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This thesis contains four accepted peer reviewed publications and one manuscript in
preparation. Each contains an introduction that reviewed the most relevant literature
applicable to the topic being investigated. Therefore a separate all-encompassing
literature review has not been included in order to avoid repetition and increase
readability. However, pertinent references have been included in the initial and
between paper introductions to help set the scene for each section of the PhD
investigation. This has also enabled the inclusion of some contemporary literature
that has been reported subsequent to the papers being published.

The chapter titled ‘Conclusions, discussion and further work”, summarises key
findings and acts as a unifying discussion of information that developed over the
course of the investigations reported in each chapter.
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This thesis has been formatted in accordance with Charles Sturt University’s
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Abstract

ABSTRACT
Hunter Valley Semillon (HVS) is a white wine that is highly regarded by both
winemakers and respected wine critics. In order to gain an overall understanding of the
range of flavours found in HVS, a sensory descriptive analysis (DA) was performed.
Multivariate analyses were utilised and a two-factor PCA solution was accepted, each
factor accounting for a substantial proportion of the variance and characterising a key
conceptual dimension in HVS. Factor one accounted for 72.6% of the variance and
was characterised by ‘bottle age’, where wines were found to be high in toast, honey,
orange marmalade and kerosene in contrast to those wines higher in floral,
confectionary, lemon/lime, grassy and pineapple characters. These characters are often
termed ‘developed’ characteristics and were found in wines that were between four
and eleven years of age. The second principal component or ‘acid–sweet dimension’ is
chiefly influenced by acidity, with opposite characters of sweetness as well as floral,
confectionary, pineapple, honey, and orange marmalade.

The DA dataset was also compared to the chemical analyses of wines using a multiblock technique known as Common Components and Specific Weight Analysis
(CCSW). The most apparent significant positive correlations included acidity taste
with titratable acidity, and sweetness with fructose as well as glycerol. Positive and
significant correlations between some analytical measurements and aroma sensory
scores were also found. These included asparagus aroma with pH and malic acid and
floral aroma with fructose. The outcomes of this multi-block treatment indicate the
potential for using analytical measurements to complement sensory analysis.
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The DA identified four unique styles of HVS and 6 wines representative of these 4
Styles were tasted blind by 303 adults recruited from food and wine events in Wagga
Wagga and Sydney, Australia. Participants indicated preferences for each of the six
wines and also answered a range of socio-demographic questions. Analysis of
Variance (ANOVA) and internal preference maps (IPM) indicated an overall
preference for wines with fresh fruit characters, and especially some sweetness to help
balance acidity, opposed to developed characters and higher acid wines. Specifically,
Style 1 was significantly preferred to all other styles. Style 1 had more sweetness and a
lower acidity than the other styles. It also had the highest confectionary attribute and
was amongst the highest for lemon/lime, pineapple and floral. Whilst rated
significantly lower than the Style 1 wine, Style 2 wines were rated
significantly higher than both Styles 3 and 4. Style 2 wines have similar aroma
attributes as Style 1 but have a higher acidity and lower perceived sweetness, but their
overall balance still leads to high level of consumer liking. Style 3 was characterised
by a lack of fruit character and high acidity whilst Style 4 were the older wines which
had high honey, toast, kerosene and orange marmalade attributes. These Style 4
examples were favoured by a sector of consumers who consumed wine frequently and
indicated a higher self-reported wine knowledge. The successful use of a the novel
‘Style’ approach was illustrated and the results communicated to the Hunter Valley
wine community which lead to consideration, and indeed alteration of HVS wine
production philosophy and HVS portfolio balance.

In order to quantify preference for sweetness level in HVS, and to investigate the
influence of experience on preference, a two-alternative forced choice methodology
was used. Respondents were asked to indicate their preferred wine from two wines
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presented to them: the base wine (control) and the adulterated wines at each glucose
addition level (2.0, 4.0, 8.0, 16.0 and 32.0 g/L glucose). Additionally, the respondents
were divided into three categories; novice (consumer), experienced (consumer) and
winemakers. Two base wines were used to help investigate the effect of the
relationship between acid and perceived sweetness. Novice consumers preferred the
more acidic wine with up to an additional 16.0 g/L, and the second wine sweetened
with up to 4.0 g/L of glucose, compared to the corresponding base wines.
Experienced drinkers preferred wines with less added glucose than did the novice
group. Winemakers preferred a lower level of glucose addition again. Importantly,
results indicated that consumers in all three categories (novices, experienced and
winemakers) preferred both wines when 2g/L glucose was added. This study has also
defined levels of residual sugar within which winemakers can aim to produce wine in
order to help fulfil the desires of the consumer, allowing winemaking decisions for
residual sugar levels to be quantitatively based.

The initial consumer study also illustrated that bottle age and the subsequent
developed characters were significant influences of consumer liking of HVS. The
effect of 3 years of bottle aging on the same sixteen HVS wines was consequently
investigated by repeating the sensory descriptive analysis. Overall, whilst primary fruit
characters (lemon/lime, grassy, floral, grapefruit and pineapple) generally decreased,
some attributes, particularly lemon/lime, remained important features of the wine after
the aging period. Developed characters such as honey, toast and orange marmalade
also became more prominent. This study also illustrated the age-related sensory
changes associated with each HVS style; the most noticeable changes occurred in
Styles 1 and 2. Most wines from Style 3, and in particularly Style 4, displayed little
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transformation after 3 years. The ability of HVS wines to retain their original primary
fruit character while also developing desirable aged attributes has also been
demonstrated, and could be an explanation as to why some consumers reported liking
aged HVS in the consumer study.
This thesis investigation was the first to characterise HVS and was able to identify and
describe four distinct groups, or Styles. Using these Styles, a consumer preference
study determined both overall preference and investigated if age, gender, consumption
habits and self-reported knowledge influenced taste preference. This thesis also
investigated sweetness preference in HVS and illustrated the sensory effects of bottle
age. Whilst HVS was used for the various investigations, the significance of the results
was also discussed in regards to other wine types.
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Introduction

CHAPTER I
INTRODUCTION

I.1. Rationale
Hunter Valley Semillon (HVS) is a highly regarded varietal wine in Australia and is
also recognised internationally (Steiner, 2004), hailed as ‘one of Australia’s great gifts
to the world of wine’ (Robinson, 2004). HVS is an iconic style within the Australian
wine Industry and has an enviable, possibly unsurpassed, wine show record. Producers
of HVS have experienced falling sales and are unable to consistently sell their wine
profitably. Winemakers, writers and researchers alike are wondering how a wine
variety that previously was the ‘world’s most planted white grape capable of premium
wine production’ (Robinson, 1999) has fallen out of fashion. It is surprising therefore,
that consumer sales have not been commensurate with this standing and as such, HVS
was thought to be an ideal candidate for consumer sensory research.

I.2. The Challenge
Some sections of the Australian wine industry have become increasingly interested in
the production of wine styles that consumers appear to prefer. This change has been
challenging in a number of respects:
1.

To date, the Australian wine industry has largely relied on results from wine

shows to guide style, and there is little evidence that wine show judging scores
correlate with consumer preference. Indeed, the contrary has been observed, with the
liking of some consumer segments reported to be opposite to an expert groups’ quality
scores (Hopfer & Heymann, 2014).
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2.

The reliability of consistent wine show judging results has also been questioned

in the United States (Hodgson, 2008, 2009) and there is no reason to believe
Australian wine show judging has better reproducibility.
3.

The concept of quality is an individual response, varying to many factors

including different sensitivities, preferences (Noble, 1999), as well as different
conceptions and previous experiences (Charters & Pettigrew, 2007). The linking or
prediction of preferences based on the opinion of experienced judges is therefore less
than ideal.
4.

The exact nature of what consumers want has never been established for wine in

general and little research is available that illustrates what consumers want for given
varieties. The few studies that have recently reported consumer liking patterns
((Lattey, Bramley & Francis, 2010; Lesschaeve, Bowen & Bruwer, 2012; Williamson,
Robichaud & Francis, 2012) are discussed both below and in the manuscripts
contained in this thesis.

I.3. Gap in the Literature
There has been a paucity of wine research studies combining consumer segmentation
and actual tasting. It is likely that some larger wine companies have undertaken such
work but the reports remain confidential and have not been shared in the peer
reviewed literature or via conference proceedings. In one of the few studies of this
kind, demographic and consumption characteristics of Australian consumers were
investigated when consumer acceptability of a varied range of Australian Cabernet
Sauvignon and Shiraz wines was reported. Red wines with high levels of fruit
attributes and sweetness were found to be preferred and highly acidic wines had low
16
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acceptance with both Australian and Chinese consumers (Williamson, Robichaud &
Francis, 2012). In another cross-cultural study, there was no overall difference in a
liking rating for another diverse set of American and Italian red wines (Frøst & Noble,
2002) when objective wine knowledge test was considered.

There appears to be even less research that has investigated consumer preference of
white wines in which tasting was required rather than self-reported liking. Consumer
segments differed due to the intensity of floral, apricot/peach and oak derived aromas
in a Chardonnay study (Yegge & Noble, 2001). In another study, no differences in
liking scores between novices or experts were obtained in Chardonnay and Melon de
Bourgogne wines (Ballester, Dacremont, Le Fur & Etievant, 2005) while New
Zealand consumers were reported to prefer Marlborough Sauvignon Blanc rather than
examples from other countries (Lund, Thompson, Benkwitz, Wohler, Triggs, Gardner,
Heymann & Nicolau, 2009). A study investigating the preference of Chardonnay,
Riesling and Sauvignon Blanc found that the most important driver of wine style
preference was fruit and sweetness against drying and oaky attributes (Lesschaeve,
Bowen & Bruwer, 2012), however no difference were reported for the a priori groups
tested.

I.4. Preference Testing
Two main approaches exist in consumer sensory studies, either the measurement of
preference or acceptance (Lawless & Heymann, 2010). Preference testing involves
choosing one wine over another, so typically acceptance testing is used when a set of
wines is presented to the consumer group. In recent years there have been several
consumer acceptance studies that reported the hedonic response of the various groups
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of wine-drinking public towards wine produced from particular grape varieties or from
particular regions. (King, Osidacz, Curtin, Bastian & Francis, 2011; Lattey, Bramley
& Francis, 2010; Mueller, Osidacz, Francis & Lockshin, 2010; Parpinello, Versari,
Chinnici & Galassi, 2009; Torri, Noble & Heymann, 2012; Varela & Gambaro, 2006;
Yegge & Noble, 2001). Typically, these studies used sensory descriptive analysis in
which trained panellists selected and then ranked a range of sensory characteristics in
an attempt to describe the set of wines as fully as possible. A selection of these wines
was chosen in an attempt to represent a wide variation of sensory features and wines
were presented by the recruited consumer group. Consumer liking scores were then
related to the established sensory attributes using several preference mapping
techniques.

Lesschaeve and Findlay (2004) have described how preference mapping can be used
successfully to understand consumer preferences to help develop wines with the right
sensory attributes for consumers. There are traditionally two types of preference
mapping methods; internal preference mapping also known as MDPREF and external
preference mapping (Greenhoff & MacFie, 1994; Lawless & Heymann, 2010; Lovely
& Meullenet, 2009) . Internal preference mapping utilises data from consumer testing
whereas external preference maps are typically derived from sensory descriptive or
chemical data. Therefore the aim of internal method is a more direct explanation of
product preference while external attempts to explain the differences due to
sensorial/chemical differences.

The strength of internal preference mapping is that it analyses consumer data using
actual hedonic scores (not liking mean scores) to account for the individual differences
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of consumers (Jaeger, Wakeling & MacFie, 2000), giving a superior explanation of
consumer preferences (Meullenet, Lovely, Threlfall, Morris & Striegler, 2007).
Internal preference mapping is also typically preferred for brand positioning(van
Kleef, van Trijp & Luning, 2006).

Possible disadvantage of internal preference mapping include:
a)

Difficult to comprehend the preference dimensions of the product map, however

this may be overcome by overlapping sensory attributes onto the sample map (MacFie
& Hedderley, 1993; McEwan, Earthy & Ducher, 1998).
b)

Interpretation may be difficult if the map is too convoluted with numerous

consumers depicted around a map which also illustrates a number of products.
c)

The principal components which to represent consumer preferences may only

account for a limited amount of the variance in the data. Therefore significant
information, particularly the product variables leading to consumer preference, may be
missed by overlooking the other principal components (MacFie & Hedderley, 1993)

I.5. Wine Knowledge
Most wine research studies which have investigated consumer segmentation, including
wine knowledge, and acceptance / liking have reported results for self-reported liking
(Cox, 2009; Johnson & Bastian, 2007; Johnson & Bruwer, 2003; King, Johnson,
Bastian, Osidacz & Francis, 2012). Self-reported liking has presumably been utilised
on pragmatic rather than ideal grounds, to enable the investigation of a large number
of responses without the effects of alcohol, palate fatigue and the expense associated
with balanced experimental designs.
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The two main types of wine knowledge measurements are subjective and objective.
Subjective wine knowledge is the self-reported perception of a consumer’s wine
acumen (Flynn & Goldsmith, 1999). A sequence of wine related questions in a formal
testing situation has been used in several wine studies ((Frøst & Noble, 2002; Johnson
& Bastian, 2007; Johnson & Bruwer, 2003) in an attempt to objectively measure the
knowledge of wine consumers. One of these studies (Johnson & Bastian, 2007)
investigated the consumer’s subjective and objective wine knowledge and reported
that there was a strong correlation. (Flynn & Goldsmith, 1999) reported that subjective
wine knowledge correlated positively with lasting wine purchasing involvement.
Subjective testing was also used in a study to reveal that consumers with high wine
knowledge were more likely to prefer Riesling and those with low wine knowledge
preferred Sauvignon Blanc and disliked Chardonnay (King, Johnson, Bastian, Osidacz
& Francis, 2012).

I.II. Outline of the initial aim of the PhD investigation.
The current study is novel as it reports the consumer preference, using actual tasting,
of an individual varietal wine type, Semillon, from a particular region, the Hunter
Valley. Semillon is an important variety for the Australian wine industry. The initial
step of the research will be to develop a consumer preference map for Hunter Valley
Semillon and the first stage of this project was to perform sensory descriptive analysis
(DA). DA has been used extensively to quantitatively characterize a range of wine
varieties from specific regions (Heymann & Noble, 1987; Lund et al., 2009;
Mansfield & Vickers, 2009; Mirarefi, Menke & Lee, 2004). DA is the most
sophisticated, comprehensive and important sensory method as it allows a complete
quantitative investigation of the sensory properties of a product such as wine (Lawless
&
20
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Heymann, 2010; Murray, Delahunty & Baxter, 2001; Stone, Bleibaum & Thomas,
2012). The study will be first to characterize the sensory attributes of HVS.

The DA will be followed by a statistically-driven approach to help determine if
distinct styles of HVS are commercially available. Use of multivariate analysis will be
particularly important in this categorisation stage. The definition of styles, whereby
subsets of HVS wines can be classified into groups based on their sensory attributes
would be both a novel method of classification and advantageous for further
investigations. A smaller, more convenient and manageable number of wines could be
subsequently selected and presented to the consumers during preference testing. The
wines would be both representative of the defined styles and the HVS wines generally.
Previous studies already mentioned above have presented up to 12 or 16 wines and
due to factors such as palate fatigue and tasting logistics. This has necessitated either
that; all wines are not tasted by all consumers; several tastings: or a combination of
both these conditions. This makes the recruitment of consumers more time-consuming,
difficult and typically more expensive. It also increases the difficulty of sound
experimental design to ensure wines are tasted in an equally representative manner and
introduces the possibility of different perceptions on the separate tasting occasions.

