (Moran, 2006; Parr,

2009). Sensory characterisation of food and beverages has amongst its

aims detection of unique or distinguishable qualities in a product, a

potential source of which is place of origin. Fine wine classification

and identification systems have long considered source of origin an

inherent criterion, with renowned wines such as Château d'Yquem

identified by their geographical location, rather than by their grape

varietal.

The present study investigated perceived flavour profiles and

volatile composition of Sauvignonwines from three distinct sources of

origin. More specifically, we investigated whether perceived flavour

profiles of one hundred percent Sauvignon blanc (Vitis vinifera L. cv.

Sauvignon blanc) wines from Marlborough in New Zealand, central

France (Loire, Sancerre, and Saint Bris), and southern Austria (Styria),

were sufficiently different to constitute wines with distinct geograph-

ical identities. It has been argued previously that Sauvignon blanc

wines from Marlborough, New Zealand, owe their international

reputation to their distinctive combination of ripe fruit and green

(e.g., green vegetable) characteristics (Parr, Green, White, & Sherlock,

2007). In sensory evaluation studies spanning several vintages, and

employing a range of sensory tasks, results have demonstrated that

Marlborough Sauvignon wines can be discriminated as different from

French Sauvignon wines from Loire, Sancerre, and Saint Bris (Parr,

Green, et al., 2007; Parr, Valentin, Green, & Dacremont, 2010). In

particular, the relative intensity of green characteristics such as green

capsicum (often referred to as green pepper or bell pepper) appears to

be the key to Marlborough Sauvignon's distinctiveness (Parr,

Sherlock, & Green, 2007).

The present study extends prior work from our laboratories in

several ways. First, whereas Parr et al. (2010) employed olfaction
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alone as the mode of sensory evaluation of Sauvignon wines, the

present study involved evaluation of wines by retro-nasal and taste as

well as by olfaction, with ‘taste’ judgments including attributes of

wine other than flavour (e.g., palate weight; acid/flavour balance).

Second, the present study permitted us to consider another variable,

namely the influence of familiarity with the stimuli (i.e., experience or

expertise with a particular wine type). Participants in the present

study were New Zealand wine professionals who were highly familiar

with the New Zealand wines, moderately familiar with French

Sauvignons from central France, and for seventeen of the nineteen

participants, the Austrian Sauvignons were a novel stimulus.

Consideration of the influence of stimulus familiarity on sensory

evaluation performance required us to employ several methods of

wine sensory evaluation in the study as Parr, Green, et al. (2007) have

argued that contemporary sensory procedures do not all draw on the

same cognitive processes and resources of participants.

Sensory methods employed in the current study included

analytical evaluation by descriptor ratings of intensity of selected

aromas and flavours, with intensity considered to be the psychological

correlate of concentration. We also employed global sensory

evaluation methods. Whereas analytical rating tasks are considered

relatively data-driven (e.g., Dalton, 2000), encouraging a participant

to focus on a specific property of the wine stimulus, global evaluation

tasks require a participant to employ an overall or holistic evaluation

technique for assessing a wine. These latter tasks are assumed to

frequently require top-down cognitive processing (e.g., memorial and

decision-making processes involving previously-stored knowledge

and experience). Further, and of particular relevance to the current

study, global evaluation tasks (e.g., typicality ratings; sorting) allow

for the influence of what may be considered low-impact odorants in

the overall perception of a wine's aroma, and even sub-threshold

odorants, in a way that descriptive ratings to selected key character-

istics (usually high-impact odorants) of a wine do not. Global

evaluation methods used in the present study were a non-directed

sorting task, a directed sorting task, and a wine typicality rating.

Typicality rating (see Ballester, Dacremont, Le Fur, & Etiévant, 2005)

was considered an important sensory task for study participants in

light of the major independent variable of the study, namely wine

source of origin. The concept of wine typicality concerns the degree to

which a wine expresses not only varietal purity but also its source of

origin (Charters & Pettigrew, 2007). In the current study, we

employed a variant of the sensory methodology developed by

Ballester et al. (2005) to investigate the degree to which each wine

was conceptualised to be a “good example” of a New Zealand

(Marlborough) Sauvignon blanc and/or a “good example” of a

European Sauvignon.

Besides these sensory objectives, wewere interested in quantifying

selected chemical compounds in Sauvignon wines to investigate

source-of-origin differences and to consider associations between the

sensory profile data and several aroma-active chemical compounds.

For this purpose, we employed variants of multivariate analytic

techniques recently used by other authors investigating similar

phenomena (e.g., Aznar, Lopez, Cacho, & Ferreira, 2003). The chemical

analyses in the current study included some aroma-active chemical

compounds considered by other authors to be important to Sauvignon

blanc aroma and flavour (e.g., Allen, Lacey, Harris, & Brown, 1991;

Tominaga, Baltenweck-Guyot, Peyrot des Gachons, & Dubourdieu,

2000). These included one methoxypyrazine compound (3-isobutyl-

2-methoxypyrazine: IBMP) and three thiol compounds, namely 3-

mercaptohexan-1-ol (3MH), 3-mercaptohexyl acetate (3MHA), and

4-mercapto-4-methylpentan-2-one (4MMP). Previous studies on

Sauvignon blanc aroma have focused on the sensory impact of

several thiol (e.g., Tominaga et al., 2000) and methoxypyrazine (e.g.,

Allen et al., 1991) compounds. With respect to thiols, 3MH and

3MHA have been argued as particularly important to the aroma

profiles of white wines including Sauvignon blanc (Lund et al., 2009;

Mateo-Vivaracho, Zapata, Cacho & Ferreira, 2010; Swiegers et al.,

2009; Tominaga et al., 2000), with the Lund et al. (2009) and Mateo-

Vivaracho, Zapata, Cacho, and Ferreira (2010) studies demonstrating

relatively high concentrations of these compounds in New Zealand

Sauvignon wines.

Two methoxypyrazine compounds that are considered important

in contributing green characteristics to wine flavour are IBMP and

3-isopropyl-2-methoxypyrazine (IPMP), with green capsicum flavour

notes attributed to IBMP (Allen et al., 1991;Marais, 2001; Parr, Green, et

al., 2007), whilst IPMP has been argued as contributingmore vegetal or

earthy characteristics (Allen et al., 1991; Parr, Green, et al., 2007;

Swiegers et al., 2009). However, these compounds occur inwine in trace

concentrations and have extremely low detection thresholds (Allen et

al., 1991; Allen & Lacey, 1999). As a result, IPMP concentrations in wine

are seldom reported relative to reports of IBMP concentrations,

presumably due to the difficulty in measuring accurately the very low

concentrations of IPMP in wine samples and further difficulty in

interpreting results when concentration estimates are at extremely low

levels. It was for these reasons that only IBMP and not IPMP

concentrations were estimated for the wines in the present study.

