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Abstract: Sparkling wine represents a small but significant proportion of the Australian wine
industry’s total production. Yet, Australia remains a significant importer of French Champagne.
This study investigated consumer preferences for Australian sparkling wine vs. French Champagne
and any compositional and/or sensorial bases for these preferences. A range of French and Australian
sparkling wines were analyzed by MIR spectroscopy to determine if sparkling wines could be
differentiated according to country of origin. A subset of wines, comprising two French Champagnes,
a French sparkling wine and three Australian sparkling wines, were selected for (i) descriptive
analysis to characterize their sensory profiles and (ii) acceptance tests to determine consumer liking
(n = 95 Australian wine consumers). Significant differences were observed between liking scores;
on average, the $70 French Champagne was liked least and the $12 Australian sparkling wine
liked most, but segmentation (based on individual liking scores) identified clusters comprising
consumers with distinct wine preferences. Interestingly, when consumers were shown wine bottle
labels, they considered French wines to be more expensive than Australian wines, demonstrating a
clear country of origin influence.

Keywords: Champagne; consumer preferences; descriptive analysis; mid-infrared spectroscopy;
principal component analysis; sparkling wine

1. Introduction

Traditional sparkling winemaking, i.e., via the Méthode Champenoise (in Champagne, France)
or the Méthode Traditionelle (elsewhere), involves two successive fermentations [1]. During primary
fermentation, grape must is transformed into base wine; secondary fermentation then occurs (in the
bottle) following addition of liqueur de tirage (a suspension of yeast and sugar), to generate the carbon
dioxide required to give the essence of sparkling wine, i.e., the ‘bubble’. However, the compositional
changes that occur during ageing on yeast lees typically determine the sensory and foaming properties
of sparkling wine and, therefore, sparkling wine style and quality [1].

Sparkling wine has accounted for almost 10% of Australian domestic wine production since
the late 1980s [2] and represents a market niche for which there is growing consumer interest.
Between 2000 and 2015, the number of Australian sparkling wine producers increased from 341
to 1015 [3], and annual production in 2014 reached 35 ML [2]. Yet, Australia remains a significant
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importer of French Champagne; in 2012, almost 20% of Australian sparkling wine sales (by value)
comprised Champagne [4]. Champagne has a clear target market (the affluent), functional quality
(due to strict production control and product consistency), product positioning, and brand protection
(exclusivity) [5]. Not surprisingly, Champagne remains the unequivocal benchmark for sparkling wine
around the world.

The composition and sensory properties of wine, including sparkling wine, are complex and
depend on a range of factors including grape variety, regional climate, production methods, packaging,
and storage conditions. It is therefore not surprising that wine marketing and consumer behavior
researchers agree that purchasing wine involves risk [6,7] and that consumers tend to rely on extrinsic
cues, such as price, packaging, labelling, and brand, to evaluate quality and mitigate risk [8,9].
Prior consumption, wine style, grape variety, occasion, and price are factors that typically influence
wine consumers’ purchasing and consumption behavior [10,11]. However, country of origin has also
been shown to influence consumer perceptions of wine quality [12,13]. The use of geographical origin
information in marketing strategies and wine bottle labelling can afford quality differentiation [14]
that influences consumer decision-making and, therefore, wine sales [15]. Country of origin effects
are considered especially important where products have an established cultural heritage and there is
high-low culture distinction [7] as is undoubtedly the case for Champagne. The tradition, heritage,
and prestige associated with the Champagne brand infer superior product quality and reliability,
whereas Australian sparkling wine brands are comparatively unknown and therefore represent a
purchase risk [16] despite premium Australian sparkling wines being made from the same grape
varieties (Chardonnay, Pinot Noir, and Pinot Meunier) and production methods (Méthode Traditionelle)
employed in France to produce Champagne. Quality perceptions of sparkling wine are also closely
associated with consumers’ wine involvement, i.e., highly involved consumers recognize brand names
as trademarks of quality for which they are willing to pay a premium [5].