It is expected that this “Style” approach will also have further relevance when
investigation and dissemination of results is considered. The identification of a finite
number of archetypal styles may simplify the challenge of determining the antecedents
of all possible flavours by allowing viticulture and chemistry research to focus on the
unique flavours associated with each. In regard to this thesis and future sensory
research, consumer preference data will be correlated with the sensory/ style data to
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help elucidate the flavours that most influence consumer predilection. Distribution of
results to wine makers, marketers and wine research groups will also be more
effective. These stakeholders will be able to compare individual wines, now and in the
future, with the specific attributes of each and be able identify with a particular style.
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CHAPTER II
PAPER 1 - SENSORY CHARACTERISATION OF HUNTER VALLEY
SEMILLON USING DESCRIPTIVE ANALYSIS

II.1. Summary of Aims for Paper 1
To use sensory descriptive analysis (DA) to determine the range of flavours present in
Hunter Valley Semillon wines. Apply multivariate analyses in an attempt to identify
and define wine groups or Styles, which are characterised by similar attributes.

28

Chapter II: Paper 1 - Sensory characterisation of Hunter Valley Semillon using descriptive analysis

Research Article
Received: 15 December 2008,

Revised: 7 April 2009,

Accepted: 1 May 2009,

Published online in Wiley Interscience: 24 May 2009

(www.interscience.wiley.com) DOI 10.1002/ffj.1936

Sensory characterization of Hunter Valley
Semillon using descriptive analysis
John Wiley & Sons, Ltd.

John Blackman* and Anthony Saliba
Sensory characterization of Hunter Valley Semillon using descriptive analysis

ABSTRACT: Semillon wines from the Hunter Valley region, Australia, were evaluated by sensory descriptive analysis using 15
trained judges. The panel initially identified 37 attributes, but after training, discussion and statistical analyses the list
was reduced to 12 different aromas. Additionally the tastes of acidity and sweetness were practised and results obtained.
Principal component analysis (PCA) of the sensory data obtained combined with mean intensity ratings enabled the wines
to be divided into four groups or ‘styles’. PCA revealed a two-factor solution explaining 82.5% of the total variance, where
bottle age was the most important flavour dimension. Three different styles of young Semillon wine and an aged category
were determined, confirming that there is a style with substantial flavour that can sold without the need to bottle age.
Copyright © 2009 John Wiley & Sons, Ltd.
Keywords: Semillon; Hunter Valley; sensory descriptive analysis; principal component analysis; wine style
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The Hunter Valley is a premium wine region on the east coast of
Australia. The two principle viticultural areas are the Lower Hunter,
centred around Cessnock, and the Upper Hunter, which encompasses regions adjacent to Denman, Singleton and Muswellbrook.
The Lower Hunter produces the majority of the finest Hunter Valley
Semillon (HVS) wines. Cessnock lies at 32°54′S, 151°21′E and most
vineyards are approximately 200 m above sea level. Climatic
features such as 23.0–24.9°C mean January temperature and
high growing season rainfall, including common precipitation
during harvest,[1] initially suggest that the environmental features are not suited to premium wine production.[2] However,
cooling afternoon sea breezes and accompanying cloud
cover aid in temperature moderation. Furthermore, warm nights
encourage physiological ripeness rather than simply sugar accumulation, and quality wine, in particular Semillon and Shiraz, is
produced.[3]
HVS is regarded as an iconic style within the Australian wine
industry and has an enviable, possibly unsurpassed, wine show
record. Youthful HVS has the reputation of being austere and
requires ageing to provide substantial flavour.[4] Henderson[5]
writes that it is dull before becoming wonderfully rich and succulent with age. Ryan[6] defines HVS as light, grassy/herbaceous,
before ageing to develop rich honeyed, toasty and nutty characteristics. Clarke and Spurrier[7] describe HVS as lean with an acid
backbone before developing a more substantial palate with
concentrated developed aromas and flavours with ageing.
The complexity of flavour that can develop in aged HVS has
led to the description of the style as being ‘one of Australia’s
great gifts to the world of wine’.[8] These types of descriptions
would appear to indicate that a number of HVS categories
exist.
Sensory descriptive analysis has been used to quantitatively
characterize the sensory attributes of varieties from specific regions.
Descriptive analyses of varieties including Pinot Noir,[9] Cabernet
Sauvignon,[10] Zinfandel,[11] Chardonel[12] and Seyval Blanc[13] have
been published. While a study of four Semillons from Turkey have

been included in a sensory descriptive paper,[14] a characterization of possible styles of Semillon in any particular region has
not been undertaken previously.
The present study aims to investigate the range of profiles, or
styles, typically found for HVS. This will validate whether bottle
age is important to flavour development and whether effectively
two styles exist; further, whether the wine is always austere
when young, or whether substantial flavour profiles exist to
warrant definition of additional styles.

Materials and Methods
The Hunter Valley Vineyard Association (HVVA) was requested to
construct an extensive list of wines which they believed would
represent the gamut of HVS flavours. The HVVA is an organization composed of respected winemakers and viticulturists with
vast experience in the production of HVS. The HVVA conducted
a seminar with 70 participants in which each of the 32 nominated
wines were discussed in an open forum. All wines were 100%
HVS. The descriptors discussed were collated and a revised list of
wines that contained as diverse as possible styles of wine was
constructed. Particular focus concerned wines that had distinctly recognizable characteristics. Sixteen different wines from
this inventory were requested from participating wineries and
were subsequently donated. The wines used in the study, along
with their respective vintages, are listed in Table 1.
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Table 1. Wine code, vintage and key chemical measures for each of the 16 HVS wines
selected for the descriptive analysis

Wine 1
Wine 2
Wine 3
Wine 4
Wine 5
Wine 6
Wine 7
Wine 8
Wine 9
Wine 10
Wine 11
Wine 12
Wine 13
Wine 14
Wine 15
Wine 16

Vintage

Glucose
(g/l)

Fructose
(g/l)

Titratable
acid (g/l)

pH

Alcohol
(%, v/v)

2006
2006
2006
2005
2006
2005
2004
2002
1996
1998
2001
2006
2002
2003
2002
2006

0.61
0.93
1.55
0.13
0.23
1.41
0.05
0.32
0.43
0.24
0.16
0.13
0.17
1.49
0.49
0.00

5.93
0.97
2.11
1.25
3.39
1.56
0.16
0.31
0.78
2.04
0.27
0.00
0.03
1.73
3.48
0.08

6.7
7.3
6.9
6.8
6.9
7.7
6.5
6.5
6.2
7.5
8.2
6.3
7.5
7.1
7.6
7.7

3.25
3.05
2.97
3.08
2.93
3.09
3.24
3.15
3.09
2.89
2.92
3.09
2.89
3.16
2.89
2.84

10.48
10.71
10.64
11.87
10.68
10.13
11.57
10.32
10.50
10.37
11.33
10.43
10.12
11.37
10.09
10.64

Chemical Analysis

Table 2. Exhaustive initial list of descriptors for HVS

Table 1 also contains key wine chemical measures such as sugars
and pH. The glucose and fructose assays were performed using
a D-Glucose/D-Fructose enzymatic kit from Boehringer (Mannheim,
Germany). The pH and titratable acidity (TA) were measured
using a Cyberscan 510 pH meter. The malic acid assay was measured using a L-Malic enzymatic kit from Boehringer (Mannheim,
Germany). The alcohol was measured using the Anton-Paar
Alcolyser DMA 450 Density meter.
Sensory Analysis
Sensory descriptive analysis (DA). The panel was composed
of six females and nine males aged 21–45 years. The panellists
were selected to participate on the basis of interest and availability. All had previous wine-tasting experience and the majority
had also been involved with prior descriptive analysis panels that
had also used the Compusense® five, release 4.6 (Compusense
Inc., ON, Canada) computer program.
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Lemon
Honey
Hay
Pea
Grapefruit
Lychee
Melon
Capsicum
Grass

Nutmeg
Toast
Vegemite
Dusty
Coconut
Peach
Butterscotch
Caramel
Oak

Leafy
Straw
Vanilla
Apricot
Citrus
Confectionary
Butter
Pineapple
Floral

were also asked to evaluate the 37 different aroma standards
and determine how those standards should be modified and the
possibility of additional standards to be introduced. Terms that
were detected by fewer than three of the judges were eliminated.
As the training sessions continued, the list of descriptors
was gradually refined, such that a smaller number of descriptors
were included in the final testing. The inclusion criteria followed
the international standard ISO 11035: 94,[15] where consideration
was given to the relevance to HV Semillon, the discrimination
between samples afforded and the panel’s ability to simply
detect and easily know each descriptor. This was achieved by
evaluating three or four wines in duplicate for specific attributes
characteristics on different days, performing statistical analyses
and providing feedback to panellists.
At the conclusion of the training period, 13 attributes were
selected and their corresponding standards agreed upon by
consensus. The list of attributes and composition of the matching standards are presented in Table 3. Additionally, sweetness
and acidity reference standards were presented, so that rating of
these tastes could be practised. Rating of acidity and sweetness
were practised in a similar manner as that described for aromas.
Finally, the panellists conducted two training sessions to
familiarise themselves with the Compusense® program used to
collect the results.

Copyright © 2009 John Wiley & Sons, Ltd.
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Training. The training period consisted of 18 group meetings
over a 9 week period in May–July 2007. The first purpose of these
sessions was to develop a list of aroma descriptors that would
describe and differentiate the 16 wines. During the first two
meetings, panellists were asked to describe the wines before them
without consulting reference aroma standards. At both sessions
two young and two old wines were provided and panellists were
asked to list up to six of the most dominant aromas in each wine.
The results were then tabulated on a whiteboard, which provided
immediate feedback to panellists. They were then instructed to
sample the wines again to see whether the descriptors provided
a means of labelling that enable recognition. Thirty-seven different descriptors were obtained from the first two sessions and
they are listed in Table 2.
The next three sessions each had 12 or 13 descriptors and an
accompanying reference standard. Panellists were asked whether
or not they could detect each attribute in each of four wines. They

Lime
Asparagus
Caramel
Kerosene
Nut
Toast
Marmalade
Citrus
Honey
Bread
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Table 3. List of attributes and composition of standards
Term

Composition of reference standard*

Asparagus
Confectionary
Floral
Grapefruit

0.5 teaspoon of juice from canned asparagus
Chopped green and red Allen’s™ frog-shaped jelly confectionery
2 rose petals soaked for 10 min and removed
1 teaspoon of fresh grapefruit juice and small piece of rind
soaked for 5 min and removed
One-quarter of a cup of fresh grass soaked for 10 min
One-quarter of a cup of horse chaff soaked in wine for 15 min
2 teaspoons of honey
0.001 µl kerosene
0.5 teaspoon each of fresh lemon and lime and small piece of
each rind soaked for 5 min and removed
3 teaspoons of juice from canned lychee
3 teaspoons, stirred thoroughly
Scrapings from 1 piece of white toast

Grass
Hay/straw
Honey
Kerosene
Lemon–lime
Lychee
Orange marmalade
Toast

*In 50 ml 50:50 distilled water:base wine.

Formal judging. The 16 wines were evaluated in triplicate in 12
tasting sessions held over a 2 week period. The Compusense
programme generated random three-digit identification numbers
for each wine at each session. This number was transcribed onto
appropriate standard[16] tasting glasses. The order of presentation of the wines was determined using a randomized complete
block design with three replications performed by each panellist
for each wine. Four wines were tasted in each tasting session. All
evaluations were conducted under white fluorescent lights in
individual tasting booths at room temperature of 22 ± 1 °C.
Wine samples were served at 13 ± 2 °C.
At the beginning of the tasting session, panellists were asked
to sniff each of the aroma standards. The panellists then rated
each of the attributes using an unstructured line scale[17] from
‘Low’ to ‘High’. Panellists were requested to sniff water regularly
to help alleviate fatigue as well as rinsing their mouth with
filtered water and waiting for 30 s between samples. Results
were entered directly into the Compusense programme via computers in each tasting booth.
Data Analysis
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The Statistical Package for the Social Sciences (SPSS) software
package was used for all statistical analysis. In order to validate
the sensory data, the Pearson product–moment correlation
coefficient was used to compare chemical measures with mean
descriptor ratings across the 16 wines. Table 4 illustrates that the
sensory data correlated significantly with appropriate chemical
measures, validating that the sensory panel’s performance
aligned with the chemical measures. Included in the correlations are two comparisons where a non-significant result was
expected—comparison between pH and ‘lemon–lime’ as well as
total sugar and ‘honey’. The non-significant results here suggest
that the panel successfully distinguished honey as unique and
different from sweetness alone, and similarly discriminated
lemon–lime from acidity.
Principle component analysis (PCA) was used to determine
the relationships between descriptors and how each wine related
to others. The correlation matrix was used to generate an unrotated factor solution.

www.interscience.wiley.com/journal/ffj

Table 4. Correlations for relevant mean descriptors and
chemical measures (n = 16)
Chemical measures
Sensory descriptor
Sweetness
Honey
Acidity
Lemon–lime

pH

Total sugar
(glucose + fructose)
0.72*
0.24

0.68*
0.086

*Significant at the α = 0.01 level.

Results and Discussion
A two-factor PCA solution was accepted, since two factors had
eigenvalues > 2, each accounting for a substantial proportion of
the variance and characterizing a key conceptual dimension in
HVS. Factor one was characterized by ‘bottle age’, accounting for
72.6% of the variance, and factor two was characterized by an
‘acid–sweet’ dimension, accounting for 9.9% of variance. In total,
the two-factor solution accounted for 82.5% of variance, representing a good explanation of the dataset.
A factor plot is shown at Figure 1, with descriptors only. It
shows that bottle age contrasted wines high in toast, honey,
orange marmalade and kerosene to those wines higher in floral,
confectionary, lemon/lime, grassy and pineapple characters. The
toast, honey and orange marmalade characteristics in particular,
and to a lesser extent a kerosene character, have commonly
been associated with HVS wines with some bottle ageing.[18,19]
These characters are often termed ‘developed’ characteristics.
Figure 2 overlays the 16 wines on the two-factor solution and
illustrates that the wines with ‘developed’ characters were
those aged 5–11 years. The wines driven by floral, confectionary,
grapefruit and grassy characters were 1 year old at the time of
analysis.
The second principal component or ‘acid–sweet dimension’ is
chiefly influenced by acidity, with opposite characters of floral,

Copyright © 2009 John Wiley & Sons, Ltd.
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Figure 1. PCA factor plot for attributes. PC1, ‘bottle age’; PC2, ‘acid–sweet’

confectionary, pineapple, honey and orange marmalade. This
dimension is not simply acid–sugar, but a more complex acid–
sweet, where sweet is associated with characters such as floral
and honey. Chemical analysis of the wines suggested that
overall sugar was not a major differentiator, suggesting that
the principle component one was not simply an acid–sugar
dichotomy. The relative sweetness of fructose is considered to
be greater than that of glucose[20] and some wines had fructose
levels above 3 g/l. Fabian and Blum[21] report that the sensitivity
to fructose is 3.5 g/l, such that some wines may elicit a higher
perception of relative sweetness. Wines 1, 5 and 15 were highest
in fructose and amongst the highest in overall sugar, yet were
well separated by this second principal component by a factor
which was not readily apparent.
As well as illustrating the relationship amongst the various
descriptive terms, the PCA also displays the proximity of each
wine with respect to both each other and their defining characteristics (see Figure 2).
Wines with similar characteristics were determined from the
PCA and combined with the use of mean intensity ratings; wines
were then classified into one of four styles. The sensory profile
of each style is represented on Figure 3, in which the centre
represents low attribute intensity, with increasing intensity
towards the perimeter.
Style 1

Flavour Fragr. J. 2009, 24, 238–244

Style 2
All wines in style 2 were from either the 2005 or 2006 vintages.
Wines in this group had a lower perceived sweetness and higher
perceived acidity than style 1. The lemon–lime, lychee, floral,
pineapple and confectionary characters were also lower but
more intense than in styles 3 and 4. The grapefruit aroma was
higher in style 2 than for any other styles. The higher acidity and
lower sweetness indicated that these wines were made with
future bottle development anticipated. At the time of testing,
however, developed characters of honey, toast, orange marmalade and kerosene were relatively low. The relatively high intensity of fresh fruit characteristics would also appear to make these
wines an attractive early drinking proposition (as for Style 1),
with the potential for positive development with further bottle
age.