In addition to the thiols and methoxypyrazine compounds

mentioned above, the chemical analyses in the current study included

quantification of fifteen fermentation-derived volatile aroma com-

pounds. Several fermentation-derived ester compounds are consid-

ered important for the fruity aroma of white wines. For example,

Campo, Ferreira, Escudero, and Cacho (2005) have reliably demon-

strated the positive role of acetates and the negative role of acetic acid

on the fruity perception of white wines. Some other recent studies

have suggested that ester compounds might contribute to Sauvignon

blanc aroma (King et al., 2010; Swiegers et al., 2009). In a study

investigating influence of yeast co-inoculations on Sauvignon blanc

aroma, King et al. (2010) observed a correlation between the “estery”

and “floral” attributes perceived in their Australian Sauvignon blanc

wines and the acetate esters of ethyl acetate, 2-methylpropyl acetate,

2- and 3-methylbutyl acetate, hexyl acetate, and phenylethyl acetate.

Of note, several of these compounds were below their reported aroma

detection thresholds (p. 624).

To summarise, the major aim of the study was to investigate the

separability of Sauvignon wines from three distinct sources of origin

in terms of perceived flavour profiles, and in terms of concentration of

several aroma-active compounds considered important to Sauvignon

blanc flavour. We predicted that for New Zealand Sauvignon wines,

relatively high perceived intensities of green characters, boxwood and

passionfruit would be reported relative to either French or Austrian

Sauvignons. Second, we predicted that quantification of selected

chemical compounds would provide correlational support for the

‘green’ nature of New Zealand Sauvignon wine. Finally, we predicted

that New Zealandwine professionals would correctly classify the New

Zealand Sauvignons in the sorting tasks due to their familiarity with

the wine style, but would have more difficulty distinguishing French

and Austrian Sauvignons as separate categories due to relative lack of

familiarity with wines of these origins.

2. Materials and methods

2.1. Sensory analyses

2.1.1. Participants

Nineteen wine professionals based in Marlborough, New Zealand,

participated in the study. They were members of a wine professional

panel, the members of which regularly take part in wine sensory

evaluation studies (e.g., Parr, Green, et al., 2007). There were 11 male

and 8 female participants. The mean age was 37.7 years (range=30–

56 years), and 4 participants reported that they smoked. The majority

reported winemaker/oenologist as their primary current occupation,

and the mean number of years that participants had been involved in
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the wine industry was 12.1 years. No specific training was provided

for participants immediately prior to their participation in the current

study. All participants had an extensive experience of Marlborough

Sauvignon blanc wines and some experience of French Sauvignons.

Only two of the 19 participants had any experience of Austrian

Sauvignon blanc wines prior to the study.

2.1.2. Wines

The wines were 18 commercial Sauvignon blanc wines from 3

countries: 6 from New Zealand (2 from each of the major sub-regions

of Marlborough, namely Awatere, Brancott, and Rapaura), 6 Sauvignon

blancs from France (2 from each of Saint Bris, Loire, and Sancerre), and

6 from southern Austria (see Table 1). The southern hemisphere wines

(New Zealand) were from the 2007 vintage, and the northern-

hemisphere wines (France and Austria) were from the 2006 vintage

except for one Austrianwine that was from the 2007 vintage. Thewines

were selected as being representative of their wine variants (varietal;

vintage; location), having been judged as such by either their wine-

makers and/or our wine importers. Table 1 shows that the wines

ranged in alcohol level from 12.5% v/v to 14% v/v, and that a range of

bottle closureswas employed to seal thewines. The New Zealandwines

were sealed with screw-cap (SC) closures, the French wines were

sealedwith cork, and the Austrianwineswere sealedwith glass stopper

closures and a screw-cap closure.

2.2. Design and procedure

The study was fully within-subject and was conducted in two one-

hour sessions on the same day, separated by a 30-minute break, at the

Marlborough Wine Research Centre (MWRC) in New Zealand. The

environment of the sensory facility was controlled as advised for

sensory laboratories (ASTM, 1986). Participants were seated in

separate booths where their 18 experimental wines were placed in

the unique order designated for the particular participant (William

Latin square: FIZZ software: Biosystemes, Courtenon, France). A 19th

Sauvignon blanc wine was positioned to the left of the flight as a

palate conditioner (i.e., as a warm-up wine) and no data were

collected on judgments towards this wine.

The wines comprised 60-mL samples that were served at room

temperature in coded tasting glasses (ISO, 1977) that were black to

eliminate visual cues.

Each session included a rating task (intensity of experimenter-

provided descriptors), a sorting task, and a typicality task. The tasks

were performed by a full tasting which included ortho-nasal, retro-

nasal, and palate judgement. Expectoration of all wine was a

requirement of participation.

The second session was for the most part a replication of the first

session but with a change to the sorting task from non-directed

sorting in Session I to directed sorting in Session II. The order of tasks

within a session differed across sessions. In Session I, the typicality

taskwas undertaken last as the typicality task instructions would alert

participants to the possibility of wines with different sources-of-

origin in the stimulus set. In Session 2, the directed sorting task was

the final task undertaken by each participant, and was preceded by

descriptive ratings and typicality judgments.

For the rating task, participants rated each wine on intensity of 11

experimenter-provided flavour descriptors (see Table 2) and two

wine-structure aspects (palate weight; acid/flavour balance). Palate

weight is a term used by New Zealand wine professionals to represent

the character in the mouth of ‘density’ (Brochet, 1999) or ‘fullness’

(Jones, Gawel, Francis, & Waters, 2008). The flavour descriptors were

the same as those employed in recent prior studies (e.g., Parr et al.,

2010) with addition of the term gooseberry, and were selected due to

their assumed relation with chemical compounds of interest to

Sauvignon blanc wine aroma. The flavour descriptors were rated via

100 mm horizontal line scales anchored at each end with “absent” to

the left and “extreme” to the right (see Parr, Green, et al., 2007). Odd-

numbered participants rated the flavour descriptors in a random

order and even-numbered participants rated the 11 descriptors in the

reverse order. Order of the flavour descriptors was reversed for each

participant in their second session. The wine-structure descriptors

were rated in the same order for all participants, on 100 mm

horizontal line scales with “poor” at the left-hand end and “very

good” at the right-hand end.

Two typicality rating tasks were undertaken within each session,

one for rating “Marlborough” typicality and the other for rating

“European” typicality. For each wine, participants were asked: Do you

think that this wine is a good example or a poor example of a

Marlborough-style (or “European-style”) Sauvignon blanc wine?

Participants made their judgement by rating 100-mm horizontal

line scales anchored at left “Very poor example” and at right “Very

good example”. Odd-numbered participants rated Marlborough

typicality first whilst the order was reversed for even-numbered

participants who rated each wine on European typicality first.