Previous research has investigated the influence of grape variety, yeast selection, and lees ageing
on sparkling wine composition and/or sensory properties [17-25], albeit these studies largely focus
on French Champagne or Spanish Cava. To date, compositional comparisons between Australian
sparkling wine and French Champagne have not been reported in the literature. Mid-infrared (MIR)
spectroscopy has previously been used to discriminate wines according to grape variety [26,27] or
geographical origin [28-30], and, in the case of sparkling wine, according to production method and
wine style [31]. This study aimed to investigate consumer preferences for Australian sparkling wine
vs. French Champagne and to define any compositional and/or sensorial drivers for these preferences
using a combination of MIR spectroscopy and principal component analysis (PCA), together with
descriptive analysis (DA).

2. Materials and Methods

2.1. Chemical Analysis of French and Australian Sparkling Wines

A range of commercially available French (n = 24) and Australian (n = 21) sparkling wines were
sourced from Australian wineries or wine stores. French wines comprised Champagnes (1 = 23) priced
from $40 to $135 and a $12 sparkling wine (from Beaune); while Australian wines comprised Méthode
Traditionelle sparkling wines (n = 20) priced from $25 to $90 (from wine regions across Australia)
and a $12 sparkling wine (made via the Charmat method). All wine prices are for 750 mL bottles in
Australian dollars (AUD).

2.1.1. Basic Wine Composition

Samples were degassed using an ultrasonic bath (Sonorex Digitec DT 1028F, Bandelin Electronic
GmbH & Co. KG, Berlin, Germany) according to methods described previously [31] and basic
composition determined [32]. The pH and titratable acidity (TA, expressed as g/L tartaric acid)
of degassed wines were measured with an autotitrator (Compact Titrator, Crison Instruments
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SA, Allela, Spain). Ethanol content (% alcohol by volume, abv) was measured with an alcolyzer
(Anton Paar, Graz, Austria). Residual sugar (i.e., glucose and fructose) were measured enzymatically
(Boehringer-Mannheim, R-BioPharm, Darmstadt, Germany) with a liquid handling robot (CAS-3800,
Corbett Robotics, Eight Mile Plain, Qld, Australia) and spectrophotometric plate reader (Infinite M200
Pro, Tecan, Grodig, Austria). Total phenolics were measured as the absorbance of wine at 280 nm using
a UV-Vis spectrophotometer (GBC Scientific Equipment, Melbourne, Australia).

2.1.2. Attenuated Total Reflectance Mid-Infrared Spectroscopy (ATR-MIR)

Sparkling wine samples (degassed, ca. 0.5 mL) were scanned using a platinum diamond
ATR single reflection sampling module cell mounted in a Bruker Alpha instrument (Bruker Optics
GmbH, Ettlingen, Germany). The MIR spectra of samples were recorded using OPUS software
(Version 7, Bruker Optics) by taking the average of 32 scans at a resolution of 8 cm~!, acquired
between 4000 and 400 cm~!, with a scanner velocity of 7.5 kHz and a background of 32 scans.
Background reference spectra were recorded using air every 4 samples. MIR spectra were then exported
from OPUS into The Unscrambler (Edition 10.2, CAMO ASA, Oslo, Norway) for chemometric analysis.
Spectra were pre-processed using the second-derivative transformation, the Savitzky-Golay derivation,
and smoothing (20-point and 2"4-order filtering operation) to reduce baseline variation and to enhance
spectral features. PCA was performed on both the entire spectral range (4000 to 400 cm~!) and the
MIR ‘fingerprint’ (i.e., 1500 to 900 cm™1).

2.2. Sensory Analysis of French and Australian Sparkling Wines

A subset of six sparkling wines, comprising 2 French Champagnes (hereafter referred to as
‘F$70” and ‘F$40"), the French sparkling wine (hereafter ‘F$12’), two Australian Méthode Traditionelle
sparkling wines (hereafter ‘A$70” and ‘A$40’), and the Australian Charmat sparkling wine (hereafter
‘A$12’) were selected for sensory analysis. Sensory studies were approved by the Human Research
Ethics Committee of the University of Adelaide (H-2012-150).