Copyright © 2009 John Wiley & Sons, Ltd.
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Only one wine was located in this region of the PCA. Wine 1 was
from the 2006 vintage and had the highest average rating for
confectionary, floral, lemon–lime and pineapple aroma. The highest

residual sugar was also clearly apparent to the tasting panel,
as this wine had a high intensity rating for sweetness. Wine 1
also had the highest pH of all samples and one of the lowest
titratable acidity (TA) measurements. The perception of acidity is
a complex phenomenon, influenced by sugar and acid levels to
name just two. The sensory panel rated this wine style as having
the lowest perceived acidity level, probably a direct reflection of
the above. This is an unusual style for HVS, which probably
explains its isolated location on the PCA. Wine 1 also had the
lowest intensity rating averages for kerosene, toast and orange
marmalade attributes. Produced in order to maintain a relatively
high sweetness and lower acidity, Style 1 has relatively overt fruit
characters and would appear to be suitable for early consumption.
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Figure 2.

PCA factor plot for attributes with wine overlayed. PC1, ‘bottle age’; PC2, ‘acid–sweet’

Style 3
The wines located in this section of the PCA had the highest
perceived acidity of all styles. The wines from this category had
the lowest pineapple and lychee aroma of all wine styles and the
intensities of floral, confectionary, grapefruit, asparagus, grassy
and lemon–lime aromas were lower than were found in styles 1
and 2. Figure 3 illustrates that style 3 was also relatively low in
perceived sweetness. Acid levels are important for bottle ageing
potential, such that this style seemed to be intended for ageing;
it is likely that these wines will transition to style 4 after several
years.
Style 4
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All wines in this section of the PCA had a minimum age of 3 years.
The three oldest wines in the study; wine 11 from 2001, wine 10
from 1998 and wine 9 from 1996 were located in this region of
the PCA. Wines in style 4 were found to have the highest intensity of developed characters—toast, honey, orange marmalade
and kerosene. The highest hay/straw character average was also
obtained by this cluster of wines. Not surprisingly, the oldest
wine, wine 9, was found to have the highest honey, toast and orange
marmalade characters. Interestingly, a 2002 vintage wine, wine
8, had the second highest honey and orange marmalade intensity as well as the most intense kerosene aroma.

www.interscience.wiley.com/journal/ffj

Style 4 wines are lower in fruit characters (floral, confectionary,
grapefruit and lemon–lime) and grassy character in comparison
to styles 1–3. Nevertheless, it was apparent that the lemon–lime
aroma was still present in this Semillon style. Similarly, the
average acidity intensity was only marginally lower than found
in styles 2 and 3 and higher than style 1. The lowest perception
of sweetness was also observed in style 4. This style aligns most
with the colloquial description of HVS—developed characters
along with maintaining lemon–lime characteristics and fresh
acidity.[6,19]

Conclusion
The current study defined four distinct HVS styles, two of which
had been reported previously.[6,7] Style 4 is the quintessential
aged HVS style showing developed characters balanced with
lemon–lime freshness. Style 3 is the group of wines that some
refer to as lean, grassy with prominent acidity. Wine 15 from this
group was the same label, made using similar viticultural and
winemaking practices as wine 10 from style 4, although four
vintages earlier. This provides some validation that wine 15 and
others from style 3 will likely develop into quintessential HVS
(style 4) after several years of cellaring. The identification of styles 3
and 4 confirm that ageing is important to flavour development;
further, that claims of austerity when young and richness when
aged are supported to some extent.

Copyright © 2009 John Wiley & Sons, Ltd.
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Figure 3.

Mean attribute intensity of wines in each of styles 1– 4. This figure can be viewed in colour online.

Flavour Fragr. J. 2009, 24, 238–244

apparent ageing potential. Further research is needed to discover the winemaking and viticultural practices that lead to
each of the four styles defined, as well as consumer preference
research to determine whether all styles appeal to consumers.
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CHAPTER III
PAPER 2 - CONSUMER PREFERENCE OF HUNTER VALLEY SEMILLON

III.1. Introduction to Paper 2
After completion of the sensory descriptive analysis (DA) of Hunter Valley Semillon
(HVS) (Blackman & Saliba, 2009), consumer preference testing was undertaken. A
representative selection of the HVS wines studied were presented to consumers to help
determine both their overall preference and to see if one particular HVS Style was
preferred over another. The primary drivers of these wine styles are fresh fruit
characters including lemon/lime, pineapple and floral characters versus aged attributes
including honey, toast and kerosene. The other main difference between the wine
styles is the balance between sweetness and acidity. This investigation also allowed
the examination of the taste preference of these characteristics to white wine generally.
Consumer characteristics (consumption habits and wine knowledge) and basic
demographic information was also collected to determine if any of these factors
influence preference.

III.2. Summary of Aims for Paper 2
Present HVS wines from the DA that are representative of the each of the 4 Styles
identified to investigate the overall consumer preference of HVS. The collection of
basic demographic, wine consumption habits and a self-reported wine knowledge data
and application of internal preference mapping to identify if any of these consumer
characteristics influence HVS preference.
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Consumer preference of Hunter Valley Semillon

Abstract
Taste preference of Hunter Valley Semillon (HVS) was investigated by recruiting 303
participants to rate 6 wines that were representative of the 4 distinct HVS wine styles
that have been previously identified. Demographic, wine consumption pattern and
self-reported wine knowledge data were also collected. Internal preference mapping
was performed to elucidate consumer preference for the representative HVS wine
samples. Overall, it was found that fresh fruit characters such as lemon/lime as well as
acid-sugar balance were the most important drivers of preference for HVS. To a lesser
extent, developed characters were favoured by a sector of consumers who consumed
wine frequently and indicated a higher self-reported wine knowledge. The consumer’s
age and years of wine consumption did not influence preference.

Keywords
Hunter Valley Semillon, consumer preference, wine knowledge, internal preference
map
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1. Introduction
Acquiring an understanding of consumer preference for particular wine styles is
important for wine makers and wine marketers alike. Individual preference variability
is well acknowledged and has been previously reviewed (Bisson, Waterhouse, Ebeler,
Walker & Lapsley, 2002; Simons & Noble, 2003) and so consumer demographics and
characteristics have been investigated. Most consumer wine research has relied on a
variety of survey types which measured self-reported liking (Bruwer, Saliba & Miller,
2011; Cox, 2009; Johnson & Bastian, 2007; Johnson & Bruwer, 2003; King, Johnson,
Bastian, Osidacz & Francis, 2012). Self-reported liking has presumably been utilised
to enable the investigation of a large number of responses without the effects of
alcohol and palate fatigue; experimental design requirements can also necessitate a
large number of consumers which is expensive and time consuming.

Wine research studies which have combined consumer segmentation and actual tasting
have been reported to a lesser extent. Demographic and consumption characteristics of
Australian consumers were investigated in a consumer acceptability study of a varied
range of Australian Cabernet Sauvignon and Shiraz wines (Lattey, Bramley & Francis,
2010). A comparison of Chinese and Australian consumers’ liking for an even more
diverse selection of red wines showed broadly similar preferences between the cultural
groups (Williamson, Robichaud & Francis, 2012). Red wines with high levels of fruit
attributes and sweetness were found to be preferred whilst wines with strong acidity
had low acceptance. Another study showed there was no overall difference in liking
ratings for another diverse set of American and Italian red wines when objective wine
knowledge test was considered (Frøst & Noble, 2002). However, a study which
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manipulated a red wine, found that wine expertise accounted for differences in sensory
preference between academic panellists but no difference between normal consumers
(Mueller, Francis & Lockshin, 2008).

Wine knowledge is one of the consumer segmentation parameters in which wine
professionals have been most interested when attempting to determine the profile of
wine drinkers. Wine knowledge can be measured in one of two ways: subjectively or
objectively. Subjective wine knowledge is the self-reported perception of a consumer’s
wine acumen (Flynn & Goldsmith, 1999). Alternatively, a sequence of wine related
questions in a formal testing situation has been used in several wine studies in an
attempt to objectively measure the knowledge of wine consumers (Frøst & Noble,
2002; Johnson & Bastian, 2007; Johnson & Bruwer, 2003). One of these studies
(Johnson & Bastian, 2007) investigated the consumer’s subjective and objective wine
knowledge and reported that there was a strong relationship. This suggests that
subjective assessments, while perhaps indicating something slightly different to
objective measures, can indeed be used as a proxy for actual or objective experience.
Subjective testing was used in a study to reveal that consumers with high wine
knowledge were more likely to prefer Riesling and those with low wine knowledge (in
particular young females) preferred Sauvignon Blanc and disliked Chardonnay (King,
Johnson, Bastian, Osidacz & Francis, 2012). Sweeter wine styles have been reported
to be preferred by younger drinkers, with a preference of medium body wine over both
light and full bodied styles (Bruwer, Saliba & Miller, 2011). In the same study,
females reported to prefer fruit and oak aromas whilst males indicated they preferred
aged characters of wine to a greater extent.
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Investigations of the consumer preference of white wines where tasting was required
rather than self-reported preference, and especially those that also combine wine
knowledge, have been reported to a lesser degree than in the case of red wines.
Previous work has shown that undefined consumer segments differed due to the
intensity of floral, apricot/peach and oak derived aromas in a Chardonnay study
(Yegge & Noble, 2001). In another study, no differences in liking scores between
novices or experts were obtained in Chardonnay and Melon de Bourgogne wines
(Ballester, Dacremont, Le Fur & Etievant, 2005) while New Zealand consumers were
reported to prefer Marlborough Sauvignon Blanc rather than examples from other
countries (Lund, Thompson, Benkwitz, Wohler, Triggs, Gardner, Heymann &
Nicolau, 2009). A study investigating the preference of Chardonnay, Riesling and
Sauvignon Blanc found that the most important driver of wine style preference was
fruit and sweetness against drying and oaky attributes (Lesschaeve, Bowen & Bruwer,
2012), however no difference was reported for the a priori groups tested. These a
priori groups were selected on a combination of age, gender, consumption, income
and wine knowledge, rather than looking at individual consumer characters and
demographics in isolation.

The authors believe that studies of consumer preference for multiple varieties such as
‘Australian Shiraz and Cabernet Sauvignon wines’ are too broad and limiting
investigations to one variety is preferable. Given the diversity of flavours found in
varietal wines that are vinified with slightly different methods, it is already a challenge
to present a representative set of wines. Therefore individual varieties from a single
region would appear to be a more desirable mode of investigation. The current study
aims to identify consumer preference, using actual tasting, of an individual varietal
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wine type, Semillon, from a particular region, the Hunter Valley, Australia. Four
distinct styles of Hunter Valley Semillon (HVS) have been reported (Blackman &
Saliba, 2009) and selection of wines for presentation to consumers in this study has
been established using these four styles. The primary drivers of these wine styles are
fresh fruit opposed to aged attributes and sweetness/acidity balance and so this study
can also add to knowledge about preference for these characteristics in white wine.
Effect of consumer segments including age, gender, consumption habits and selfreported wine knowledge, on actual taste preference, will also be explored as there is
limited current knowledge.

2. Material and methods
2.1. Sensory Descriptive Analysis (DA) and selection of wines for consumer
tasting
The sensory descriptive analysis (DA) to characterise the wines and identify the HVS
wine Styles has been previously reported (Blackman & Saliba, 2009). Multivariate
analyses and attribute means were utilised to classify the wines and four distinct
groups, denoted as HVS Styles 1-4, were identified (Blackman & Saliba, 2009). Six
wines from this study were selected for the consumer tasting as they were archetypal
examples of the respective styles and would also provide a manageable tasting load for
the participants in the study. Other studies have shown that a similar number of
samples can adequately represent a much larger number of wines (Hopfer &
Heymann, 2014). Two wines from each of styles 2 and 4 were selected. Whilst there
were subtle differences between the wines from the same style, this also allowed the
validity of the consumer by style data to be examined. The characteristics of the 6
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wines used for consumer testing are illustrated in Figure 1, as determined in the
previous study (Blackman & Saliba, 2009).

2.2. Consumer Tasting Procedure
A total of 303 adults were recruited from food and wine events staged in Sydney and
Wagga Wagga, New South Wales, Australia. The consumer testing was conducted
within 6 months of the DA which was used to select 6 wines representative of the 4
styles. Selection criteria were that the consumer be interested enough in wine to
undertake the tasting. Proof of age (18 years or older) was also required. Consumers
were required to read an information sheet, sign a consent form and complete a
demographic questionnaire. A rating of self-reported wine knowledge was requested
on a zero to nine point scale. This scale was anchored by “No Knowledge” and
“Extremely Knowledgeable” on the left and right hand side respectively.

All 6 wines were presented to each consumer, allowing a Williams Latin Square
Design that was balanced for first order carryover effects (Williams, 1949). Previously
prepared response sheets allowed the participant to rate the 6 wines for overall liking,
with tasting orders clearly indicated and corresponding to the wines presented. The
wines were served in three-digit coded wine glasses. Consumers rated each wine for
overall liking using the nine-point hedonic scale (where 1 = dislike extremely and
9 = like extremely). For this data collection, 122 consumers were recruited from
Wagga Wagga and the remaining 181 from Sydney. A multivariate analysis of
variance (MANOVA) revealed no significant differences in preference for each 6
wines between the two locations, so data were combined for further analyses.
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2.3. Data Analysis
The Statistical Package for the Social Sciences (SPSS version 16.0; SPSS Inc.,
Chicago, IL) software package was used for all statistical analysis except the internal
preference maps. Consumer preferences were further evaluated by performing internal
preference mapping, which was preferred over external methods considering the main
goal was to understand consumer preferences for white wines and not to predict
preferences. A principal component analysis (PCA) was therefore performed on a
table comprised of products in rows and consumers in columns. Significant sensory
attributes were correlated with the principal components to enable interpretation of the
preference dimensions. The covariance matrix was utilised so consumers with small or
zero preferences or low standard deviations did not influence the map structure
(Schlich 1996).