The sorting tasks comprised a non-directed sorting task in Session I

and a directed sorting task in Session II. In Session I, participants were

asked: “Please sort thewines into groups. The categories or groups can

be based on anything that makes a meaningful classification for you.

Table 1

The 18 wines employed in the study. NZ=New Zealand; SC= crew-cap bottle closure;

S. blanc = Sauvignon blanc.

Wine Vintage Origin Alc. %

v/v

Closure

Gross S. blanc Sulz 2006 Austria 13 Glass

Lackner-Tinnacher S. blanc Welle

Sudsteiermark

2006 Austria 13 Glass

Polz Hochgrassnitzberg 2006 S. blanc 2006 Austria 13.5 SC

Sattlerhof Ganlitz Sudsteiermark Kranachberg 2006 Austria 13.5 Glass

Tement Berghausen S. blanc Grassnitzberg 2006 Austria 13 Glass

Wohlmuth S. blanc Steinriegel

Kitzeck-Steiermark Austria

2007 Austria 13 Glass

Domaine Cherrier et Fils Sancerre 2006 France 13 Cork

Goisot Saint-Bris Exogyna Virgula S. blanc 2006 France 12.7 Cork

Jean-Marc Brocard Domaine Sainte Claire

Saint-Bris

2006 France 12.5 Cork

Pouilly fume 2006 Cote de Saint-Andelain 2006 France 12.5 Cork

Pouilly fume 2006 Jean-Pierre Bailly 2006 France 12.5 Cork

Sancerre Les Champs Clos 2006 France 12.5 Cork

Brancott Marlborough S. blanc 2007 NZ 14 SC

Marlborough Awatere Rail Bridge S. blanc 2007 NZ 13.5 SC

Marlborough Festival Block Brancott S. blanc 2007 NZ 13 SC

Marlborough Rapaura Conders Forest 2007 NZ 13 SC

Stoneleigh Marlborough S. blanc 2007 NZ 13 SC

Triplebank Awatere Valley Marlborough

S. blanc

2007 NZ 13.5 SC

Table 2

Eleven experimenter-provided flavour descriptors for intensity rating and two palate

attributes.

Descriptor

Boxwood/Broom/Sweaty

Passionfruit

Grapefruit/Citrus

Green capsicum

Grassy

Leafy/Stalky/Vegetal

Herbaceous

Tropical

Stone-fruit

Mineral/Smoky/Flinty

Gooseberry

Acid/Flavour balance

Palate weight

2790 J.A. Green et al. / Food Research International 44 (2011) 2788–2797

https://www.researchgate.net/publication/292219323_The_language_of_sensations?el=1_x_8&enrichId=rgreq-1037fc078c9c3ceb01eb59b462515af3-XXX&enrichSource=Y292ZXJQYWdlOzIzMzQyNjY2NTtBUzoxMzQ1NDU5NzAwNDQ5MjhAMTQwOTA4OTY2NzczOQ==


You can make as many separate categories as you feel you need to

when grouping the wines”. Participants were also asked to draw a box

on their data sheet for each category they defined, and to insert the

code numbers of the wines into the relevant box. Participants were

asked to then write a few (2–3) words to explain the key

characteristics or criteria that had led them to group each category

of wines together. In Session II, the sorting task instructions were as

follows: “The 18 wines that you have tasted today originate from

three distinct origins, Austria, France and New Zealand. Please sort the

wines into 3 categories, based on country of origin”. Once again,

participants were asked to provide 2–3 key descriptors for each

grouping to indicate the criteria they had employed in classifying the

wines.

2.3. Chemical analyses

Wine samples (80 mL in two 40-mL SPME sample bottles) from

each of the 18 wines were collected at the time of the sensory study.

They were immediately frozen and sent to Lincoln University for

selected chemical analyses. Fifteen fermentation-derived volatile

aroma compounds and one methoxypyrazine compound were

measured in all wines at Lincoln University whilst concentrations of

three thiol compounds were measured at Hill Laboratories, Hamilton,

New Zealand (see Table 3).

2.3.1. IBMP and fermentation-derived aroma compound analyses

The isobutylmethoxypyrazine concentrations in the wines were

determined using the automated HS-SPME (Headspace Solid-Phase

Micro-Extraction) technique described elsewhere (see Parr, Green, et

al., 2007). The fifteen other important fermentation-derived aroma

compounds were quantified using procedures reported in full

elsewhere (Kemp, 2010). The more important analytical details are

presented below.

2.3.1.1. SPME-GC–MS instrumentation. Automated GCMS analysis was

carried out on a Shimadzu GCMS-QP2010 gas chromatograph–mass

spectrometer equipped with a Combi-Pal autosampler using Version

5.0 of GCMS solutions data acquisition software. The chromatography

was performed using two GC columns in series: a Rtx-Wax

30.0 m×0.25 mm ID×0.5 μm film thickness (Polyethylene Glycol —

Restek, Bellefonte, PA, USA) and a Rxi-1MS 15 m×0.25 mm

ID×0.5 μm (100% dimethyl polysiloxane — Restek, Bellefonte, PA,

USA). The helium carrier gas was set to a constant linear velocity of

33.5 cm s−1 and the injector was operated in splitless mode for 3 min

then switched to a 20:1 split ratio. The column oven was held at 35 °C

for 3 min (during desorption of the SPME fibre), then ramped to

250 °C at 4 °C min−1 and held at this temperature for 10 min. Total

run time was 67 min. The interface and MS source temperatures were

set at 250 °C and 200 °C respectively and the MS was operated in

electron impact mode (EI) at an ionisation energy of 70 eV. Full scan

mode was used throughout each sample run with selected ions

(Tables 4 and 5) being used for the quantification of each aroma

compound during post-run data analysis.

2.3.1.2. Stable isotope dilution standards. A modification of the HS-

SPME method used for methoxypyrazine analysis was employed to

determine the concentrations of the fifteen other fermentation-

derived compounds. The method required the use of eight deuterated

internal standards. Five of those standards were synthesised in our

laboratory at Lincoln University (the d5-ethyl esters: d5-ethyl

Table 3

Aroma compounds measured in all 18 wines and sensory descriptors associated to the

compounds.