2.2.1. Descriptive Analysis (DA)

Sensory profiles of the subset of 6 sparkling wines were determined by DA in a purpose-built
sensory laboratory. An existing sparkling wine DA panel comprising ten panelists (9 females and
1 male), ranging in age from 23 to 55, was assembled. This panel had previously undergone 12 h of
training for DA of Australian sparkling white wines [31] which involved identification of appropriate
sensory attributes and reference standards, scale use, and recognizing and scoring the intensity
of sensory attributes. In the current study, panelists underwent four hours of additional training
during which attributes were generated for the subset of sparkling wines and panelist performance
(i.e., reproducibility and repeatability) was evaluated. The aroma and flavor intensity of eleven
attributes (citrus, tropical, floral, confectionary, yeasty, toasty, meaty/savoury, mushroom/earthy, honey, vanilla
caramel, and aged/developed) were evaluated, together with the intensity of two additional aroma
attributes (stone fruit and pome fruit) and three palate attributes (sweetness, acidity, and complexity).
Where reference standards were used, their preparation is shown in Table 1.

Formal evaluations commenced when panel performance gave good agreement (based on panelist
by sample interactions). Two formal evaluation sessions were held, with 9 wines presented in each
session, such that all wines were assessed in triplicate (i.e., 18 samples total per panelist). Wines (30
mL) were assigned random three digit codes and served at 5 °C, in covered XL5 (ISO standard) 215 mL
stemmed wine glasses (as per training sessions), using a randomized presentation order, with wines
presented in brackets of three to minimize warming and loss of carbon dioxide. Panelists evaluated
wines in isolated tasting booths at 22-23 °C and recorded the intensity of each sensory attribute using
FIZZ data acquisition software (Version 2.47b, Biosystéems, Couternon, France) and 15 cm unstructured
line scales with anchor points of ‘low” and ‘high’ placed at 10% and 90% on the scale, respectively.
To prevent sensory fatigue, 45 second breaks were enforced between samples and 3 minute breaks
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between brackets. Panelists were provided with filtered water and plain crackers for use as palate
cleansers. Reference standards were available to panelists throughout final evaluations. Sensory data
were exported from FIZZ for statistical analysis using SENPAQ software (Version 5.01, Qi Statistics,
Reading, United Kingdom).

Table 1. Attributes and reference standards used in descriptive analysis of sparkling wines.

Aroma Attribute

Descriptors

Reference Standard 2

Citrus P

Lemon, grapefruit, lime,
orange, mandarin

Grapefruit 4.5 g + lemon 3.0 g + lime 2.0 g + orange 3.0 g

Stone fruit P

Apricot, nectarine, peach, white peach

Dried peach and apricot mixture 8.3 g + fresh nectarine
4.2 g + fresh peach 3.8 g + fresh apricot 3.0 g

Tropical fruit

Pineapple, melon, lychee,
banana, passionfruit

Rock melon 5.8 g (pulp + seeds) + lychee 2.3 g + lychee
juice 1 mL + pineapple 5.6 g + pineapple juice
1 mL + passionfruit 3.0 g

Pome fruit P

Apple, pear

Apple 6.0 g + pear 6.0 g

Rose water % tablespoon + two jasmine flower petals +

Floral Rose, perfume, blossom, honeysuckle two rose flower petals + rose flower stamen 0.3 g
' Turkish delight, bubble gum, musk, Lollies 3:5 g (half eac.h of yellow, green a.nd re? snakes’,
Confection . cut into small pieces) + Turkish delight (3 of a
sherbet, strawberries and cream , 4
Cadbury’s square)
. Cooked bacon pieces 2.0 g + a quarter of one
Savoury/meaty Savoury, meaty, vegemite, soy smoked almond
Mushroom/earthy Mushroom, earthy Mushroom 2.0 g + earth 0.2 g
Honey Honey Honey 1.35 g
Yeasty Dough Dried yeast 0.1 g
Toasty Biscuit, bread, brioche, buttery, popcorn ~ Toasted bread 1.5 g + a quarter of a milk coffee biscuit
Vanilla/caramel Vanilla, caramel, coconut, spice/clove Coconut (fine desiccated) 0.4 g + vanillin 0.05 g
Aged/developed Nutty, kerosene, developed, 20 mL of aged sparkling white wine with a

Muscat/port, acetaldehyde notable kerosene character

2 Standards prepared in 20 mL of Chardonnay wine (except for the aged /developed standard); ® All components
were used, i.e., pulp and peel.