3. Results and Discussion
3.1. Overall Preference
It is rare for wine consumer testing to yield a single wine that was liked significantly
more than all other wines, however the mean values in Figure 2 show that mean
preference for Wine F is higher than for all other wines. A subsequent ANOVA
revealed that the mean for Wine F was significantly different to the means for all other
wines, suggesting that Wine F was significantly more preferred by all consumers, on
average (Table 1). All comparisons are provided on Table 1 as other comparisons,
including the non-significant ones, are worthy of consideration. For example, the mean
preference difference between wines of the same ‘Style’ (i.e., Wines B and C from
Style 2 and Wines A and E from Style 4) reveal that no significant difference is found,
indicating that the consumers must have found these wines somewhat similar,
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providing a level validity for both the consumer data as well as the original ‘Style’
designations.

Mean consumer preference ratings are illustrated in Figure 2. Wine F, an example of a
Style 1, had greater sweetness and a lower acidity than the other styles. It also had the
highest confectionary attribute and was amongst the highest for lemon/lime, pineapple
and floral (Figure 1).The predilection for this style was also clearly demonstrated by
the internal preference map (Figure 3), as all consumer groups are heavily represented
near Wine F.

The most notable difference between Wine F and all others wines studied is the greater
perceived sweetness. The influence of sweetness on the overall consumer preference
for this wine style is multilayered and surmised here. The absolute preference of subtle
sweetness in a wine is important as it has been reported that wine consumers prefer a
moderate level of sweetness in Australian red wines (Williamson, Robichaud &
Francis, 2012) whilst Lattey, Bramley and Francis (2010) reported that the sweetest
wine was the most preferred when investigating consumer preference for a range of
Shiraz and Cabernet Sauvignon wines. Subsequent work to the current study has also
found that HVS wines with a lower perceived acidity and higher sweetness had a
greater acceptance with all consumers (Blackman, Saliba & Schmidtke, 2010). An
increased level of sweetness has been previously demonstrated to mask perception of
acidity in white wine (Noordeloos & Nagel, 1972; Pangborn, Ough & Chrisp, 1964),
another factor which contributes to an increased acceptance (Blackman, Saliba &
Schmidtke, 2010).
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The next most favoured wines were Wines B and C, with a mean consumer preference
ratings of 4.25 and 4.16 respectively (Figure 2). Whilst rated significantly lower than
the Style 1 wine, Wine F, these wines were rated significantly higher than all
remaining wines. The overall popularity of these two wines (and therefore Style 2 in
general) seems to follow the same pattern as for Style 1’s popularity – relatively high
levels of primary fruit characters such as lemon/lime, pineapple, grapefruit and
confectionary with lower levels of the developed characters (honey, toast and
kerosene) (Figure 1). In summary, the overall balance of sweetness and acidity appears
to be a common factor in the more favoured wines, as well as fresh fruit aromas and
the absence of developed characters. Research on wine balance has previously been
limited to the determination and discussion of wine quality (Charters & Pettigrew,
2007; Meillon, Viala, Medel, Urbano, Guillot & Schlich, 2010), and so further studies
involving the concept of wine quality, balance and preference would be a valuable
investigation. Wine D, representative of Style 3, rated significantly lower than the
Style 1 and 2 wines (Figure 2). HVS Style 3 wines are characterised by high perceived
acidity, have some grassy and hay/straw characters but lack the prominent fresh fruit
characters that are features of Styles 1 and 2 (Figure 1). The paucity of any consumer
segments represented by a close proximity to the Style 3 Wine D is also evident from
the Internal Preference Map (IPM) (Figure 3). It is interesting that this higher acid
wine had the lowest preference overall, even though it had a slightly higher mean
rating (Figure 2) than the Style 4 wines. However, as it is rated significantly lower in
preference to the other younger HVS Styles, it does not seem to be a wine style that
should be targeted by winemakers if vintages conditions are favourable and allow
adequate fruit ripening.
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Wines A and E, both Style 4 wines were rated as the lowest for overall preference.
This HVS wine style is the lowest in primary fruit characters (lemon/lime,
confectionary, floral, grapefruit) and has the most developed characters (honey, toast,
orange marmalade and kerosene) (Figure 1). It would appear that either the consumers
rated these wines as least preferred because of a lack of fresh fruit characters, a dislike
of the developed characters or a combination of both. These wines also rated the
lowest for perceived sweetness (Figure 1), another possible reason for the
unfavourable response as discussed above.

3.2. Effect of wine-drinking experience, age, frequency of consumption, gender
and self-reported wine knowledge
3.2.1. Age and wine drinking experience
Internal preference mapping (not shown) failed to indicate that either a consumer’s age
or wine drinking experience (as indicated by the period of overall consumption)
influenced the preference towards a particular wine style, other than the consistent
preference to the Style 1. This is in general agreement with Lesschaeve, Bowen and
Bruwer (2012) who found that most demographics, such as age did not influence white
wine preference.

3.2.2. Frequency of consumption / self-reported knowledge
Figure 4 shows that the majority of consumers represented near wine Style 4 reported
higher wine knowledge; specifically, between 5 and 8 inclusive. This compares to
consumers who declared a lower than average wine knowledge (0-4), none of which
are represented near Wine E and only two adjacent to Wine A. Similarly, Figure 5
indicates that the people who preferred Style 4 wines reported a higher than average
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frequency of consumption, If Figures 4 and 5 are reviewed simultaneously, it becomes
apparent that the consumers that drink wine regularly as shown on Figure 5 are almost
exclusively the same people that reported a higher than average self-reported
knowledge on Figure 4. These results are in agreement with a previous study (Flynn &
Goldsmith, 1999) that reported that subjective wine knowledge correlated positively
with increased weekly consumption of wine.

The aged characteristics of Style 4 wines (honey, toast, orange marmalade and
kerosene whilst retaining lemon/lime character) seem to be characteristics that a
segment of consumers with higher wine knowledge and frequent consumption are able
to appreciate. Consumer acceptability or preference of aged wine, red or white, is
largely unreported although those with a high self-reported wine knowledge have
previously been found to prefer Riesling wines (King, Johnson, Bastian, Osidacz &
Francis, 2012). These style 4 wines have some similarities to aged Riesling, most
notably lemon/lime, acidity and developed honey, toast and kerosene flavours. In
another study, a section of consumers who reported to be very knowledgeable in
regards to wine, preferred less sweet wines with caramel, butterscotch and petroleum
notes (Lesschaeve, Bowen & Bruwer, 2012).

The fact that consumers may not like, on average, aged characters may not be limited
to white wine. Red wines with primary fruit characters, typical of young wine, such as
‘red berry’ and ‘floral’, have been reported to be positive sensory drivers (Lattey,
Bramley & Francis, 2010) whilst some aged characters, earthy, leather and possibly
band-aid, have been shown as negative correlations for liking (Torri, Noble &
Heymann, 2012). However another red wine study where objective wine knowledge
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and red wine tasting was studied (Frøst & Noble, 2002), reported that there was no
significant overall difference in liking based on the wine knowledge testing. This
study also found that “berry” characters were liked more significantly than those with
leather aroma, although the influence of wine age was not discussed. Results in the
current study indicate that whilst aged characters in white wine are not favoured by the
majority of consumers, a niche group of consumers with high self reported wine
knowledge or regular consumption do seem to appreciate these characters. The Style 4
wines also have the lowest perceived sweetness of the wines used and this is another
possible factor which may also contribute to sections of these groups preferring these
wines. The influence of sweetness to overall consumer preference has been previously
discussed. Whilst the principal difference of the Style 4 wines to all other wine style
was the aged characteristics, the influence of lower perception of sweetness should not
be dismissed. Indeed, in a further study, the authors of this study have found that
“experienced” consumers preferred HVS wines with less added glucose than did the
novice group (Blackman, Saliba & Schmidtke, 2010).

3.2.3. Gender
Figure 6 indicates that there is a slight preference difference based on gender, as, of
the respondents who indicated liking Wine A, there were more males than females.
The most obvious explanation for the preference of this group of males is that they
enjoy the developed characteristics of this wine. Wine A is the oldest wine in the study
and most of the aged characters (particularly honey and orange marmalade) are higher
than in all other wines, including Wine E, the other Style 4 wine used in the study.
These results are in agreement with the self-reported study that showed that females
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prefer fruit aromas whilst males indicated they preferred aged characters (Bruwer,
Saliba & Miller, 2011).

Despite the positioning of predominantly male consumers towards the lower part of
the bottom left hand quadrant, it is doubtful that the IPM (Figure 6) indicates a liking
of high acid wines such as Wine E. The IPM is driven by the predilection for Wines F,
especially, as well as Wines C and B. Therefore the consumers depicted in the bottom
left quadrant are also those who rated these wines lowly, rather than having a
preference for the more acidic Wine E.

4. Conclusion
Consumer sensory preferences were reported for an individual varietal wine type,
Semillon, from a particular region, the Hunter Valley. Additionally, the difference in
preferences towards four previously identified distinct styles of HVS was determined.
Neither the age of the consumer nor the years consuming wine appeared to have an
effect on wine style preference. However, the consumer’s self-reported wine
knowledge and the frequency of consumption do have some influence. It was also seen
that these two groups are closely related, as had been previously inferred by the
relationship between wine purchase and knowledge (Flynn & Goldsmith, 1999). This
combined group had positive appreciation for the developed characters including
honey, toast and kerosene. This relationship has been previously suggested in a selfreport white wine study that indicated a segment of consumers who like Riesling
(King, Johnson, Bastian, Osidacz & Francis, 2012). Whilst this group represents a
small section of the wine drinking market, the current study has replicated the finding
in Semillon with actual tasting rather than self report measures of taste preference. An
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overall preference for wines with fresh fruit characters, and especially some sweetness
to help balance acidity, opposed to developed characters and higher acid wines was
also found. The current study has investigated HVS and although this variety and
region can be extrapolated to some degree to other white wines, further studies are
required to investigate how relevant these findings are relevant to other wine styles
and regions. Based on our findings further work is particularly justified on wine
balance.
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Table 1: Pairwise comparisons from ANOVA.
Mean difference (I-J)
Wine I
eJ
Wine A

Wine A

Wine B

Wine C

Wine D

Wine E

Wine F

.661*

.576*

.164

.011

1.559*

-.085

-.498*

-.651*

.898*

-.412

-.566*

.983*

-.153

1.395*

Wine B

-.661*

Wine C

-.576*

.085

Wine D

-.164

.498*

.412

Wine E

-.011

.651*

.566*

.153

Wine F

-1.559*

-.898*

-.983*

-1.395*

1.549*
-1.549*

* The mean difference is significant at the .05 level.
a
Adjustment for multiple comparisons: Bonferroni.
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Figure Captions
Figure 1: Spider plot summarising the sensory characteristics of Wines A – F (adapted
from Blackman and Saliba (2009)).
Figure 2: Mean consumer preference for each Wine (A-F). Different colours indicate
different styles. Error bars represent the standard error.
Figure 3: Internal preference map showing all consumers.
Figure 4: Internal preference map showing each consumer’s has reported self-reported
wine knowledge.
Figure 5: Internal preference map showing number of occasions per week that the
consumer drinks wine.
Figure 6: Internal preference map showing gender of each consumer.
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Figure 1
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Style 4
Style 2
Style 3
Style 1

Figure 2
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Figure 3
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Figure 4
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CHAPTER IV
PAPER 3 – EXAMINATION OF THE POTENTIAL FOR USING CHEMICAL
ANALYSIS AS A SURROGATE FOR SENSORY ANALYSIS

IV.1. Introduction to Paper 3
As illustrated in this thesis, sensory investigations such as sensory descriptive
analysis (DA) are difficult procedures that requires the investigator to have a
wide-ranging skill set and invest considerable time for meaningful results. A
comprehensive DA of wines, regardless of subtle or diverse sensory differences,
needs a time period of at least three months to complete the exhaustive panel
training and formal judging. Training is required to achieve a usable, effective
vocabulary and then to help obtain consistency in the recognition and ranking of
all attributes chosen during the investigation. Procedures for DA have been
outlined and reviewed elsewhere (Lawless & Heymann, 2010) and the time-period,
demands and commitment from both panellists and investigators represents a
considerable cost (Meiselman, 1993).
The value of DA is not questioned and it has been recognised that DA is the most
sophisticated, comprehensive and important sensory method, allowing a complete
quantitative investigation of wine characteristics (Lawless & Heymann, 2010; Murray,
Delahunty & Baxter, 2001; Stone, Bleibaum & Thomas, 2012). However the time and
cost of DA must be carefully considered and taken into account in all sensory
investigations.

Analytical measurements for a range of chemical parameters that may be related to
segments of taste, texture and aroma are often faster and less expensive than sensory
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analysis. Chemical data has also been claimed to be more objective than sensory
analysis (Jack & Steele, 2002) although it is important to acknowledge that total
flavour cannot be measured directly by instrumentation (Piggott, 1994). Whilst
individual compounds or quality parameters (e.g. sugars or pH) can be can be
measured, the interactions between them that give rise to flavour are difficult to fully
elucidate. Recent advances in chemometric methods for the interpretation of multiblock data have provided new methodologies for data treatment (Hanafi, Kohler &
Qannari, 2010). Multi-block methods facilitate the comparison of different blocks of
variables describing the same samples, highlighting similarities and differences among
the blocks and also among the variables within each block. The present study
investigates the potential of using a multi-block technique known as Common
Components and Specific Weight Analysis (CCSW) (Qannari, Wakeling, Courcoux &
MacFie, 2000) to the comparison of sensory descriptors and chemical analysis of a
white wine. Chemical and DA data was available from the investigation
(Blackman & Saliba, 2009) and this technique was applied to HVS and reported in the
following paper (Blackman, Rutledge, Tesic, Saliba & Scollary, 2009).

IV.2. Summary of Aims for Paper 3
The technique of CCSW was applied to the dataset from the DA and chemical
analyses to determine significant relationships between specific components.
This investigation was undertaken to investigate the use of chemical composition data
to complement and/or supplement sensory analysis.
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a b s t r a c t
The application of a multi-block statistical analysis method, known as Common Components and Speciﬁc
Weight Analysis, to the determination of connections between sensory descriptors and analytical data
for Hunter Valley Semillon is described. Sixteen wines were used in the data analysis with 15 sensory
descriptors and 10 analytical measurements available for each wine. The multi-block analysis simpliﬁes the comparison between the data sets and allows relationships between the sensory and analytical
parameters to be readily ascertained, more effectively than a linear regression approach. A sweetness zone
established the connections between several sensory descriptors and analytical measurements based on
fructose. Glucose was not part of the sweetness connections, although glycerol was connected to the sensory sweetness descriptors. Sensory assessment of acidity was positively related to the titratable acidity
and pH was negatively related. The malic acid concentration was also negatively related to sensory acidity and the possible reasons for this are described. Several sensory descriptors including toast, honey
and kerosene were found to be in opposition to the sweetness sensory parameters and not connected to
any analytical parameters. The outcomes of this multi-block treatment indicate the potential for using
analytical measurements as a surrogate for sensory analysis.
© 2009 Elsevier B.V. All rights reserved.