Chemical compound Odour/flavour notes

Isoamyl acetate Banana, fruity, sweeta,b,c

Isoamyl alcohol Fusel, solventa,b

Ethyl hexanoate Fruity, pineapple, green apple, brandy,

wine-like, waxy, fatty with a green

banana nuanced,b,c

Hexyl acetate Green, fruity, fatty, fresh, apple and

pear, cherry, florald,b

Hexanol Green, herbaceous, grass, woody, fruity,

apple-skin and oilyd,b

Trans-3-Hexen-1-ol Green, earthy, fattyd,b

Cis-3-Hexen-1-ol Green, grassyb

Phenylethyl alcohol Floral/rose, honeya,e,b

Ethyl pentanoate Fruity, apple, pineapple, green, tropicald

Ethyl butanoate Banana and pineappled,c

Ethyl isobutyrate Ethereal, fruity with rum-like nuanced,c

Ethyl acetate Nail polish, estery, varnish, glue,

solvent, balsamic, pineapplef,b

Ethyl decanoate Waxy, fruity, sweet apple, brandy,

graped,b

Benzaldehyde Almond, fragrant, marzipan, burnt

sugar, plasticb,c

Ethyl octanoate Sweet, floral, fruity, banana, pear,

brandy, waxy, musty, pineapple and

fruity with a creamy, dairy nuanced,b,c

3-Mercaptohexan-1-ol (3MH) Citrus, grapefruit, passionfruitf,e,g

3-Mercaptohexyl acetate (3MHA) Passionfruit, citrus, tropical fruit,

boxwoodf,e,g

4-Mercapto-4-methylpentan-one

(4MMP)

Boxwood, broom, sweatye,g

3-Isobutyl-2-methoxypyrazine (IBMP) Green capsicume

a Saenz-Navajas et al., 2010.
b Peinado, Moreno, Bueno, Moreno, & Mauricio, 2004.
c Botelho, Mendes-Faia, & Climaco, 2008.
d http://www.thegoodscentcompany.com.
e Swiegers et al., 2009.
f King et al., 2010.
g Tominaga et al., 2000.

Table 4

Internal standard information.

Internal standards ISTD ID no RT

(min)

Target ion

m/z

Confirming ions m/z

(% to target Ion)

Purity of standards

(atom %)

CAS no Supplier

d5-Ethyl butanoate 1 11.78 93 34 (95), 106 (15) 100 – LU

d3-Isoamyl Acetate 2 14.85 46 90 (13), 76 (8) 100 – LU

d5-Ethyl hexanoate 3 19.36 93 74 (35), 34 (30) 100 – LU

d13-Hexan-1-ol 4 22.25 64 50 (42), 78 (31) 98 16416-34-5 Sigma

d5-Ethyl octanoate 5 26.95 106 74 (107), 134 (31) 99.9 – LU

d6-Benzaldehyde 6 28.28 82 112 (98) 110 (91) 98 17901-93-8 Sigma

d5-Ethyl decanoate 7 33.55 93 106 (37) 120 (7) 96.9 – LU

1-Phenyl-d5-alcohol 8 36.76 112 84 (89), 127 (28) 98 90162-45-1 Sigma

ISTD ID No. = Internal standard identification number.

RT = retention time (minutes).

LU = Lincoln University.
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butanoate, d5-ethyl hexanoate, d5-ethyl octanoate and d5-ethyl

decanoate) with the other three (d13-hexan-1-ol, d6-benzaldehyde,

and 1-phenyl-d5-alcohol) purchased commercially (Sigma-Aldrich

New Zealand Ltd). All of the other 15 (non-deuterated) standards

used to generate standard curves for quantitative analysis were

obtained from commercial suppliers Sigma-Aldrich New Zealand Ltd

and Merck New Zealand Ltd.

Standard solutions were prepared for each of the 15 aroma

compounds in 100% Ethanol (Scharlau Chemie SA, HPLC Grade ACS

ISO UV–VIS). The concentration of each standard solution was

individually selected so that when combinedwith the other standards

into a composite standard and then diluted to working strength, a

range of concentrations was achieved which fully spanned the

anticipated concentrations of the aroma compounds in the wine. Six

diluted standards were used to generate the calibration curve for each

aroma compound.

2.3.1.3. SPME fibre selection and conditioning. A 2 cm long Stableflex

DVB/CAR/PDMS combination SPME fibre (p/n 57348-U) was selected

for this current work (Supelco Bellefonte, PA, USA, through Sigma-

Aldrich Australia). Prior to use the SPME fibre was conditioned at

270 °C in the GCMS injection port for 1 h. Before each sample was

analysed the SPME fibre was conditioned in helium for 10 min at

270 °C in a fibre conditioning station attached to the Combi-Pal auto-

sampler used with the Shimadzu GCMS instrument.

2.3.1.4. Sample preparation. As for the methoxypyrazine analyses

(Parr, Green, et al., 2007), dilution of the wine sample with water was

required for the quantification of the other 15 aroma compounds.

Dilution helped prevent column overloading when using splitless

injection mode. This served to aid both the chromatography and the

SPME fibre extraction procedure as it reduced the competition

pressure for sites on the SPME fibre especially by ethanol. Sample

preparation involved pipetting 0.3 mL of wine and 8.66 mL of

deionised water into 20 mL SPME sample vials (a 30 fold dilution of

the wine), followed by 40 μL of the composite deuterated internal

standard solution. Crystalline sodium chloride (3.0 g) was added to

the SPME vial just prior to capping. Samples were incubated initially

for 10 min at 60 °C during which time the vial was agitated at

500 rpm. After 10 min the SPME fibre was exposed to the headspace

of the vial for a period of 60 min at 60 °C, during which time the

headspace volatiles were adsorbed onto the fibre. Desorption of these

volatiles occurred when the fibre was inserted into the GC injection

port for 5 min at 270 °C.

2.3.2. Thiol analysis

Analysis of thiols 3MH, 3MHA, and 4MMP, was performed by

dilution, SPME-GC–MS/MS method at Hill Laboratories in Hamilton,

New Zealand.

2.3.2.1. SPME-GC–MS/MS instrumentation. The GC–MS/MS employed

for the thiol analyses was an Agilent 7890A GC system coupled to a

7000A triple quadrupole mass spectrometer with an electron

ionisation source (Agilent Technologies, CA, USA) and a CTC CombiPal

auto-sampler (Agilent Technologies, CA, USA). Gas chromatography

was carried out on an HP-5MS capillary column (30 m×0.25 mm

i.d.×0.25 μm film thickness, Agilent Technologies, CA, USA). Injections

were in splitless mode, with a 0.75 mm i.d. glass liner (Restek, PA,

USA), at a temperature of 270 °C. The column oven was held at 40 °C

for 1 min during desorption of the SPME fibre, then ramped to 250 °C

at 20 °C min−1. The carrier gas was helium set to a constant flow

velocity of 1.5 mL min−1. The SPME conditions employed were

similar to those used by Fedrizzi, Versini, Lavagnini, Nicolini, and

Magno (2007) with one hour extractions at 40 °C using SPME fibres

(polyacrylate, 85 μm coating) supplied by Supelco (Bellefonte, PA,

USA). Thiol MS/MS parameters are given in Table 6. The m/z 134/82

MRM transition for 3MH appeared to be due to neutral loss of SH2

and H2O, whilst the m/z 100/82 transition was likely due to loss of

SH2 in the source then loss of H2O in the collision cell. The low

collision energies for 3MH resulted in clean chromatograms and low

baselines, compensating for the relatively poor SPME extraction of

3MH.