2.2.2. Consumer Acceptance Testing

Wine consumers (1 = 95, 61 female, 34 male) were recruited using a variety of methods, including
flyers, social networking sites (e.g., Facebook), and email. Participants were screened against inclusion
criteria requiring regular sparkling wine consumption (i.e., on at least twelve occasions per year),
being of legal drinking age (i.e., >18 years of age), and of Australian residency. Acceptance tests were
conducted during focus groups that investigated wine consumers’ perceptions of Champagne and
sparkling wine and purchasing behavior. The tests were held in sensory laboratories at either the
University of South Australia or the University of Adelaide. During the focus groups, consumers
answered demographic questions regarding their gender, age, education, and household income.
Consumers were then asked to rate their hedonic liking of the selected sparkling wines using 9-point
scales with anchors at 1 = “dislike extremely’, 5 = ‘neither like nor dislike’, and 9 = ‘like extremely’.
Prior to wine evaluation, consumers were instructed on how to assess the wine and to use the hedonic
scale. Consumers were also asked to indicate how much they would expect to pay for a 750 mL bottle
of each wine (i.e., from <$10 to >$100, given as $10 increments) and whether they believed the wine
to be French or Australian in origin. Wines (30 mL) were assigned random three digit codes and
served at 5 °C, in covered 160 mL stemmed sparkling wine glasses, using a randomized presentation
order, with wines presented in brackets of three to minimize warming and loss of carbon dioxide.
Filtered water and plain crackers were provided as palate cleansers. Consumers were, lastly, presented
with the front labels of each wine and again asked to indicate how much they would expect to pay for
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a 750 mL bottle (from <$10 to >$100, given as $10 increments). Participants were not informed that
these labels corresponded to the sparkling wines they had tasted until after they had completed the
task. Consumer data were analyzed using a combination of descriptive and multivariate techniques,
including analysis of variance (to determine significant differences between hedonic ratings) and
cluster analysis (to segment consumers based on individual hedonic scores).

2.3. Ethical Statement

DA panelists and wine consumers gave informed consent before they participated in the study.
The study was approved by the Human Research Ethics Committee of The University of Adelaide
(Project No. H-2014-150).

3. Results and Discussion

3.1. ATR-MIR Analysis of Sparkling Wines

Standard wine analyses, i.e., determinations of pH, TA, residual sugar, alcohol, and total phenolics
(Table 2), together with MIR spectroscopy measurements, were performed on a range of commercially
available French and Australian sparkling wines (predominantly Champagne (i.e., n = 23/24) and
Méthode Traditionelle sparkling wine (n = 20/21), respectively) in order to investigate compositional
differences between wines from different geographical origins.

Table 2. pH, titratable acidity, residual sugar, alcohol, and total phenolics content of sparkling wines.

Residual Alcohol Total Phenolics

pH TA (/L) Sugar (g/L) (% abv) (au)

~ Range 3.0-34 63-97 22-134 10.8-12.9 1.2-5.6
All(n=24) \roan 3.1 7.6 102 12.4 3.0
French F$12 34 6.3 13.4 10.8 43
F$40 3.1 75 11.3 124 15
F$70 3.0 8.0 11.4 12.3 3.5

~ Range 3.0-34 61-96 0.5-13.1 11.2-13.0 0.3-4.9
All(n=21)  \yoon 32 7.9 9.0 12.3 23
Australian A$12 33 6.1 116 114 3.0
A$40 33 8.9 8.2 12.7 26
A$70 32 77 10.7 12.7 2.7

abv, alcohol by volume; au, absorbance units.

Irrespective of country of origin, wines had similar pH, TA, residual sugar, and alcohol content,
but French wines tended to have slightly higher total phenolics (Table 2). The relatively high levels
of acidity (i.e., 6.1 to 9.7 g/L TA) and low alcohol content (i.e., 10.8% to 13.0% abv) observed were
characteristic of sparkling wine styles [33].