1. Introduction
Sensory analysis involves the application of human senses to the
description and/or evaluation of a product for consumer use. Rigorous sensory analysis involves a panel of assessors that have been
trained for a speciﬁc evaluation. For example, the determination of
descriptors to characterise a wine style or to assess the impact of
a processing step on the wine style is now a routine practice. Each
separate sensory exercise, however, requires an intensive training
program for the assessors.
A full sensory analysis, particularly descriptive, texture and
time-intensity analyses, are complex processes demanding considerable time with an associated high cost. A proper sensory analysis
of a food or beverage, including wine, can take at least 3 months
and possibly 6 months of training and application. Extensive training is necessary to ensure consistency in and between assessors.
The time period demands commitment from panel members and

∗ Corresponding author. Tel.: +61 412 109 589.
E-mail addresses: scollary@unimelb.edu.au, gscollary@optusnet.com.au
(G.R. Scollary).
1
Formerly.

this in turn implies a high cost of the operation [1]. The time and
cost factors restrict the extent to which full sensory analysis can be
routinely applied.
The generation of analytical measurements for a range of quality
parameters related to aroma, ﬂavour and texture is faster, generally less expensive and more objective than sensory analysis. That
is analytical measurements, when properly collected, do not suffer
from bias due to personal preference [2]. The application of chemometrics to the interpretation of analytical data has opened up many
interesting possibilities in food and beverage studies, particularly
with respect to process monitoring, determination of geographical
origin, authentication, adulteration and substitution [3–6].
The possibility of using analytical data as a surrogate for sensory
data is less well examined, although Lesschaeve [personal communication] argues that this has been a sought after goal in many
studies over the last 20 or more years. This position is supported by
Piggott [7], who argues that ﬂavour cannot be measured directly
by instruments. That is only individual chemical compounds can
be measured quantitatively by instrumental analysis and not the
interactions between them that give rise to ﬂavour.
While there have been several studies examining the link
between sensory properties and aroma compounds, the main focus
has tended to be on validation of the product type or characterising

0003-2670/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.aca.2009.10.062
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its origin. For example, there have been studies examining the link
between sensory properties and non-volatile and volatile parameters on dry-cured ham [8], drinking water [9], balsamic vinegar [10],
broiler chicken cuts [11] and netted muskmelon [12]. Bakker and
Arnold [13] have described the positive relationship between sensory perception and chemical data for colour in port wines, while
Kennedy et al. have examined the relationship between several
methods of tannin analysis in red wines and perceived astringency
[14]. Neural networks have been applied to modelling the sensory
characteristics in Scotch whiskey [2] and beer [15]. The potential of
instrumental texture measurements as a substitute for the sensory
assessment of grape berry ripening properties has been evaluated
[16].
A predictive model for the characterisation of the aromas in
coffee based on the correlation between descriptive sensory proﬁling and analytical measurement obtained by proton transfer
reaction-mass spectrometry [17] opens up new possibilities for
using chemical analysis as a surrogate for sensory analysis. Principal Component Analysis was used in this coffee study. The recent
advances in chemometric methods for the interpretation of multiblock data have provided new methodologies for data treatment
[18]. Multi-block methods facilitate the comparison of different
blocks of variables describing the same samples, highlighting similarities and differences among the blocks and also among the
variables within each block. The present study investigates the
potential of using a multi-block technique known as Common Components and Speciﬁc Weight Analysis [19] to the comparison of
sensory descriptors and chemical analysis of a white wine. Semillon wine from the Hunter Valley, Australia, was chosen for this
study. This wine is characterised for its low alcohol concentration
(about 10%, v/v), high acidity (pH 3.2 or less), low residual sugar
and capacity for ageing [20,21].
2. Experimental
2.1. Wine samples
Sixteen Semillon wines from the Hunter Valley, Australia, were
provided by wine companies supporting a major study entitled
‘Matching Semillon characteristics to consumer expectations’. All
wines were in bottle and opened only for sensory and chemical
analysis. The selected wines spanned 10 vintages.

3

2.2. Chemical analysis
Table 1 contains the analytical parameters for the 16 Semillon
wines. Glucose and fructose concentrations were determined using
a d-glucose/d-fructose enzymatic kit from Boehringer (Mannheim,
Germany). The total glucose plus fructose concentration (Total
(G + F) in Table 1) was obtained by summing the individual
values, while the sugar sweetness response was calculated as (glucose + 2.382 fructose) concentration to allow for the enhanced
sweetness of fructose with respect to glucose and to allow for its
earlier perception [22]. Malic acid was determined enzymatically
using a l-malic acid kit from Boehringer (Mannheim, Germany).
Glycerol was also determined enzymatically using a Megazyme
K-GCROL kit (Megazyme International Ireland Ltd.). The pH and
titratable acidity (TA) were assessed using a Cyberscan 510 pH
meter, with the TA being determined by titration to pH 8.2 with
sodium hydroxide and quoted as gram tartaric acid equivalents per
litre. The volatile acidity was determined using a Foss WinescanTM
analyser. An Anton Parr Alcolyser DMA 450 density meter was used
to determine the alcohol concentration.
2.3. Sensory analysis
The sensory descriptors were determined by a panel composed
of six females and nine males aged 21–45 years. An exhaustive
list of descriptors was gradually reﬁned during a 9-week period
in May–July 2007 such that 15 common descriptors were included
in the ﬁnal testing. The inclusion criteria followed the international
standard ISO 11035:94 [23], where consideration was given to the
relevance to Hunter Valley Semillon, the discrimination between
samples afforded and the panel’s ability to detect and easily recognise each descriptor.
The descriptors, acidity and sweetness, could be considered to
be taste parameters, while the remaining 13 descriptors characterise the aroma proﬁle. Table 2 (taken from [24]) summarises the
sensory data used in this analysis.
2.4. Data analysis
Simple linear regressions and multiple linear regressions were
performed on the sensory and analytical parameters using Statistica 7.1 (StatSoft, Inc., 2005).

Table 1
Analytical parameters for the 16 Semillon wines. Values are in g L−1 , except alcohol (%, v/v).
Analysis code
A1
Glucose
Wine code
A
0.61
B
0.32
C
ND
D
0.13
E
0.16
F
0.24
G
0.93
H
0.43
1
0.23
J
0.49
K
1.49
L
0.13
M
0.17
N
1.41
O
0.05
P
1.55
a
b

A2
Fructose

A3
Total (G + F)a

A4
Sugar sweetness
responseb

A5
Titratable
acidity

A6
pH

A7
Alcohol

A8
Malic
acid

A9
Volatile
acidity

A10
Glycerol

5.93
0.31
0.08
ND
0.27
2.04
0.97
0.78
3.39
3.48
1.73
1.25
0.03
1.56
0.16
2.11

6.54
0.63
0.08
0.13
0.43
2.28
1.9
1.21
3.62
3.97
3.22
1.38
0.2
2.97
0.21
3.66

14.74
1.06
0.19
0.13
0.80
5.10
3.24
2.29
8.30
8.78
5.61
3.11
0.24
5.13
0.43
6.58

6.7
6.5
7.7
6.3
8.2
7.5
7.3
6.2
6.9
7.6
7.1
6.8
7.5
7.7
6.5
6.9

3.25
3.15
2.84
3.09
2.92
2.89
3.05
3.09
2.93
2.89
3.16
3.08
2.89
3.09
3.24
2.97

10.48
10.32
10.64
10.43
11.33
10.37
10.71
10.50
10.68
10.09
11.37
11.87
10.12
10.13
11.57
10.64

2.3
1.7
1.4
3.2
1.7
1.7
2.7
2.6
1.9
1.6
2.9
1.5
1.3
2.5
2.3
2.4

0.2
0.3
0.2
0.3
0.3
0.2
0.2
0.3
0.2
0.1
0.2
0.2
0.1
0.3
0.2
0.3

4.96
3.97
3.94
4.93
5.11
4.08
5.49
4.45
5.88
4.04
4.86
5.91
3.99
3.77
4.01
4.50

Total G + F, sum of the glucose (G) and fructose (F) concentration.
Sugar sweetness response; see text for details of calculation.
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3.48
0.98
1.67
1.83
1.24
1.01
2.47
0.78
2.72
1.28
0.90
1.45
1.28
1.67
1.51
2.54
1.08
4.23
1.51
2.21
2.72
5.33
1.17
5.46
1.03
2.15
2.72
1.96
3.54
2.13
3.06
1.26
Wine code
A
5.24
B
3.73
C
4.29
D
4.59
E
4.09
F
3.20
G
5.37
H
3.75
I
4.50
J
4.18
K
3.98
L
4.55
M
3.74
N
4.50
O
3.77
P
4.51

4.10
1.51
2.40
2.59
2.17
1.62
4.13
1.77
3.91
1.99
1.77
2.27
1.91
2.72
1.77
3.60

2.63
2.19
2.83
2.43
2.17
1.63
2.85
1.72
2.91
2.26
2.47
2.66
2.19
2.54
2.23
2.45

3.13
1.67
2.09
2.17
2.38
1.26
3.22
1.95
3.13
1.85
1.52
1.98
1.94
1.98
2.48
2.23

2.27
3.76
3.06
2.83
3.01
3.78
2.21
3.79
2.59
3.26
3.34
3.19
3.13
2.85
3.01
3.05

0.98
2.74
0.79
1.43
2.14
2.18
1.47
3.64
1.04
1.09
1.55
1.21
1.34
1.93
2.39
1.30

2.28
4.62
1.59
2.57
3.66
4.15
1.80
5.55
1.78
2.76
2.55
2.21
2.81
2.66
3.28
2.46

2.55
1.76
2.49
2.26
1.78
1.27
2.55
1.33
2.97
2.16
2.33
2.18
1.79
2.17
1.72
2.45

1.30
1.51
1.06
1.57
0.87
1.04
1.33
0.82
1.13
1.04
1.45
1.07
0.95
1.22
1.31
1.34

1.67
1.12
0.94
1.40
1.01
0.96
2.04
1.27
1.49
0.89
0.70
1.16
1.00
1.29
1.14
1.81

1.46
3.74
1.77
1.68
2.61
2.83
1.24
3.13
1.18
1.79
2.32
2.09
2.24
2.11
2.43
1.61

4.49
5.06
5.89
4.91
5.30
5.14
5.42
4.87
5.77
5.70
5.00
5.01
5.53
4.90
4.21
4.81

S15
SWEET
NESS
S14
ACIDITY
S13
CONFECTI ONARY
S12
KEROSENE
S11
LYCHEE
S10
ASPARAGUS
S9
GRASSY
S8
TOAST
S7
HONEY
S6
ORANGE
MARMALADE
S5
HAY/STRAW
S4
PINE
APPLE
S3
GRAPE
FRUIT
S2
FLORAL
SI
LEMON/LIME

Sensory code

Table 2
Sensory descriptors for the 16 Semillon wines. See Ref. [24] for details.

5.05
2.52
3.05
3.33
2.89
2.88
3.86
2.79
3.83
3.07
3.37
3.67
3.09
3.67
2.93
3.99
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Fig. 1. Correlations between all pairs of sensory and analytical parameters.

The Common Components and Speciﬁc Weight Analysis multiblock approach, abbreviated as ComDim, was also applied to relate
the sensory and analytical data. Qannari et al. [19] have described
the statistical deﬁnition and interpretation of ‘common dimensions’ as well as demonstrating mathematically the equivalences
and difference among several multi-block methods. The theory of
ComDim multi-block analysis method is described in Scheme S1
(Supplementary Data). To avoid giving too much weight to variables with large values or large variability in the analysis used here,
all data were column-centred and standardised, that is subtracting
each column’s mean and then dividing each column by its standard
deviation.
3. Results and discussion
The correlations among all the analytical variables (columns and
rows 1–10) and sensory variables (11–25) are presented graphically in Fig. 1 (see also Supplementary Fig. S1) where it is clear that
the positive and negative correlations are much stronger within
the sensory variables block than between the analytical and the
sensory variables blocks. Supplementary Figs. S2–S4 show the correlations between all pairs of analytical parameters, all pairs of
sensory parameters and sensory and analytical parameters respectively.
The initial statistical analysis used simple linear regressions
to determine if there were any potentially signiﬁcant correlations between the sensory and analytical data that would suggest
that there may be value in a more detailed analysis. Table 3 and
also Fig. S4 present a summary of the correlations found by this
approach.
The sensory SWEETNESS (S15) score is clearly signiﬁcantly correlated with the analytical measures of residual sugar, that is with
the total glucose plus fructose concentration (Total (G + F), Table 1)
and the sugar sweetness response, the total sugar concentration
adjusted for the enhanced sweetness of fructose (A2, A3, A4). Similarly, CONFECTIONARY (S13), a sensory descriptor also related to
sweetness shows a positive correlation with the total residual sugar
concentration, although not as strong as with the SWEETNESS score
(Table 3).
The sensory score for ACIDITY (S14) is signiﬁcantly correlated
with titratable acidity (A5, Table 1) and shows signiﬁcant, but negative, correlations with malic acid (A8) and pH (A6). Although a
strong negative link between pH and sensory assessment of acidity
is logical, it is somewhat unexpected here, given the narrow range

70

Chapter IV: Paper 3 - Examination of the potential for using chemical analysis as a surrogate for sensory analysis
J. Blackman et al. / Analytica Chimica Acta 660 (2010) 2–7

5

Table 3
Correlation parameters for linear regression analysis between sensory scores and analytical data. Data analysis performed using Statistica 7.1 (StatSoft, Inc., 2005).
Sensory descriptor

Analytical parametera

Correlation, r

Probability

Standard error of estimate

SWEETNESS
SWEETNESS
CONFECTIONARY
CONFECTIONARY
ACIDITY
ACIDITY
ACIDITY
FLORAL
FLORAL
FLORAL
LEMON/LIME
PINEAPPLE
GRASSY
ASPARAGUS
ASPARAGUS
ORANGE MARMALADE

Total (G + F)
Sugar sweetness response
Total (G + F)
Sugar sweetness response
pH
TA
Malic acid
Total (G + F)
Sugar sweetness response
Glycerol
Glycerol
Glycerol
Glycerol
pH
Malic acid
Volatile acidity

0.756
0.746
0.594
0.611
−0.829
0.563
−0.511
0.561
0.551
0.536
0.553
0.553
0.506
0.572
0.577
0.508

0.0007
0.0009
0.0152
0.0120
0.00007
0.0231
0.0430
0.0239
0.0271
0.0322
0.0264
0.0263
0.0453
0.0206
0.0194
0.0448

0.423
0.430
0.632
0.623
0.265
0.392
0.395
0.297
0.792
0.800
0.491
0.491
0.417
0.191
0.190
0.677

a

Total G + F, sum of the glucose (G) and fructose (F) concentration; sugar sweetness response: see text for details of calculation.