2.3.2.2. Thiol standards and other chemicals. The 3-mercaptohexan-1-

ol (3MH, 98%) and 4-mercapto-4-methylpentan-2-one (4MMP,

98%) standards were supplied by Penta (Livingston, NJ, USA) whilst

the 3-mercaptohex-1-yl acetate (3MHA) standard was supplied by

Atlantic Chemicals (Cornwall, UK). Methanol, ethanol, acetonitrile (all

Lichrosolv grade), and NaCl were obtained from Merck (Darmstadt,

Germany), K2HPO4 from J.T. Baker (Phillipsburg, NJ, USA) and

Na3PO4.12H2O from BDH (Poole, UK). Type 1 water was obtained

from a Sartorius 611UV unit (Sartorius Stedim, Aubagne, France).

Analytes were diluted appropriately to give calibration standards, in

10% v/v aqueous ethanol, that covered the concentration ranges found

in wines.

2.3.2.3. Sample preparation. Both the calibration standards (7 mL

volume prepared in 10% v/v aqueous ethanol) and wine samples

(6.5 mL) were pipetted into 10-mL SPME headspace vials (La Pha

Table 5

Quantification parameters for the 15 analytes.

Analyte ISTD used RT

(min)

Target ion

m/z

Confirming ions m/z

(% to target ion)

Calibration range μg/L

(1/30 dilution)

R2a Purity of standards

(%)

CAS no Supplier

Ethyl Acetate 2 6.51 61 70 (95), 73 (33), 88 (33) 0–16390 0.9999 99.5 141-78-6 Merck

Ethyl Isobutyrate 1 9.59 71 88 (36), 116 (28) 0–24 0.9998 99 97-62-1 Sigma

Ethyl butanoate 1 11.91 88 101 (16) 60.00 (34) 0–72 0.9998 99 105-54-4 Sigma

Ethyl pentanoate 1 15.71 88 85 (90), 101 (26) 0–0.32 0.9996 98 539-82-2 Sigma

Isoamyl Acetate 2 15.03 43 87 (23), 73 (18) 0–190 1.0000 99 123-92-2 Sigma

Isoamyl Alcohol 4 17.56 42 70 (89), 41 (82) 0–19517 0.9997 99 123-51-3 Sigma

Ethyl hexanoate 3 19.51 88 60 (33), 101 (25) 0–114 0.9996 98 123-66-0 Sigma

Hexyl Acetate 2 20.76 43 56 (54), 84 (20) 0–13 0.9991 99 142-92-7 Sigma

Hexanol 4 22.70 56 55 (48), 84 (5), 41 (36) 0–317 1.0000 99 111-27-3 Sigma

Trans-3-Hexen-1-ol 4 23.10 67 82 (64), 100 (5) 0–9.5 1.0000 98 928-97-2 Aldrich

Cis-3-Hexen-1-ol 4 23.78 41 67 (90), 82 (43) 0–19 0.9999 98 928-96-1 Fluka

Ethyl octanoate 5 27.10 101 70 (79), 129 (29) 0–244 0.9985 99 106-32-1 Sigma

Benzaldehyde 6 28.17 77 106 (97), 51 (44) 0–1.3 0.9998 98 100-52-7 Sigma

Ethyl decanoate 7 33.67 88 101 (37), 115 (8) 0–52 0.9999 99 110-38-3 Sigma

Phenylethyl Alcohol 8 39.43 91 92 (62), 122 (31) 0–1955 1.0000 99 60-12-8 Sigma

a All fitted standard (calibration) curves were Quadratic functions.
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Pack, Germany). Internal standard “spikes” were added along with

phosphate buffer (1.6 M, pH 12) to the samples to give a pH of 6.5–7.0.

Sodium chloride (1.4 g) was added to all vials immediately prior to

capping for SPME analysis.

2.4. Data analyses: sensory tasks

2.4.1. Sorting task

Data from both the non-directed and directed sorting tasks were

converted into similarity matrices by summing over all participants

the number of times each pair of wines was sorted into the same

group. This produced two matrices, one for each task. Data were

missing for two wines for one participant in the non-directed sorting

task, and for one wine for each of two participants in the directed

sorting task. Data were analysed with and without these participants'

data, with the differences being extremely minimal. Data are

presented here with the data from all participants included. These

matrices were analysed with multidimensional scaling (MDS)

implemented by the PROXSCAL procedure in SPSS 18. A simple

Euclideanmodel applied to ordinal data was used where ties were not

constrained to be kept tied. The matrices were then submitted to a

Wards Method hierarchical cluster analysis (HCA) to identify groups,

which were then drawn on the MDS space. Similarity between the

two MDS solutions was tested with the RV Coefficient (Robert &

Escoffier, 1976), which is a multivariate generalisation of the

correlation coefficient. The coefficient was computed in R 2.5

(www.r-project.org) following the formula in Abdi (2007). The RV

Coefficient ranges between 0 and 1, with values closer to 1 indicating

higher degrees of similarity. Good agreement has been reported with

values from .68 (Tang & Heymann, 2002) upward.

2.4.2. Experimenter-provided descriptors

Intensity ratings to VAS scales for each experimenter-provided

flavour descriptor were quantified in terms of a number between zero

and 100, with 0.5 gradations. Ratings of wine structure (palate weight;

acid/flavour balance) and typicality (Marlborough; European) were

similarly quantified. Ratings were then collapsed over replication,

creating a complete dataset (an extremely small proportion of intensity

ratingswere absent across the data). Differences as a function of country

were examined with analysis of variance (ANOVA) performed on each

descriptor using a mixed model with participant and wine as random

factors and country as a fixed factor, with wine nested within country.

2.5. Data analysis: chemical characterisation

For the thiols, concentrations below the SPME-GC–MS/MS detec-

tion threshold of 10 ng L−1 were replaced with values of 10 ng L−1

for analysis. Differences as a function of country were examined with

ANOVA performed on concentrations with country serving as a fixed

factor.

2.6. Data analysis: relationship between sensory and volatile aroma

compounds

Partial least squares regression (PLSR) was carried out predicting

sensory descriptors (Y) with chemical concentrations (X), using the

Python plug-in for SPSS 18. Due to a lack of variation in the

concentrations of 4MMP (only 4 of 18 wines exceeded the SPME-

GC–MS/MS detection threshold) this compound was excluded from

the final model.

3. Results

3.1. Sensory characterisation

3.1.1. Sorting task

Two dimensional solutions provided optimal solutions for both

non-directed and directed sorting tasks with normalised raw stress

values of .01 and .02 respectively. Fig. 1a and Fig. 1b shows results

from the non-directed and directed sorting tasks respectively. In the

non-directed sorting, participants clearly differentiated French and

New Zealand wines which is reflected in Dimension 1, with Austrian

wines falling midway between French and New Zealand wines.