MIR spectra were collected for all sparkling wines (Figure 1), but most of the variation observed
was found to occur within the fingerprint region, i.e., between 1500 and 900 cm~!. Multivariate analysis
was therefore performed on spectral data from the MIR fingerprint. The PCA score plot of the first
two principal components (PCs) derived from MIR spectra is shown in Figure 2, with PC1 and PC2
explaining 79 and 9% of the observed variation, respectively.

The majority of the French Champagnes, including F$40 and F$70, clustered together in the
lower quadrants, which likely reflects product consistency that can be attributed to strict production
regulations, i.e., the Appellation d’Origine Controlée. In contrast, Australian sparkling wines
were distributed across all quadrants, suggesting far greater stylistic variation; albeit a number
of premium Australian sparkling wines, including A$70, clustered amongst the French Champagnes.
Interestingly, but not surprisingly, the two $12 sparkling wines, i.e., F$12 and A$12, were situated
together in the bottom right quadrant away from the other sparkling wines. This is likely due to
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compositional differences that can also be attributed to production method, i.e., these wines were not
made using Méthode Champenoise or Méthode Traditionelle. These wines also had comparatively
low TA and alcohol levels (Table 2), which might reflect a lighter, softer sparkling wine style.

0.6
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03 -

Absorbance

0.2

0.1 1

4000 3574 3149 2724 2299 1875 1450 1025 600
Wavenumber (cm™)

Figure 1. Mean ATR-MIR spectra (4000—400 cm 1) obtained from (degassed) French and Australian
sparkling wine samples (1 = 45).
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Figure 2. PCA plot generated from the MIR fingerprints (1500-900 cm 1) of sparkling wines.

The loadings obtained for the first two PCs for the fingerprint region of MIR spectra were
evaluated to determine the factors that influenced the separation patterns observed in the PCA biplot
(Figure 3). PC-1 loadings were highest at 1042, 1069, and 1018 cm ™!, suggesting residual sugar and
alcohol content influenced separation, in agreement with a recent study concerning classification
of Australian sparkling wine style and quality by MIR spectroscopy in which residual sugar and
alcohol content were identified as the factors driving variation between samples in the first PC [31].
Certainly, when the alcohol content of wines was considered, sparkling wines with higher alcohol
levels (i.e., 12.9% to 13.0% abv) were positioned to the far left of the score plot, whereas those wines
with lower alcohol (i.e., 10.8% to 11.4% abv) were located to the far right. Thus, separation across PC-1
tended to be based on alcohol content. PC-2 loadings suggested phenolics and organic acids may also
have contributed to the clustering patterns observed for sparkling wines. While the highest loadings
were observed at 1070, 1105, and 1130 cm ! (indicative of sugars and alcohol), positive loadings in
the region between 1475 and 1440 cm~! may be attributable to C-C stretching vibrations of phenyl
groups, i.e., such as those in phenolic compounds, and/or absorbance by C=0, C=C, C-H; and C-H3
bonds, associated with organic acids and aldehydes. Interestingly, two French Champagne ‘outliers
were observed in the top right quadrant, i.e., clearly separated from the other Champagne samples.
However, a reasonable explanation for the clustering of these wines could not be offered based on
consideration of the loadings or basic wine composition, and would instead require more detailed
compositional analysis.

7
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Figure 3. Loadings for the first two PCs from the fingerprint region derived from MIR spectra of
sparkling wines.

3.2. Sensory Analysis of Selected Sparkling Wines

Descriptive analysis and consumer acceptance tests were subsequently undertaken on a subset of
sparkling wines, which included both French and Australian sparkling wines, at three distinct price
points: $12, $40, and $70. Wines were specifically selected to reflect consumer demand (based on
recommendations provided by the wine store from which they were sourced) and, therefore, included
prominent brands.