of pH values of these wines, from pH 2.84 to pH 3.16 (Table 1). The
malic acid correlation is discussed in more detail below.
Intriguingly, positive and signiﬁcant correlations were also
found between some analytical measurements and aroma sensory
scores (Table 3). For example, FLORAL sensory score (S2) is positively correlated with fructose (A2), the total residual sugar score
(A3) and sugar sweetness response (A4) as well as with the glycerol concentration (A10). Glycerol also showed a relationship with
LEMON/LIME, FLORAL, PINEAPPLE (S1–S4) and GRASSY (S9). There
was a positive correlation between ASPARAGUS (S10) with pH (A6)
and malic acid (A8) as well as between ORANGE MARMALADE (S6)
and volatile acidity (A9), a reﬂection of acetic acid in the main.
This initial linear regression analysis implied that the potential
for developing a model that used analytical data as a surrogate for
sensory descriptors might be achievable. Several of the sweetness
and acidity correlations are very signiﬁcant when the probability values and standard errors (Table 3) are considered. Several
of the other correlations in Table 3 are also moderately strong,
implying that there may be a real relationship. This suggested that
an in-depth analysis of the relation among sensory and analytical parameters using the more sophisticated multi-block ComDim
analysis would be of value.
Several relations of proximity and opposition can be seen in
the projection of the sensory and analytical parameters onto the
CD1–CD2 plot (Fig. 2). It is clear that there are several regions
of related descriptors in the CD1–CD2 plot. The region labelled
Sweetness represents the commonality between the mouthfeel sensory parameter of SWEETNESS (S15), the aroma parameters of
LEMON/LIME (S1), FLORAL (S2), GRAPEFRUIT (S3), PINEAPPLE (S4),
GRASSY (S9), LYCHEE (S11) and CONFECTIONARY (S15) and the
analytical parameters of fructose (A2) and glycerol (A10) and the
calculated parameters of total glucose + fructose (A3) and sugar
sweetness (A4). These groupings of descriptors are in general agreement with the linear regression analysis (Fig. 1 and Table 3), but of
course the multi-block ComDim data are presented on a single map,
rather than calculated individually as in linear regression.
Glucose (A1) is not part of the Sweetness region, but perhaps this
is not surprising, given its zero to low concentrations in the wines
examined here (Table 1). Ethanol (A7), which is sometimes considered to show sweetness [25], is not part of the Sweetness region.
The ethanol concentration in the 16 wines is essentially invariant
(Table 1), so it is reasonable to expect that it would not have any
commonality with the common dimensions identiﬁed here.
The inclusion of glycerol (A10) in the Sweetness region is intriguing. Glycerol is known to affect various sensory attributes including
sweetness, acidity, mouthfeel and viscosity. However, the actual

concentration at which these attributes are expressed is the subject of considerable debate. Gawel et al. [26] found varying taster
responses to different concentrations of glycerol. Noble and Bursick
[27] suggested that additions of 26 g L−1 of glycerol were necessary
before an increase in viscosity could be perceived, while Nurgel and
Pickering [28] claimed a perceived increase in viscosity could be
detected as the glycerol concentration increased from 10 to 25 g L−1
in a model wine. Intriguingly, the glycerol concentration in the wine
studied here is much less than that for the levels examined by others. Clariﬁcation of these conﬂicting reports is outside the scope of
this present work, but the ComDim analysis used here may well
have the capacity to provide a better interpretation of published
data and lead the way to a better understanding of the sensory
aspects of glycerol in wine.
Two opposing relations of Acidity are identiﬁed in the ComDim
variables plot for CD1 and CD2 (Fig. 2). One zone in the positive
CD2 direction contains the sensory attribute ACIDITY (S14) and the
analytical parameter titratable acidity (A5). Titratable acidity is a
measure of the amount of acid present in the wine, so the commonality with the sensory acidity attribute is to be expected. The
second Acidity zone in the negative CD2 direction contains only the
analytical parameters of pH (A6) and malic acid (A8). The placement of pH opposed to sensory acidity is also as expected, given

Fig. 2. Scatter plot of scores for analytical variables (stars) and sensory variables (circles) onto Common Dimension 2 vs. Common Dimension 1, calculated by ComDim.
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the CD1–CD2 plot, despite the correlation observed using linear
regression (Table 3 and Fig. S4). This conﬁrms the weakness of that
correlation.
The CD2–CD3 plot (Fig. 3) conﬁrms the strong connection among
the analytical sweetness parameters A2, A3, A4. The unexpected
proximity of pH (A6), malic acid (A8) and volatile acidity (A9) with
titratable acidity (A5) and ACIDITY (S14) in opposition, is also conﬁrmed in this plot. HONEY (S7) and SWEETNESS (S15) are this time
in the same quadrant as glucose (A1).
4. Conclusion

Fig. 3. Scatter plot of scores for analytical variables (stars) and sensory variables (circles) onto Common Dimension 3 vs. Common Dimension 2, calculated by ComDim.

its negative relationship with acid concentration, as noted above
with the linear regression analysis. The placement of malic acid is
unexpected, but also in accord with the linear regression analysis
(Table 3 and Fig. S2).
Malic acid is sometimes regarded as ‘green’, while tartaric acid
is considered to be ‘hard’ [29]. The relative acid taste of these two
acids in white wine is still the subject of debate. Early work by
Amerine et al. [30] on white wine showed that at the same titratable acidity, malic acid is perceived as more acidic, reﬂected as an
increase in sourness. Relative sourness was also found to be higher
for malic acid when the wines were adjusted to the same pH [30].
Noble et al. [31] focused on a comparison of sourness of organic acid
anions at equal pH and equal titratable acidity in binary acid solutions. Only succinic acid (a minor component of wine) was found
to be more sour than malic acid. Lugaz et al. [32] in a study of the
time-intensity effects of organic acids on saliva suggested that it
is the hydrogen ion that is the stimulus and not the neutral acid
molecule or its monoanion.
In the Hunter Valley Semillon wines used here, the pH is generally around 3.2 or less and the malic acid concentration is only a
small component of the titratable acidity (Table 1). The main acid is
tartaric acid, a stronger acid than malic acid (pKa 1 (tartaric): 2.93;
pKa 1 (malic): 3.46), suggesting that the hydrogen ion may well be
the dominating factor in determining sensory acidity. Clearly more
work is required, and the multi-block analysis approach used here
may well provide greater insight into the competing effects than
has been possible in earlier studies.
The sensory aromas fall into two categories: one group (labelled
Aromas in Fig. 2) consists of HAY/STRAW (S5), ORANGE MARMALADE (S6), HONEY (S7), TOAST (S8) and KEROSENE (S12). There
is no commonality between these sensory attributes and the analytical measurements used here. These same attributes are in
opposition to the sweetness aroma attributes of LEMON/LIME (S1),
FLORAL (S2), GRAPEFRUIT (S3), PINEAPPLE (S4), LYCHEE (S11) and
CONFECTIONARY (S13) (Fig. 2). LEMON/LIME (S1), GRAPEFRUIT
(S3) and PINEAPPLE (S4) are orthogonal to the acidity parameters
(Fig. 2), despite the strong association of acidity with the taste of
these fruits.
Interestingly, the sensory attribute ASPARAGUS (S10) is midway between the Sweetness region and the Acidity region that is
in opposition to titratable acidity (Fig. 2). There is no proximity
between ORANGE MARMALADE (S6) and volatile acidity (A9) in

In summary, the multi-block analysis, ComDim, has provided
considerable insight into the connections between analytical data
and sensory descriptors for Hunter Valley Semillon. Zones for
Sweetness and Acidity describing the connections between various analytical and sensory parameters were readily identiﬁed. The
orthogonal relationship between the analytical measurement for
malic acid and the sensory score for acidity opens up the possibility of further research on the factors contributing to acid taste. One
group of aroma sensory attributes did not show any connection
with the analytical data used in this analysis. A GC–MS study of the
aroma compounds in these Semillon wines is presently underway.
The future inclusion of these data in the multi-block analysis may
provide information on connections in addition to those already
identiﬁed.
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CHAPTER V
PAPER 4 – SWEETNESS ACCEPTANCE OF NOVICES, EXPERIENCED
CONSUMERS AND WINEMAKERS IN HUNTER VALLEY SEMILLON
WINES

V.1. Introduction to Paper 4
Chapter 2 reported that the most preferred HVS wine was a Style 1 wine. HVS Style 1
wines are high in confectionary, floral, lemon–lime and pineapple aromas and
relatively low in developed attributes such as honey and toast. A perceptible residual
sugar (of 8g/L) and relatively low perceived acidity is also an important feature of this
wine. Possible explanations for the predilection towards this style were discussed in
Chapter 2 and it was proposed that one of the most likely reasons was that it was
perceived as having some sweetness. The effect of sweetness on consumer preference
is probably manifested in several ways. Besides providing sweetness, residual sugar
has been reported to be required to help decrease the perception of high natural
sourness (Kielhofer & Aumann, 1955).

Increased liking of sweeter wine styles by younger consumers has been found in a
self-reporting study (Bruwer, Saliba & Miller, 2011). Previously it has been reported
that a bimodal distribution occurred in wine judges, where the younger judges
preferred sweeter wines whereas the older judges preferred dry wines (Amerine &
Ough, 1967). Five experienced tasters also reported increased preference of Seyval
Blanc and Elvira as the residual increased up to levels of 25 and 37.3 g/L respectively
(Duitschaever, Buteau & Ashton, 1980). More recently, several studies have reported
that wine consumers prefer moderate level of sweetness in Australian red wines
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(Lattey, Bramley & Francis, 2010; Williamson, Robichaud & Francis, 2012). Also
since the current study was performed and published, a study investigating the
preference of Chardonnay, Riesling and Sauvignon Blanc found that the most
important driver of wine style preference was fruit and sweetness against drying and
oaky attributes (Lesschaeve, Bowen & Bruwer, 2012). While this research indicated
that some consumers prefer sweet rather than dry wine, appropriate levels of residual
sugar were not reported in the consumer studies. It is therefore important to establish
upper levels of residual sugar for specific wine styles and consumer segments.

Previous wine consumer research on sweetness preference in wine had not
investigated the interaction between preference and level of experience. It had not
either not controlled for level of experience (Duitschaever, Buteau & Ashton, 1980;
Kielhofer & Aumann, 1955) or not investigated different residual levels in the same
wine (Lattey, Bramley & Francis, 2010; Lesschaeve, Bowen & Bruwer, 2012;
Williamson, Robichaud & Francis, 2012).

Defining experience was difficult as consumers who report substantial drinking
experience may not have the same level of knowledge or involvement in wine as some
than someone that reports less experience. Conversely, objective wine knowledge tests
(Johnson & Bruwer, 2003) may not take into account the exposure associated with
more consumption volume or period of time drinking wine.

As outlined in the following paper (Blackman, Saliba & Schmidtke, 2010) this
investigation adopted a three-category consumer model: novice, experienced and
winemaker; with category definitions based on a combination of self reported
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consumption, wine knowledge, years of experience drinking wine and involvement in
the wine industry, consistent with previous research (Melcher & Schooler, 1996).

V.2. Summary of Aims for Paper 4
Sweet preference in white wine was investigated by using two HVS wines. The
interrelationship between the perception of sweetness and acid taste was explored by
using two HVS wines that differed in acidity and residual sugar levels. Three
respondent groups; novice, experts and winemakers were defined in an attempt to
characterise the interaction between level of experience and preferred sweetness level.
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a b s t r a c t
The consumer preference of Hunter Valley Semillon (HVS) with varying amounts of glucose was investigated. The respondents were divided into three categories; novice (consumer), experienced (consumer)
and winemakers. Experienced drinkers preferred wines with less added glucose than did the novice
group. Winemakers preferred a lower level of glucose addition again. This study has also deﬁned levels
of residual sugar within which winemakers can aim to produce wine in order to fulﬁl the desires of
the consumer, allowing winemaking decisions for residual sugar levels to be quantitatively based.
 2010 Elsevier Ltd. All rights reserved.

1. Introduction
Anecdotal claims about consumer preference for sweetness
abound, yet there is limited empirical research on this topic. Research that has been reported is equivocal, because key constructs,
that of a ‘consumer,’ ‘experience’ and ‘sweetness,’ have not been
consistently applied. Early research found that American consumers had a preference for sweet rather than dry wines (Filipello,
Berg, Hinreiner, & Webb, 1955). The relationship between sweetness and consumer preference for Moselle wine determined that
a residual sugar level of between 10 and 24 g/L was favoured (Kielhöfer, 1955). However, a potential confound was that high quality
examples of this wine, often late-harvest and/or botrytised, by nature have associated sweetness. Furthermore, high titratable acidity
levels in Moselle wines have typically required residual sugar to
mask the natural sourness (Kielhöfer, 1955).
More recently it has been reported that Chinese consumers prefer a moderate level of sweetness in Australian red wines (Francis,
Osidacz, & Robichaud, 2009). Lattey, Bramley, Francis, Herderich,
and Pretorius (2007) reported that the sweetest wine was the most
preferred when investigating Australian consumer preference for a
range of Shiraz and Cabernet Sauvignon wines. While this research
indicates consumers prefer sweet rather than dry wine, the exact
level of residual sugar in the product that drives preference is less
clear. It is therefore important to establish how much is too much

* Corresponding author. Tel.: +61 2 6933 4186; fax: +61 2 6933 2107.
E-mail address: jblackman@csu.edu.au (J. Blackman).

residual sugar, and whether moderate levels are preferred over low
levels for speciﬁc wine styles and consumer segments.
In a study investigating different sweeteners for Seyval Blanc
and Elvira wine, a linear relationship between residual sugar and
preference was found using ﬁve experienced tasters (Duitschaever,
Buteau, & Ashton, 1980). This research indicated an increasing
preference for Seyval Blanc with up to levels of 25 g/L residual sugar and 37 g/L for the Elvira varietal wine. Higher residual sugar
levels were not tested. This implies that more residual sugar is always better than less (although there is logically a point at which
this is implausible).
Experienced judges (i.e. ‘experts’) may also ﬁnd sweetness more
appealing in some styles; Amerine and Ough (1967) concluded that
a group of experienced judges preferred Rosé wines with a residual
sugar level of between 10 and 20 g/L rather than drier wines. In
new world wine-producing countries such as the United States,
where the study was undertaken, Rosé is a wine style often associated with sweetness. It is therefore likely that off-dry examples
would not automatically be considered out of style. It is unclear
whether similar results would be found for experienced wine
judges using a style not associated with some sweetness. Further,
Amerine and Ough (1967) found that their data followed a bimodal
distribution, where some judges preferred drier wines and some
preferred sweeter wines. The younger judges preferred sweeter
wines whereas the older judges preferred dry wines. This suggests
that level of experience may be important in the determination of
sweet taste preference in wine.
Previous consumer research on sweet preference in wine has
not speciﬁcally investigated the interaction between preference

0950-3293/$ - see front matter  2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.foodqual.2010.05.001
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and level of experience. The work that has been done on sweet
preference in wine has either not controlled for level of experience
(Kielhöfer, 1955; Duitschaever et al., 1980; Filipello et al., 1955) or
has not systematically manipulated the level of sugar (Francis
et al., 2009; Lattey et al., 2007). The manipulation of sweetness
can be achieved by spiking and using well-established consumer
sensory testing methods; deﬁning experience however is more
challenging. For instance, a consumer who reports 25 years of wine
drinking experience may not have the same level of knowledge or
involvement in wine than someone with far fewer years of experience. Conversely, objective wine knowledge, as measured by Johnson and Bruwer (2003), does not take into account the exposure
associated with higher consumption volume and greater periods
of time drinking wine.
Solomon (1990) used two consumer segments to investigate
wine related communication, one with industry involvement
termed ‘experts’, and one with no industry experience, termed
‘novices’. More recent attempts to segment consumers according
to wine knowledge have generated a third ‘intermediate’ group
(Melcher & Schooler, 1996; Parr, Heatherbell, & White, 2002). Attempts to quantify wine knowledge in order to segment consumers
using scales has also been made, however, limitations to this approach are evident. Hughson and Boakes (2002) created a multiple
choice scale to measure wine knowledge in an Australian sample
(Australian Wine Knowledge Questionnaire). The questionnaire
has constructs that measure knowledge and consumption frequency, but not a consumer’s level of involvement or years of experience in the wine industry. Attitude and expectation are clearly
mediated by past exposure and are important in determining preference, something that has been established for some time in the
social psychology literature (Ajzen & Fishbein, 1980) and has been
established more recently in a food context (Yeomans, Chambers,
Blumenthal, & Blake, 2008). The scale has been validated as a tool
to discriminate between ‘expert’ and ‘novice’ groups, but may not
be appropriate to segment for an intermediate group.
Hunter Valley Semillon (HVS) is regarded as an iconic style
within the Australian wine industry (Robinson, 1999). It is muchlauded by wine professionals and has an enviable wine show record in both Australian and international wine shows. Most HVS
is produced in a dry style, with a residual sugar level typically between 0 and 3 g/L. Four distinct HVS styles have been identiﬁed
(Blackman & Saliba, 2009) and preliminary consumer testing indicated that the style with the highest residual sugar was the most
preferred. Consumer preference for HVS wines has not previously
been reported. Additionally, the interaction between level of experience and sweet preference in white wine is a novel contribution
to this ﬁeld of research. The purpose of this investigation is to
determine the sweet preference of HVS for three distinct categories
of consumers based upon level of knowledge, drinking experience,
consumption habits and industry involvement.