Clustering reinforced this distinction, with all but one wine being

correctly clustered in terms of national origin. This pattern of results

strongly argues that participants were sensitive to sensory differences

in thewines as a function of wine origin, despite not being informed of

the different origins of the wines. In support of this, a brief analysis of

the descriptors given by participants as the criteria that they

employed to achieve the sorting classifications suggests that origin

was not explicitly a salient dimension. Of the nineteen participants,

five made some reference to source of origin, employing the

terms “European style”, “Old world wines”, “Marlborough”, “not

Marlborough”, and the names of Marlborough sub-regions (e.g.,

“Awatere”; “Rapaura”; “Wairau”) as criteria they employed to classify

the wines. Rather than explicitly employing the extrinsic quality of

vineyard location or wine origin as a sorting criterion, the majority of

participants focused on specific intrinsic qualities (Charters &

Pettigrew, 2007) pertaining to the wines themselves such as green

characters (“green”, “herbaceous” and “capsicum”), ripe characters

(most frequently “tropical” and “passionfruit”), perceived minerality,

wine balance, and palate weight to separate the wines into categories.

Participants produced on average 4.4 groups or categories (range

2–7), with New Zealand and Frenchwines usually not members of the

same group. On average, each New Zealand wine was grouped with

any other New Zealand wine by 9.6 (of 18) participants, with a similar

level for French wines (9.1). In contrast, only 1.4 of 18 participants

grouped any New Zealand wine with a French wine. Austrian wines

were less discriminable, being grouped approximately equally often

with other Austrian wines (4.4 of 18), French wines (4.2) or New

Zealand wines (4.5).

Fig. 1b presents the same type of results but for the directed

sorting task where participants were explicitly instructed to sort into

French, Austrian, and New Zealand groups. French and New Zealand

Table 6

GC–MS/MS parameters for analysis of thiols in wine.

Analyte RT

(min.)

MRM transitions (m/z)

Quantifier, qualifier

(% of quantifier)

Collision energies

(eV)

% Spike recoveriesa

(mean±2×SD, N=11)

Detection limitsb

(ng/L)

4-MMP 4.21 75.0/41.0, 89.0/55.0 (70) 12, 7 82±37 (50 ng/L) 10

3-MH 5.77 134.0/82.0, 100.0/82.0 (169) 1, 1 98±6 (2500 ng/L) 100

3-MHA 6.69 116.0/88.0, 88.0/59.0 (106) 2, 8 103±14 (500 ng/L) 10

a For spikes on 11 different Sauvignon blanc wines of New Zealand origin.
b Based on ≥3×peak-to-peak signal-to-noise for the less intense MRM transition.
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wines were again well differentiated on Dimension 1. In particular,

the New Zealand wines were very tightly clustered, reflecting

confident and accurate sorting of New Zealand wines by most

participants. 78% of New Zealand wines were sorted as New Zealand,

and only 4% mis-sorted as French. Accuracy for correctly identifying

French wines was lower at 54%, but only 8% were mis-sorted as New

Zealand. In contrast, Austrian wines were sorted near chance, with

35% labelled as Austrian and 35% labelled as New Zealand. This is

reflected in the greater variation in the location and clustering of

Austrian wines.

Overall, the MDS configurations from the two tasks were very

similar (RV=.78), and despite the differing instructions, serve as a

partial replication. For the Austrian wines, both non-directed and

directed solutions reflect less certain sorting of these wines. A further

key feature of the two MDS configurations is the extent to which

wines and nationalities are largely differentiated on the first

dimension, which is a clear continuum from French to New Zealand

Sauvignon blanc with Austrian wines in the middle. That is, rather

than the Austrian wines being clearly separated by the second

dimension, which would be more likely if they were perceived as a

qualitatively different grouping, they were located midway between

New Zealand and French wines.

3.1.2. Experimenter-provided descriptors

Table 7 shows how wines from each country were perceived, on

average, in terms of intensity of the sensory characteristics provided

to participants for rating. Consistent with our prior studies, the New

Zealand wines were rated highly on the ‘green’, boxwood and

passionfruit notes, and as having good acid/flavour balance, palate

weight and Marlborough typicality. Conversely, the French wines

were distinctive in terms of flinty/smoky/mineral character and

European typicality. The French Sauvignons employed in this study

were further notable in an overall absence of both fruity and green

notes (except for leafy/stalky/vegetal). The Austrian wines showed

some characteristics in keeping with each of the New Zealand and

French wines. The Austrian wines were characterised by strong ripe/

fruity characters, notably stone-fruit and tropical. The Austrian wines

were rated similar in intensity to New Zealand wines for grapefruit/

citrus characters, and for good acid/flavour balance and good palate

weight. On the other hand, Austrian wines separated from New

Zealand wines with respect to the green profile, showing lower

intensities across all green notes, in particular leafy/stalky/vegetal.

With respect to similarity to the French wines, the Austrian wines

received relatively high intensity ratings for mineral/smoky/flinty

notes and for European typicality. The combination of several sensory

characteristics dominant in French or New Zealand wines likely

explains the intermediate position of the Austrian wines in Fig. 1.

3.2. Chemical characterisation

In keeping with the fruity/riper perceived characteristics reported

above for New Zealand and Austrianwines, Table 8 shows thesewines

as having significantly higher levels of ethyl and acetate esters than

the French wines. For some specific compounds, the New Zealand

wines were higher, whilst for others the Austrian wines had higher

concentrations. The Austrian wines also showed higher concentra-

tions of 4MMP.With respect to differentiating aspects of New Zealand

wines, concentrations of ethyl pentanoate, hexyl acetate, 3MH and

3MHA were relatively high, the latter two compounds typically

associated with New Zealand Sauvignon characters of passionfruit

and boxwood (Lund et al., 2009). The New Zealand wines also

exhibited the highest levels of all tested compounds associated with

green flavours (see Table 3). The Austrianwines appeared least ‘green’

in terms of chemical concentrations, with lower concentrations of

some specific compounds (e.g., cis-3-hexen-1-ol; hexanol) than the

French wines. This result supports the perceived ripe flavour profile of

the Austrian wines reported above in the sensory results. Finally, the

French wines had the highest concentrations of a number of

compounds that are not clearly associated with either ripe fruit or

green perceived characteristics, namely ethyl isobutyrate, benzalde-

hyde, phenethyl alcohol, and isoamyl alcohol.
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Fig. 1. Wines plotted in MDS space with HCA clusters represented with ellipses for a) Non-directed and b) directed sorting tasks. To facilitate comparison, scores on Dimension 1

were reversed for the directed plot.

Table 7

Mean perceived intensity for each sensory character as a function of country of wine

origin. Bolded values indicate the country of wine origin demonstrating the highest

intensity of a perceived characteristic. Values not sharing the same subscript differ at

pb .05.