3.2.1. Sensory Profiles of Selected Sparkling Wines

DA was performed on the subset of selected wines, to characterize their individual sensory
profiles (Table S1) and PCA subsequently performed on the mean intensity ratings obtained for each
wine (Figure 4). As expected, the more expensive sparkling wines, F$70 and A$70, exhibited the most
complexity; i.e., intense yeasty, toasty, and developed aromas and flavors, which can be attributed to
the extended period of lees ageing employed in the production of these particular sparkling wines.
In contrast, A$12 represented a fruit-driven style of sparkling wine and, therefore, did not exhibit any
apparent complexity, while the remaining wines, F$12, F$40, and A$40, each displayed a combination
of both fruit and yeast-derived sensory attributes.

10
Acidty |
8 L
6 L
Pome Fruit-A
4 |
-2 AS40 e 1 Aged/Developed
§ e F$40 Complexity
= 0 7\'93st
A F$70e easty
Qo S~tone Fruit-A ‘ N - ~Aged/Develo ed-A
. Floral-A Yeasty
p Toasty-
-2 A$12 Tropical-A + ¢ Musgroom/Earthy
Tropical F$12
Confectionary-A Mushroom/Earthy-A
4 Floral T Vet
) leaty/Savoury
Confectionary Vanilla/Caramel
-6 T+ Meaty/Savoury-A
-8 1
-8 -6 -4 -2 0 2 4 6 8
F1(81 %)

Figure 4. PCA plot generated from the sensory profiles of selected sparkling wines; A = aroma descriptor.
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3.2.2. Consumer Acceptance for Selected Sparkling Wines

Of the 95 wine consumers who participated in the consumer study, a significant proportion (i.e.,
64%) were female (Table 3), which was, perhaps, not especially surprising given Champagne and
sparkling wine are generally perceived to be a ‘female drink’ [34]. The age distribution was slightly
skewed towards younger consumers, with 29.5% of participants aged <25 years and only 17.9% of
participants aged >55. However, previous studies suggest younger consumers (i.e., Generation Y)
consider Champagne and sparkling wine to be a vibrant, social drink that promotes celebration and
sharing [34] and are usually less concerned with traditional images of the product [16]. The perceptions
of younger consumers were also deemed of value given Generation Y will become an increasingly
important wine consumer cohort in the future [34]. Similar proportions of consumers were observed
within the different levels of education and household income (Table 3).

Table 3. Demographics for sparkling wine consumers (as total sample and hedonic clusters). Values
expressed as percentages.

Total Sample Cluster 1 Cluster 2 Cluster 3

(n=95) (n =27, 28.4%) (n =25, 26.3%) (n =43, 45.3%)
Gend Female 64.2 741 68.0 55.8
ender Male 35.8 25.9 32.0 442
<25 29.5 40.7 16.0 30.2
Ace 25to0 39 28.4 33.3 20.0 30.2
8 40 to 54 24.2 3.7 40.0 27.9
=55 17.9 222 24.0 11.6
High school or trade 35.8 48.1 28.0 32.6
Education Bachelor’s degree 33.7 37.0 28.0 349
Postgraduate degree 30.5 14.8 44.0 32.6
<$50,000 34.0 25.9 28.0 33.2
Household $50,001-$100,000 30.9 37.0 32.0 25.6
income $100,001-$150,000 19.1 29.6 20.0 11.6
>5$150,001 15.9 7.4 20.0 18.6

Significant differences were observed between liking scores returned for the selected sparkling
wines (Table 4). Surprisingly, the $70 French Champagne (F$70) was the least liked wine, while the
$12 Australian sparkling wine (A$12) was liked most (based on average liking scores). This likely
reflects compositional differences and therefore sensory properties between wines; i.e., A$12 being a
fruit-driven sparkling wine with higher pH, lower TA, and lower alcohol content, compared with F$70,
a French Champagne with more perceptible complexity and acidity (Table 2, Figure 4). However, this
might also reflect Australian wine consumers’ increased familiarity with Australian sparkling wine
styles (relative to Champagne).

Table 4. Consumer liking and expected price of selected sparkling wines.