2. Material and methods
2.1. Respondents
This investigation adopted a three-category consumer model:
novice (consumer), experienced (consumer) and winemaker; with
category deﬁnitions based on a combination of self-reported consumption, wine knowledge, years of experience drinking wine
and involvement in the wine industry, consistent with previous research (Melcher & Schooler, 1996).
Respondents were sought until 25 of each of the ‘experienced’
and ‘novice’ were recruited using movie ticket vouchers as inducements. Respondents were deﬁned on the basis of their self-reported consumption and wine knowledge. A novice was deﬁned

as being a wine consumer for less than 10 years and who did not
self-report as ‘‘knowledgeable”. An experienced consumer was deﬁned as being a wine consumer for more than 10 years, drinking at
least several times a week and self-reported as ‘‘interested” or
‘‘knowledgeable”. Respondents who reported as being wine consumers for less than 10 years but also as ‘‘knowledgeable” were
also classiﬁed as experienced consumers. The third category was
comprised of winemakers currently working in the Hunter Valley.
2.2. Wine
In order to determine the preferred sweetness level for HVS,
wines were spiked with varying levels of glucose. As acid is known
to interact with perceived sweetness (Noordeloos & Nagel, 1972;
Pangborn, Ough, & Chrisp, 1964), two wines with varying levels
of residual sugar (RS) and titratable acidity (TA) were chosen.
Two Semillon wines were selected as base wines, with the following chemical parameters: wine A had a pH of 3.04, TA 7.67 g/L and
RS 3.3 g/L, while wine B had a pH of 3.22, TA 6.80 g/L and RS 8.2 g/
L.
2.3. Testing procedure
Different levels of glucose and fructose, the sugars most commonly found in wine, were tested in a pilot study to determine
the most suitable addition rates. Additions of fructose, at dosage
rates considerably lower than those tested for glucose, were found
to inﬂuence the acid/sweetness balance of the wine too far towards
sweetness. Grape juice concentrate was viewed as unsatisfactory
due to its’ propensity to impart a range of ﬂavours to wine. The glucose addition rates which were determined for use did not affect
the acid/sweetness balance of the wines or change other sensory
attributes of the wines.
Paired comparison tests were conducted in accordance with the
method described by Prescott, Norris, Kunst, and Kim (2005).
Respondents were asked to compare the base wine (control) to
the adulterated wines at each glucose addition level (2.0, 4.0, 8.0,
16.0 and 32.0 g/L glucose) and indicate their preference on a scoresheet. Base wine position (left or right) was randomised. To prevent palate fatigue and sample carry over, paired samples were
presented with sugar levels in adulterated wines in increasing concentration; respondents were instructed to expectorate, rinse their
mouth with water and wait 1 min between samples.
Evaluations were conducted between 10 am to noon in an airconditioned (22 ± 2 C) room equipped with white ﬂuorescent
lighting, white benches and height-adjustable chairs, to provide a
comfortable environment purposely designed for teaching wine
sensory evaluation. Thirty millilitres of each wine was served at
13 ± 2 C in ISO 9000 XL-5 standard tasting glasses labelled with
randomised 3-digit numbers. As two different wines were being
studied, the testing required the participants to perform the tasting
on two different days.
2.4. Statistical analysis
The Statistical Package for the Social Sciences (SPSS) was used
to perform statistical analysis of the data. A Kruskal Wallis test
was performed to determine if the preference for each glucose
addition differed between each of the three experience categories.
Data for both wines was combined for these analyses.
3. Results and discussion
Figs. 1–3 illustrate the number of respondents who preferred
the glucose spiked wine at each of the additional glucose concen-
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Number of novices

25

Wine A
Wine B
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4

8
16
Added glucose (g/L)

32

Fig. 1. Number of novices who preferred the spiked sample in preference to the
control for each glucose level for both wines. Dotted line (number of judgements = 18) represents minimum agreeing judgements necessary to establish
preference using a = 0.05 for paired comparison tests (N = 25).

Number of experienced
consumers

25
20

Wine A
Wine B

15
10
5
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2

4

8
Added glucose (g/L)

16

32

Fig. 2. Number of experienced consumers who preferred the spiked sample in
preference to the control for each glucose level for both wines. Dotted line (number
of judgements = 18) represents minimum agreeing judgements necessary to
establish preference using a = 0.05 for paired comparison tests (N = 25).

Number of winemakers

20
15

Wine A
Wine B

10
5
0
2

4

8
16
Added glucose (g/L)

32

Fig. 3. Number of winemakers who preferred the spiked sample in preference to
the control for each glucose level for both wines. Dotted line (number of
judgements = 15) represents minimum agreeing judgements necessary to establish
preference using a = 0.05 for paired comparison tests (N = 20).

trations for consumer categories ‘novice’, ‘experienced’ and ‘wine
makers’, respectively. Using the 0.05 conﬁdence level for paired
comparison tests (n = 25, Roessler, Baker, & Amerine, 1956) the
maximum level of glucose that could be added and still preferred
by the novice group in comparison to the base wine was therefore
determined to be 16.0 g/L for wine A and 4.0 g/L for the wine B.
This infers that novices preferred wine A with up to an additional
16.0 g/L, and wine B sweetened with 4.0 g/L of glucose, compared
to the corresponding base wines.
‘Experienced’ consumers preferred wine A with up to an additional 13.5 g/L, and wine B sweetened with an additional 2.0–
4.0 g/L of glucose compared to the respective base wines. Additionally, fewer of the ‘experienced’ group preferred the wines sweetened with the 16.0 and 32.0 g/L glucose additions than the
novice group. ‘Winemakers’ preferred both wine A and wine B

(in comparison to respective base wines) with up to only an additional 2.0 g/L of additional glucose.
Paired comparison tests have previously been utilised to identify a consumer rejection threshold (CRT) for a wine taint (Prescott
et al., 2005). Saliba, Bullock, and Hardie (2009) also utilised this approach for determining a CRT for cineole, a compound reported to
impart positive ﬂavour at low levels and negative ﬂavour at high
levels. The determination of accepted sugar concentration in
wines, indicated by the maximum level of glucose in adulterated
wines which were preferred to the base wine, is an extension of
the paired comparison test. This study has deﬁned a quantitative
approach for the determination of residual sugar concentrations
for speciﬁc wines, within which winemakers can aim to more readily satisfy consumer acceptance, thereby allowing decisions for
residual sweetness in a wine to be objectively based.
The Kruskal Wallis analyses reveal substantial differences in
sweet preference across the three groups, and in particular the
comparisons between winemakers and the two consumer groups
(see Table 1). Speciﬁcally, the analysis revealed that there was a
signiﬁcant difference for the 32.0 g/L glucose addition between
all three experience categories. Novice and experienced consumer
groups had a signiﬁcantly different preference for the 8 and 16.0 g/
L glucose addition compared to the winemaker group. The novice
category also had a preference for the 4.0 g/L glucose addition
when compared to the winemaker group. Figs. 1–3 indicate that
consumers in all three categories (novices, experienced and winemakers) preferred both wines when 2 g/L glucose was added. Early
studies have indicated a consumer predilection for sweeter wines
(Filipello et al., 1955; Kielhöfer, 1955; Duitschaever et al., 1980)
although this work was conducted with wine styles associated
with overt sweetness and without speciﬁcally investigating level
of consumer experience. HVS is almost always produced with little
residual sugar, possibly creating an expectation by those with considerable experience of HVS whereby sweet examples might be
judged as ‘out of style’. Our results suggest that preference for
sweetness over rides this effect, as all groups preferred an addition
of glucose at a rate of 2 g/L to level of moderate sweetness.
Winemakers preferred a lower level of glucose added to base
wines than both consumer groups. Although the authors of this
study are aware of anecdotal claims of inexperienced consumers
preferring wine with higher levels of residual sugar, no scientiﬁc literature has previously validated this notion. The present investigation has established differences in sweet preference between all
three groups, but in particular, large differences between the consumer groups and winemakers. Given the level of involvement and
consumption frequency associated with winemaking, it was expected that the winemaker group would differ substantially from
the consumer groups. The differences reported between all three
groups suggests that the inﬂuence of experience is negatively correlated with preference, whereby some experience causes a reduction
in sweet preference and additional experience reduces it even
further.
HVS was chosen as the test wine twofold: ﬁrstly, because it is
not normally associated with overt sweetness; secondly because
Table 1
Comparison of preference using Kruskal Wallis test for each glucose addition (pooled
data for wine A and B), for each category (novice vs. winemakers; experienced vs.
winemakers; novice vs. experienced: (df = 1).
Consumer group comparison

Novice vs. winemakers
Experienced vs. winemakers
Novice vs. experienced
a

Preference for HSV base wine with glucose
addition rate
2 g/L

4 g/L

8 g/L

16 g/L

32 g/L

1.000
.831
.819

.048a
.247
.379

.014a
.001a
.294

.001a
.006a
.435

.000a
.001a
.014a

Signiﬁcant relationship comparison with control wine (p < 0.05).
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it performs well at wine shows but does not experience commensurate sales performance. The latter phenomenon may be substantially explained by our results. Winemakers largely rely on their
own preference when producing a wine and it is clear that winemakers in the current study preferred drier wines that consumers.
This is likely to lead to the production of wines that are preferred
by other winemakers (i.e. perform well in wine shows) but are not
necessarily liked or well accepted by consumers. Our results suggest that higher levels of residual sugar would lead to HVS wines
that are more broadly accepted by consumers, especially those
with low levels of wine knowledge and tasting experience, thereby
signiﬁcantly increasing the potential market for these wines. It
may therefore, be commercially sensible for a sweeter style of
HSV to be added to the portfolio of wines for wineries commercially dependent on various styles of Hunter Semillon.
In this study, the participants were informed that the wine was
a commercially available Australian wine but were not provided
with information such as variety, brand or vintage. By choosing
wines not normally associated with overt sweetness, the most
favourable conditions to enable differences between ‘experts’ and
consumers in sweet preference of the wines have been fulﬁlled.
It is possible that some of the more experienced consumers and
a greater number of the winemakers, were able to correctly identify the wine variety and style due to their previous exposure to
this wine. Hedonic preference is inﬂuenced by a consumer’s expectation of the product (Yeomans et al., 2008), thus prior experience
may have inﬂuenced winemakers predilection for wines with lower glucose additions given the typicality of HVS. Factors such as
peer pressure, expert recommendations and previous experience
have also been shown to contribute to the total consumer expectation (Lesschaeve & Noble, 2005; Saba, Moneta, Nardo, & Sinesio,
1998; Tuorila, Cardello, & Lesher, 1994). It is difﬁcult to address
this methodological limitation, since the use of experienced consumers is naturally associated with higher levels of knowledge
and product awareness.
The effect of learned liking could explain the main effect demonstrated in the current experiment – that level of experience is inversely related to sweetness preference. Wine is an acidic beverage
and white wines also commonly have a degree of bitterness due to
phenolic content. Bitter and sour tastes have traditionally been
typiﬁed as unpleasant (Anliker, Bartoshuk, Ferris, & Hooks, 1991;
Steiner, 1977). Even short-term exposure has increased preference
of bitter foods and beverages (Mattes, 1994; Stein, Nagai, Nakagawa, & Beauchamp, 2003). The acidity level in the wine style studied
was also a possible signiﬁcant contributing factor. It has been previously demonstrated that increasing acidity has a strong masking
effect on the perception of sweetness in white wine (Pangborn
et al., 1964; Noordeloos & Nagel, 1972) and that acidity raise a subject’s sugar threshold (Berg, Filipello, Hinreiner, & Webb, 1955).
Kielhöfer (1955) has also previously demonstrated the effect of
acidity on sweetness in high acid Moselle wines. The ﬁndings that
a lower sugar addition was preferred in the wine with less acidity
and an already higher amount of residual sugar, is also indicative of
the previously reported interrelationship of sweetness and acidity.
Furthermore, sensory expertise has previously been found to inﬂuence liking ratings in red wines (Frøst & Noble, 2002). In an experiment examining sweet taste preference and personality type,
(Saliba, Wragg, & Richardson, 2009) purported that the unique
combination of alcohol and acid in wine would cause new consumers to seek sweetness to mask these components. It may be that
respondents in the current study demonstrated this effect, such
that sweetness acted to mask these basic tastes for less experienced consumers.
Some conﬂicting evidence has been presented regarding the impact of constituents other than sugar upon the perceived sweetness of wines. Noble and Bursick (1984) reported that increased

glycerol levels resulted in an increased perception of sweetness
and viscosity in white wines. Higher ethanol concentrations are
also considered to impart a degree of sweetness (Zamora, Goldner,
& Galmarini, 2006). However, sensory studies investigating concentrations of glycerol and ethanol typically found in wine, has
showed that neither affected sweetness uniformly (Gawel, Van
Sluyter, & Waters, 2007). It has also been demonstrated that the
phenomena of cognitive association leads to a wine’s fruit ﬂavour
and aroma eliciting the perception of sweetness (Prescott, 1999).
Further studies investigating the sweet preference of white wines
could therefore make use of wines with differing fruit aroma intensities as well as variations in glycerol and ethanol concentrations.
4. Conclusion
The inﬂuence of the level of critical tasting and industry experience on sweet preference for consumer categories has not been
previously reported in the scientiﬁc literature. This investigation
demonstrated that each consumer category based on knowledge,
experience and involvement in the wine industry, preferred different levels of residual sugar and sweetness in HVS. Experienced
consumers preferred wines with less added glucose than did the
novice group and signiﬁcant differences existed at high glucose
additions (32.0 g/L). The current experiment has conﬁrmed the
necessity to control for level of experience within a general consumer group, not just between consumers and ‘experts’. Results
from this investigation suggest that a higher than typical residual
sugar level may increase consumer acceptance of HVS for novice
and expert consumers alike, but may also alter winemaker’s acceptance of speciﬁc styles of this wine. The use of paired comparison
tests has also enabled a quantitative basis for winemakers to produce HVS with a range of residual sugars appropriate to the acceptance of the consumer. By choosing test wines that were not
typically associated with overt sweetness, the most likely conditions to ﬁnd differences between ‘experts’, ‘novices’ and winemaker consumers have been fulﬁlled. Having established
differences do exist between speciﬁc consumer groups for sweet
preference in HSV, future research is now required to extend this
investigation to other wine styles, and broader consumer segments
such as speciﬁc export markets of importance to the wine industry.
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CHAPTER VI
PAPER 5 - SENSORY CHARACTERIZATION OF HUNTER VALLEY
SEMILLON AGED IN BOTTLE

VI.1. Introduction to Paper 5
The previous research in this thesis has determined four unique styles of HVS, within
which, bottle age is a key factor (Blackman & Saliba, 2009). The consumer studies
that have been carried out have indicated that substantial preference differences exist
for each of these styles (Paper 2). Whilst there was a profound predilection for HVS
Style 1, the internal preference mapping performed also indicated that a niche group of
consumers, principally those from high involvement or high self-reported knowledge,
did prefer the aged Style 4 HVS wines. The increased developed characteristics
(honey, toast, kerosene and orange marmalade) are the principal drivers of these
wines, but the retention of substantial primary fruit attributes, in particular lemon/lime,
is another observed feature of this wine style. An increased understanding of the
evolvement of these developed aged characters is also important as they are probably
negatively correlated with the preference to the younger wines of Styles 1 and 2

A three year aging period was chosen for several reasons. While repeating the sensory
descriptive analysis at several times during aging, for example at 1, 2, 3 and 4 years,
would have been ideal, the considerable time, cost and lack of wine resources made
this unrealistic. Aging for three years and then repeating the DA was considered the
best compromise as this period of time meant that many of the younger wines were
then 4 or 5 years old – similar to the age of the youngest wines classified as HVS Style
4 wines in the original study. Additionally this length of time was close to the
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maximum period wineries may be hold back the wine before sale, wine stores would
still have in stock, or some consumers may have cellared at home.