New Zealand Austria France LSD

α=.05

Stone-fruit⁎⁎ 44.3b 52.5a 41.1b 3.6

Grapefruit/Citrus⁎⁎ 53.6a 55.6a 48b 3.7

Tropical⁎⁎ 50.4b 55.1a 39.0c 4.1

Passionfruit⁎⁎⁎ 53.0a 47.7b 31.5c 4.4

Acid/Flavour balance⁎⁎⁎ 58.0a 54.6a 42.3b 4.0

Palate weight⁎⁎⁎ 57.6a 55.5a 42.1b 3.9

Marlborough typicality⁎⁎⁎ 67.7a 51.4b 31.4c 4.0

Boxwood/Broom/Sweaty⁎⁎⁎ 59.1a 46.4b 39.3c 4.3

Gooseberry⁎⁎⁎ 57.8a 42.9b 33.5c 4.2

Herbaceous⁎⁎⁎ 59.6a 40.1b 37.0b 3.8

Grassy⁎⁎⁎ 54.1a 35.3b 34.9b 3.9

Green capsicum⁎⁎⁎ 56.9a 36.2b 32.8b 4.2

Leafy/Stalky/Vegetal⁎⁎⁎ 52.1a 36.7c 42.6b 4.4

Mineral/Smoky/Flinty⁎ 52.1b 56.1ab 59.5a 4.1

European typicality⁎⁎⁎ 34.3c 45.6b 54.5a 4.8

⁎⁎⁎ pb .001 (country factor in ANOVA).
⁎⁎ pb .01 (country factor in ANOVA).
⁎ pb .05 (country factor in ANOVA).
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3.3. Relationship between sensory and volatile aroma compounds

To determine whether the sensory differences as a function of

wine origin reported above were related to some chemical com-

pounds or groups of compounds, partial least squares regression

(PLSR) was conducted on the sensory (intensity ratings to experi-

menter-provided descriptors) and chemical data (concentrations).

The first two PLSR components explained 67% of the X-variance and

65% of the Y-variance, with subsequent components contributing only

minimal additional explanation. Fig. 2 shows the chemical and

sensory space overlaid, with the wines projected on to that space.

As with the MDS results, there was a very clear differentiation

amongst the wines as a function of country of origin. French and New

Zealand wines were clearly distinguished on Component 1, with

Austrian wines being more intermediate. However, in contrast to the

MDS, in addition to the intermediate position on Component 1,

Austrian wines were also largely distinguished by higher scores on

Component 2. Interpreting this in terms of the sensory space, the

French wines occupied an area characterised by high perceived

minerality and perception of high European typicality. Conversely, the

New Zealand wines occupied a space characterised by green

capsicum, grassy, herbaceous, boxwood, gooseberry, and perceived

high Marlborough typicality. The Austrian wines were in a space

characterised by riper stone-fruit, grapefruit and tropical flavours, as

well as an absence of leafy/vegetal characters. Both New Zealand and

Austrian wines were more associated with passionfruit, good balance,

and good palate weight in contrast to the French wines. Finally, the

projection of the chemical compounds onto the PLSR components

suggests associations between some chemical compounds and some

sensory characteristics. The ‘greenest’ flavours, the leafy/vegetal

characters, and other green characters, namely green capsicum,

herbaceous, and grassy projected on the same quadrant of the PLSR

plot as IBMP, cis-3-hexen-1-ol, ethyl pentanoate, hexanol, hexyl

acetate, and to a lesser extent trans-3-hexen-1-ol. The perceived

European character of the French wines and perceived minerality

projected in the same area as benzaldehyde, ethyl isobutyrate,

isoamyl alcohol, and phenylethyl alcohol. The remaining chemical

compounds, primarily acetate esters and thiols, projected close to the

perceived tropical, passionfruit and boxwood characters. It is

important to note that some of the relations observed on the PLSR

plot might not be causal. This is particularly so for compounds of low

concentration and for compounds such as ethyl pentanoate and hexyl

acetate whose role in wine aroma is far from clear. None-the-less, it

should also be noted that compounds at low concentrations may play

a role in conjunction with other compounds to influence perceived

aroma of a wine.

4. Discussion

The present study investigated the influence of geographical origin

on the sensory characteristics and volatile composition of Sauvignon

wines from three distinct sources of origin. Results confirm that

geographical location influenced the volatile composition and

perceived sensory profiles of Sauvignon wines.

Wines from the three countries, namely Austria, France and New

Zealand, were distinguishable by both sensory and chemical means.

Sauvignons from Marlborough, New Zealand, that study participants

associated with a green sensory profile including green capsicum,

herbaceous, grassy, and leafy, were higher in concentrations of

isobutylmethoxypyrazine and some other fermentation-derived

compounds (cis-3-hexen-1-ol, hexanol, trans-3-hexen-1-ol). The

New Zealand wines were also significantly higher in concentrations

of thiols 3MH and 3MHAwhich associated in themultivariate analysis

output with perceived notes of gooseberry and boxwood, these latter

characteristics previously having been associated by other authors

with volatile thiols in wine (e.g., Swiegers et al., 2009; Tominaga et al.,

2000). These results are in keeping with those of Lund et al. (2009)

who reported relatively high concentrations of volatile thiols 3MH

and 3MHA and of IBMP in New Zealand wines in comparison with

Sauvignon wines from Australia, France, Spain, United States and

South Africa. This overall result is in keeping with prior research that

has argued that the combination of fruity and green perceived

characters is the hallmark or distinguishing feature of New Zealand's

Marlborough Sauvignon blanc wine (Parr, Green, et al., 2007).

French Sauvignons were also highly distinctive, characterised by

perceived minerality and by lower levels of compounds typically

associatedwith either a green flavour profile or a fruity flavour profile.

The chemical analyses showed higher levels of compounds benzal-

dehyde, phenylethyl alcohol, isoamyl alcohol, and ethyl isobutyrate in

Table 8

Mean concentrations of chemical compounds by country (ng/L for 4MMP, 3MH, 3MHA

and IBMP; μg/L for all other compounds). Bolded values indicate the country of origin

demonstrating the highest mean concentration of each compound. Countries not

sharing the same subscript differ at pb .05.