Hedonic Ratings ? Expected Price ($/750 mL Bottle)
Sample Total Sample  Cluster1  Cluster 2 Cluster 3 Based on Based on
(1 = 95) n=27) (=25 (n =43) P Tasting Front Label

F$12 5.6 £0.2ab 60a 42D 61a <0.001 $21-$30 $61-$70

F$40 58 +0.2ab 5.0 3.8 73 ns $21-$30 $51-%60

F$70 53+02b 29b 6.7 a 59a <0.001 $21-$30 $61-$70

A$12 63+02a 58b 56b 6.8a 0.05 $21-$30 $21-$30

A$40 57+ 0.2ab 5.9 5.3 5.8 ns $21-$30 $41-$50

A$70 58+ 0.2ab 41b 59a 65a 0.01 $21-$30 $51-%60

2 Hedonic ratings determined using 9-point scales, where 1 = dislike extremely and 9 = like extremely.
Mean values for the total sample (1 = 95) and for clusters followed by different letters within a column
or within rows respectively are significantly different (p = 0.05).
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Previous research suggests Australian women are more likely to drink white wine and sparkling
wine than men [35], which may reflect the gender based consumption behavior and/or wine style
and taste preferences proposed by Bruwer and colleagues [36]. However, no statistically significant
differences were observed in the hedonic liking of sparkling wines by female vs. male consumers
(Table S2). Sensory preference differences have also been reported between generational cohorts [36],
but again, in the current study, age did not significantly influence liking scores; the exception being
that older consumers (those >35 years of age) liked the A$12 sparkling wine significantly more than
younger consumers (those <35 years of age). Given the considerable disparity observed between
individual consumer wine preferences (Table S2), cluster analysis based on individual hedonic scores
was performed and enabled the identification of three distinct consumer segments (Tables 3 and 4).

Cluster 1 comprised 27 consumers who were predominantly female, younger than 40 years,
and with lower education (only 52% had tertiary qualifications) and household income (63% earned
<$100,000 per annum). These consumers liked F$12 and A$12 the most and F$70 and A$70 the least, in
agreement with previous findings that fruit aromas and flavors are important to female consumers
and that, at a young age, female consumers report a clearer preference for sweeter wine styles [36].
Cluster 2 comprised 25 consumers, most of whom were older (40% were aged between 40 and 54 years
and 24% were older than 55) and held tertiary qualifications (72%). Consumers in this cluster liked
F$70 and A$70 the most, while F$40 was their least liked wine. The remaining 43 consumers belonged
to Cluster 3 and comprised many of the younger consumers (30% were aged between 25 and 39 years
and 30% were younger than 25). Hedonic ratings for this cluster ranged from 5.8 to 7.3, suggesting
consumers liked all six sparkling wines with F$40 being the most liked wine. This may reflect younger
consumers’ perception of Champagne and sparkling wine as a “social drink’, readily associated with
celebration and sharing [35]. Cluster preferences are also likely to reflect consumers’ familiarity
(or prior consumption) of different wine styles; i.e., it would be reasonable to expect older, more
highly educated and/or more affluent consumers to have had more opportunities to consume French
Champagne and/or premium Australian sparkling wines. Thus, these consumers are likely to have
developed a greater appreciation for the complexity associated with sparkling wines such as F$70
and A$70. This might explain why the younger, less educated and less affluent consumers within
Cluster 1 preferred the more fruit-driven F$12 and A$12 over F$70 and A$70. Interestingly, in the blind
tastings conducted within this study, Australian wines were liked as much, if not more than French
wines (Table 4). However, consumers were unable to determine sparkling wine provenance (country of
origin) with a similar percentage of consumers designating each sparkling wine as French (22%-32%)
or Australian (33%-53%) in origin (Table 5). These results are consistent with previous research in
which consumers were unable to discriminate Champagnes in blind tastings, but when bottle prices or
labels were revealed, rankings followed the hierarchy of the market [37-39]. Consumers were also less
confident designating the provenance of the two Champagnes, F$40 and F$70, but with the exception
of F$70, consumers gave higher liking scores to sparkling wines considered to be French in origin
(Table 5), demonstrating the assertion that country of origin is perceived (rightly or wrongly) to be an
indicator of wine quality [9].