New Zealand Austria France LSD

α=.05

Ethyl octanoate 3705.4 3680.1 3257.2 798.8

Ethyl decanoate⁎ 1572.4a 1505.1a 1183.8b 297.2

Ethyl hexanoate⁎ 1549.7a 1418ab 1128.7b 298.3

Ethyl acetate⁎ 115100.4a 98210.7ab 81586.8b 22329.2

Ethyl butanoate† 461.2ab 474.1a 348.9b 114.2

Isoamyl acetate† 1464.9ab 1624.9a 925b 582.4

4MMP† 10.2b 18.7a 10.0b 8.3

Ethyl pentanoate⁎⁎⁎ 1.13a 0.64b 0.75b 0.22

Hexyl acetate⁎⁎⁎ 207.6a 126.6b 72c 51.9

3MH⁎⁎ 3954.2a 791b 867.5b 1965.6

3MHA⁎⁎⁎ 98.2a 14.3b 10b 40.2

Trans-3-Hexen-1-ol⁎⁎ 95.5a 47b 61.7b 26.0

Cis-3-Hexen-1-ol⁎⁎⁎ 428.4a 115.3c 204.9b 74.6

Hexanol⁎⁎⁎ 2542.8a 1290.1c 1874.4b 414.2

IBMP⁎⁎⁎ 18.6a 1.4b 0.8b 4.0

Ethyl isobutyrate 171.4 121.4 191.4 80.3

Benzaldehyde⁎⁎⁎ 11.4b 23.8b 52.7a 15.1

Phenylethyl alcohol⁎⁎⁎ 14807.4b 15614.5b 28803.1a 6707.4

Isoamyl alcohol⁎⁎⁎ 131990.8b 143526.5b 182997.3a 15164.5

⁎ pb .05 (country factor in ANOVA).
† pb .10 (country factor in ANOVA).

⁎⁎⁎ pb .001 (country factor in ANOVA).
⁎⁎ pb .01 (country factor in ANOVA).
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Fig. 2. Partial Least Squares Regression (PLSR) of volatile compounds' concentrations to

predict sensory characteristics. X and Y loadings weights for Components 1 and 2, with

wines by country projected onto the shared space.
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the wines. The wines from Austria were somewhat in-between the

wines from New Zealand and France, both in volatile composition and

in perceived characteristics. Wines from Austria were perceived to be

relatively high in fruity notes, and as having good balance and good

palate weight in keeping with the New Zealand wines but to have an

absence of the greener notes that exemplified the New Zealandwines.

The fruity notes in the Austrian wines differed qualitatively from

those reported for the New Zealand wines, with the riper character-

istics of tropical and stone-fruit perceived by the participants as high

in the Austrian wines. These sensory, fruity/ripe characteristics

associated in the multivariate analysis with higher levels of the

esters: ethyl acetate, ethyl butanoate, ethyl octanoate, ethyl decan-

oate and isoamyl acetate, all associated by previous authors with

fruity (banana; apple) and confectionary characteristics. Austrian

wines also exhibited marginally higher concentrations of the thiol

4MMP, typically associated with the perceived note of boxwood

(Tominaga et al., 2000) or a sweaty/cat urine note, than did either

French or New Zealand wines. In common with the French wines, the

Austrian wines were perceived to be high in sensory characteristics

conceptualised as reflecting minerality.

Multivariate statistical methods produced output revealing per-

ceptual separability of the wines from Austria, New Zealand and

France when participants rated perceived intensity of experimenter-

provided descriptors previously associated with Sauvignon wines.

Contrary to our hypothesis, a relative lack of familiarity with the

Austrian wines did not prevent participants separating the Austrian

wines by sensory means from the French and New Zealand wines in

terms of intensity of specific descriptor ratings. These results suggest

that although lack of experience inhibits participants when judging

typicality or classifying a wine from a specific geographical location, it

does not prevent experienced participants from discriminating

specific differences amongst the wines. The global tasks where the

eighteen wines were classified into meaningful groups (non-directed

sorting) or classified on the basis of origin (directed sorting) produced

data demonstrating again that French and New Zealand wines were

discriminable as different. In these tasks however the wines from

Austria appeared somewhat more difficult for study participants to

classify. The non-directed sorting task in particular produced sensory

data that conceivably result from the relative lack of experience and

therefore confidence that the New Zealand wine-professional partic-

ipants had with respect to classifying Austrian Sauvignon wines. In

terms of a cognitive analysis, the present data argue that the lack of

domain-specific knowledge disadvantaged a participant with respect

to their ability to contribute top-down skills (Dalton, 2000) to the

classification sensory evaluation task, but that this did not inhibit

data-driven processing implicated in the sensory task where

participants judged relative intensities of specific flavour attributes.

The sources of the differences in chemical composition of the

Sauvignon wines from Austria, New Zealand and France are likely to

be many, ranging from physical (e.g., soil types) to cultural

(viticultural and oenological practices) and are not able to be

determined in the present study. Swiegers et al. (2009) have argued

that the ‘green’ characters in Sauvignon blanc can be manipulated

through vineyard management techniques. Recent data from a

longitudinal, viticultural study in New Zealand, in which viticultural

practices have remained constant across five Marlborough vineyard

sites, suggest that site or location of a vineyard can also be a major

determinant of increased concentration of IBMP and perceived green

aromas (Trought et al., 2010). Further, variation in concentration of

fusel alcohols, fusel alcohol acetates, isoacids and ethyl esters in wine

must has been reported by Ferreira (2010, p. 8) as related to varietal

origin of themust. With respect to oenological operations, Swiegers et

al. have argued that the ‘tropical fruity’ characters perceived in

Sauvignon appear largely dependent on yeast strain during alcoholic

fermentation. For example, Saccharomyces bayanus strains have been

shown to releasemore 4MMP than some other yeast strains (Swiegers

et al., 2009). Current research in New Zealand is underway to consider

factors, both oenological and viticultural, implicated in the relatively

high concentrations of certain aromatic compounds, in particular

IBMP and the thiols 3MH and 3MHA, in New Zealand Sauvignons.

Finally, it is an important qualification of the current work to note

that only six wines from each country were investigated. Despite the

low number of stimuli in the wine sample set, the results can be

considered robust; the sensory data reported above are very much in

keeping with sensory profiles of wines from the same regions of

France and New Zealand in several prior studies where both New

Zealand (Parr, Green, et al., 2007) and French (Parr et al., 2010)

participants evaluated the wines. Further, the relatively high levels of

the volatile compound IBMP in the New Zealand Sauvignons is

consistent with data produced by Parr, Green, et al. (2007) and by

Lund et al. (2009). A second qualification of the present work is the

limited number of chemical compounds that were quantified.

Methanethiol and some other small mercaptans that could be

associated with perceived mineral/flinty notes in white wines were

not quantified in the present study. Quantification of methanethiol

and a number of other sulphur compounds in Sauvignon blanc wines

from France and New Zealand is currently underway in a new study in

our laboratories.

5. Conclusions

Results indicate that geographical origin can influence volatile

composition and sensory profile of Sauvignon blancwines. Inherent to

the concepts of wine typicality and terroir is the notion that along

with grape varietal, geographical source is an important contributor to

the final expression of a grape variety in a finished wine. The present

data support this assumption, and argue further that relative absence

of experience of a wine style or type does not prevent an experienced

wine taster from discriminating the distinguishing characteristics in a

wine. Understanding the salient and different sensory characteristics

and the volatile composition of same-varietal wines from varying

geographical locations has the potential to assist wine producers and

consumers in both Europe and the New World (e.g., Australia; New

Zealand) where fine food and beverage products with designated

origin are in demand.
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