Not surprisingly, consumers were also unable to discern wine price based on blind tastings
(Table 4), with the average price of all wines estimated to be $21-$30 per 750 mL bottle. However, when
the front labels of each wine were revealed, consumers assumed French wines were more expensive
than Australian wines (Table 4), again demonstrating a clear country of origin effect, as well as
the extent to which extrinsic attributes influence consumer perceptions of quality, as in previous
studies [7-13]. Brand recognition likely influenced consumers also. Most consumers recognized F$70
(n =48, 51%) and A$12 (n =78, 82%) as familiar brands, which likely explains why price estimates
for these wines (based on wine label) more closely reflected their retail prices, whereas the expected
prices for F$12 and F$40 were over-estimated and A$70 was under-estimated. Charters and coworkers
found the F$70 brand was recognized by consumers from Australia, New Zealand and the UK [34].
In contrast, there would be significantly less brand awareness for F$12 and F$40, which suggests
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consumers instead based price estimates on country of origin. This is consistent with suggestions that
where consumers are familiar with a product, geographical origin reinforces perceptions of quality [40],
especially for products with established cultural heritage [7].

Table 5. Consumer designation of sparkling wine provenance.

French Origin Australian Origin Unknown Origin

No. of Hedonic No. of Hedonic No. of Hedonic

Consumers Ratings 2 Consumers Ratings 2 Consumers Ratings @

F$12 26 (27%) 6.7 £ 04 49 (52%) 50+03 20 (21%) 5.6 £ 0.6
F$40 31 (32%) 6.8 +04 32 (34%) 55+0.3 32 (34%) 50+04
F$70 21 (22%) 49405 36 (38%) 58+ 04 38 (40%) 49+04
A$12 23 (24%) 74403 47 (50%) 58+0.3 25 (26%) 6.0+03
A$40 26 (27%) 74403 46 (49%) 58+0.2 23 (24%) 57+04
A$70 27 (28%) 6.0+ 04 50 (53%) 56 +£0.3 18 (19%) 6.0+05

2 Hedonic ratings (+standard error) determined using 9-point scales, where 1 = dislike extremely and
9 = like extremely.

Research findings demonstrate there is diversity amongst the sparkling wine consumer base and
provide insight into the appeal of different sparkling wine styles to different segments of the target
market. Results also highlight the relative importance of extrinsic vs. intrinsic cues in determining
consumer preferences for, and quality perceptions of, different sparkling wines. Consumers, especially
younger consumers, tend to focus on the symbolic aspects of sparkling wine consumption (i.e., occasion,
celebration, and prestige) rather than on wine sensory attributes [16,34]. Therefore, in order to improve
market share, Australian sparkling wine producers need to tailor marketing strategies to account for
the motives driving consumer purchasing and consumption behavior; i.e., away from grape variety,
which is less likely to influence purchase decisions for sparkling wine than for table wine, towards
both regionality and occasion.

4. Conclusions

This study aimed to evaluate Australian wine consumer preferences for Australian sparkling
wines vs. French Champagne and any compositional and/or sensory drivers for these preferences.
PCA of MIR spectra obtained for 45 sparkling wines, including 23 French Champagnes, one French
sparkling wine and 21 Australian sparkling wines, suggested (i) considerably less compositional
variation amongst French Champagnes than amongst Australian sparkling wines, indicative of the
strict appellation regulations that govern Champagne production and (ii) compositional similarities
between some premium Australian sparkling wines and the French Champagnes. The broad
range of hedonic ratings given to a subset of French and Australian sparkling wines (priced from
$12 to $70) demonstrated the variation in individual consumer’s preferences for sparkling wines.
Segmentation based on hedonic ratings provided insight into how different sparkling wine styles
(e.g., fruit-driven vs. complex styles) appeal to different segments of the domestic sparkling wine
market. The extent to which country of origin influenced consumer perceptions of price, but not liking,
was also demonstrated.

Supplementary Materials: The following are available online at www.mdpi.com/2306-5710/2/3/19/s1, Table S1:
Mean intensity ratings for sensory attributes of selected sparkling wines, Table S2: Consumer liking of selected
sparkling wines by gender and age.
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