Disadvantageous influences due to storage factors such as temperature, shipping
factors, bottle closure types and packaging types have been reported to some extent.
These affects have been reviewed in the following manuscript. However change in
sensory characteristics whilst the wine has been stored in the most desirable conditions
has not been reported to a large degree. These too are covered in the introduction of
the following paper, but even in wine varieties which are anecdotally said to age well,
including Chenin Blanc, Champagne or Riesling, the studies are largely chemistry
based or the research concerns development of undesirable characteristics to help
determine approximate shelf-life.

Conducting DA on the same 16 wines as performed in the initial characterization
study (Blackman & Saliba, 2009), provides increased knowledge of white wine aging
generally, and flavour development in HVS wines in particular. This research also
enabled the investigation of the flavour development transition of different styles of
HVS after a 3 year period of storage.

VI.2. Summary of Aims for Paper 5
This study allowed the evolution of sensory characters of white wine cellared under
ideal conditions to be investigated. Sensory descriptive analysis was used to explore
the change in 16 commercial HVS wines following three years of storage. This
research also provided an illustration of the sensory changes in bottled HVS with
regard to previously identified HVS styles.
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ABSTRACT: The evolution of sensory characters of white wine cellared under ideal conditions has not previously been studied
extensively. The effect of 3 years of bottle ageing of 16 commercial Hunter Valley Semillon (HVS) has been investigated by
sensory descriptive analysis. Overall, although primary fruit characters (lemon/lime, grassy, ﬂoral, grapefruit and pineapple)
generally decreased, some attributes, particularly lemon/lime, remained important features of the wine after the ageing
period. Although the grapefruit aroma decreased in all but one wine, none of the decreases were found to have been significant (p < 0.05). Developed characters such as honey, toast and orange marmalade also became more prominent. This study
also provides an illustration of the sensory changes in bottled HVS with regard to previously identiﬁed HVS styles, with the
most noticeable changes occurring in styles categorized by primary fruit characters. Copyright © 2014 John Wiley & Sons, Ltd.
Additional supporting information may be found in the online version of this article at the publisher’s web site.
Keywords: white wine; ageing; sensory descriptive analysis; Hunter Valley Semillon

Introduction

340

It has been claimed that the vast majority of wines are made for
consumption within 12 months of production.[1,2] In addition, it
has been reported that most white wine is drunk too old, rather
than too young, and that the majority of wines starts to lose
appeal after 6 months in the bottle.[2] It is therefore unsurprising
that many consumers hold a conception that white wine should
be consumed as soon as possible after bottling.
Detrimental inﬂuences due to storage factors such as temperature,[3–7] including simulated shipping conditions;[8] bottle
closures[9–11] and packaging types[12] have been studied to a
reasonable extent. However, changes in sensory characteristics
due to ageing in good conditions, in which wine development,
rather than wine oxidation, is favoured, have been investigated
to a much lesser degree. A constant temperature (14 ± 1°C) is
generally regarded as most suitable for wine maturation,[2] and
white-wine ageing studies have used similar temperatures.[13,14]
Other studies have used different temperatures, including an
investigation using Colombard wine which reported ‘young
wine bouquet’ was largely unchanged when wine was stored
at 0 and 10°C for up to 2 years, whereas at 20°C, a ‘maturation
bouquet’ developed.[4]
Some studies have utilized sensory descriptive analysis (DA) to
investigate the ﬂavour changes taking place during the ageing
of wines without manipulation of storage conditions or packaging types. White-wine ageing studies[6,13–15] have been primarily
concerned with quantifying the loss of fresh fruity characters
such as citrus, tropical fruit and ﬂoral characters as well as the
increase of undesirable aged characters such as straw, asparagus
or capsicum aromas. Even research on Riesling, a wine known for
its ability to develop desirable characters such as honey and
toast,[16] has primarily been centred upon the development of
petrol or kerosene characters, which are almost always
perceived as undesirable.[17–19] The investigation of desirable
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bouquet characteristics in aged champagne has been mainly
undertaken using chemical analyses,[20,21] however, the investigation of the full array of sensory characters of wines which
are said to age well (Alsatian Riesling, Semillon/Sauvignon Blanc
blends from Bordeaux, or Chenin Blanc from the Loire Valley),
have not been reported. Hunter Valley Semillon (HVS) is a wellknown Australian wine and is also renowned for ageing well.
Previous research has determined four unique styles, within
which, bottle age is a key factor.[22] Consumer studies have
indicated that substantial preference differences exist for each
of these styles[23] and, importantly, that the aged Semillon style
is favoured by a segment of consumers. However, due to the
paucity of research on bottle ageing of white wine in general,
and in particular the lack of study on the ﬂavour development
in bottle-aged HVS wines, it is difﬁcult for researchers and
winemakers to estimate the timing and extent of key ﬂavour
development or attenuation.
Descriptive analysis has been used extensively to quantitatively characterize a range of wine varieties from speciﬁc
regions.[24–28] Descriptive analysis is the most sophisticated,
comprehensive and important sensory method because it allows
a complete quantitative investigation of the sensory properties
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of a product such as wine.[29–31] Descriptive analysis also enables
the investigation of product change over time,[31] with particular
emphasis on shelf-life determination.[29] The current study
uses DA to investigate the ageing effect on a range of distinct
HVS wines, which have previously been identiﬁed as having
different wine styles and sensory properties.[22] This research
also enables an investigation of how the four distinct styles
of HVS transition after a 3 year period of storage under ideal
storage conditions.

Experimental
Sensory descriptive analysis was performed in June 2007 and repeated in
June 2010: denoted in all ﬁgures by ‘A’ and ‘B’ respectively. The wines
were stored in the Charles Sturt University wine cellar throughout the
3-year maturation period. The cellar provides conditions of constant
temperature at 14 ± 1°C, 70% humidity and darkness, which are generally regarded as most suitable for wine maturation.[2]
As the 2010 tasting and training followed a very similar procedure to
that of the initial sensory descriptive analysis in 2007 described by
22
Blackman and Saliba, the method will be outlined only brieﬂy. Seventy
experienced winemakers and viticulturists from the Hunter Valley region
participated in a forum to select 16 representative wines that displayed
distinctly recognizable characteristics. Wines from the 1996 to 2006
vintages (Table 1) were subsequently donated.
Table 1 also contains key wine chemical measurements such as
sugars, pH and titratable acidity (TA), which were performed during the
formal tasting sessions in 2007. The glucose and fructose assays were
performed using a D-Glucose/D-Fructose enzymatic kit from Boehringer
(Mannheim, Germany). The pH and TA were measured using a Cyberscan
510 pH meter in both 2007 and 2010. The TA was performed by titrating
with 0.1 N NaOH solution to pH 8.2.[32] The malic acid assay was
performed using a L-Malic enzymatic kit from Boehringer (Mannheim,
Germany). The alcohol content was measured using the Anton Paar
Alcolyser DMA 450 Density meter (Graz, Austria).
Style deﬁnition has been taken from Blackman and Saliba[22] and is
summarized below:
Style 1: has the highest average rating for confectionary, ﬂoral,
lemon/lime and pineapple aroma. A perceptible residual sugar

and relatively low perceived acidity is also an important
feature.
Style 2: has a lower perceived sweetness and higher perceived acidity
than Style 1. The lemon/lime, lychee, ﬂoral, pineapple and confectionary characters were also lower but more intense than in
Styles 3 and 4. The grapefruit aroma is higher in Style 2 than
for any other styles.
Style 3: has the highest perceived acidity of all styles. The wines from
this category had the lowest pineapple and lychee aroma of
all wine styles and the intensities of ﬂoral, confectionary,
grapefruit and lemon/lime aromas were lower than were found
in Styles 1 or 2.
Style 4: found to have the highest intensity of developed characters –
toast, honey, orange marmalade and kerosene.

Sensory Descriptive Analysis
The panelists were selected to participate on the basis of interest
and availability. In 2007, the panel was composed of six females
and nine males, 21–45 years of age. In 2010, 16 panelists participated in the judging, nine of whom had participated in the 2007
tasting. All panelists had previously been members of DA panels
and were familiar with the Compusense™ computer program (Version
5.1, Guelph, Canada).
The inclusion criteria for the 15 attributes in 2007 followed the
international standard.[33] Consideration focused on panelists’ ability to
detect, recognize and rate each descriptor on a consistent basis. This
was achieved by evaluating three or four wines in duplicate for speciﬁc
attributes on separate tasting occasions. To provide feedback to panelists, individual panelist’s means were compared with panel means and
consistencies of responses were reviewed.
The same 15 descriptors used to differentiate the wines in the ﬁrst DA
in 2007 were used in 2010. These were chosen because the array of
vintages described in 2007 provided a diverse range of characteristics,
including those that had already evolved with bottle ageing. During
the course of the three-week training period in 2010, panelists were
also asked to rate any additional attributes they detected. No further
attributes were deemed necessary. Minimization of panel variability
was achieved by;

Table 1. Wine code, vintage, style (determined in 2007) and key chemical measures for each of the 16 HVS wines
Vintage

W1
W2
W3
W4
W5
W6
W7
W8
W9
W10
W11
W12
W13
W14
W15
W16

2002
2006
2006
2001
1998
2004
2006
1996
2006
2006
2002
2003
2005
2002
2005
2006

Style
(2007)

Glucose
g/L

Fructose
g/L

Malic
acid
g/L

Titratable acid g/L

pH

Titratable acid g/L

pH

4
2
2
4
4
4
2
4
2
3
3
3
2
4
2
1

0.32
1.55
0.13
0.16
0.24
0.05
0.93
0.43
0.23
0.00
0.49
1.49
0.13
0.17
1.41
0.61

0.31
2.11
0.00
0.27
2.04
0.16
0.97
0.78
3.39
0.08
3.48
1.73
1.25
0.03
1.56
5.93

1.7
2.4
3.2
1.7
1.7
2.3
2.7
2.6
1.9
1.4
1.6
2.9
1.5
2.9
2.5
2.3

6.5
6.9
6.3
8.2
7.5
6.5
7.3
6.2
6.9
7.7
7.6
7.1
6.8
7.5
7.7
6.7

3.15
2.97
3.09
2.92
2.89
3.24
3.05
3.09
2.93
2.84
2.89
3.16
3.08
2.89
3.09
3.25

6.3
6.8
6.2
8.2
7.3
6.4
7.3
5.9
6.7
7.3
7.5
6.9
6.8
7.1
7.4
6.4

3.19
3.00
3.09
2.98
2.95
3.22
3.10
3.15
2.99
2.90
2.91
3.18
3.08
2.93
3.12
3.29
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2010

Alcohol
%v/v
10.32
10.64
10.43
11.33
10.37
11.57
10.71
10.5
10.68
10.64
10.09
11.37
11.87
10.12
10.13
10.48
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Wine 1
Wine 2
Wine 3
Wine 4
Wine 5
Wine 6
Wine 7
Wine 8
Wine 9
Wine 10
Wine 11
Wine 12
Wine 13
Wine 14
Wine 15
Wine 16

Wine
code
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(1) use of the same descriptors and reference standards prepared as
closely as possible on both occasions – the list of attributes and
composition of reference standards are presented in Table 2.
(2) the same unstructured line scale[34] from ‘Low’ to ‘High’ was utilized
on both occasions.
Additionally, sweetness and acidity reference standards were
presented so that rating of these tastes could be practiced. Rating of
acidity and sweetness were practiced in a similar manner as that
described for aromas.

Formal Judging
In both 2007 and 2010, the 16 wines were evaluated (for aroma as well as
the acidity and sweetness tastes) in triplicate in 12 tasting sessions held
over a two-week period. The Compusense™ program generated random
three digit identiﬁcation numbers for each wine at each session, and this
number was transcribed on to tulip standard tasting glasses[35] which
were covered with glass petri dish lids. The order of presentation of
the wines was determined using a randomized complete block design
with three replications performed by each panelist for each wine. Four
wines were tasted in each tasting session. Panelists rated all attributes
for a single wine and then proceeded to the next wine. All evaluations
were conducted under white ﬂuorescent lights in individual tasting
booths at room temperature of 22 ± 1°C. Wine samples were served at
13 ± 2°C.
At the beginning of the tasting session, panelists were instructed to
sniff each of the aroma standards. Panelists were also required to sniff
water regularly to help alleviate fatigue as well as rinsing their mouth
with ﬁltered water and waiting for 30 s between samples. Results were
entered directly into the Compusense™ program via computers in each
tasting booth.

Data Analysis
The data analysis packages Senpaq® (Version 4.3, Qi Statistics, UK) and R
(Version 3.0.2, Vienna, Austria) were used for all statistical analyses. A
mixed model analysis of variance (ANOVA) of the DA data for each
attribute was performed with main effects (panelist (random) and wine
(ﬁxed)) and the panelists by wine interaction (Table 3). For all attributes,
except asparagus, the sample wines were a signiﬁcant source of variation
at p < 0.05. Signiﬁcant wine effect was also tested to determine if
interaction was the cause of the effect and critical F-values for signiﬁcant
assessor × sample and signiﬁcant sample effects were also calculated.[36]

Attributes (except asparagus) remained signiﬁcant (p < 0.05) using this
pseudo-mixed-model approach. The R package was used to perform
canonical variate analysis (CVA) to allow the relationships between
groups of dataset variables to be analysed, using either the wine effect
or the wine by year interaction. Sample means were calculated and
Fisher’s protected least signiﬁcant difference (LSD) was used as the mean
separation technique. The means and most pertinent pairwise comparisons between the attributes of the same wines in 2007 and 2010 are
shown in Table 4. Principal component analysis (PCA) was performed
on the mean sensory scores for each wine. Data were not scaled to the
same variance and the PCA was generated using the correlation matrix.
Senpaq® also performs panel performance assessment by grading
assessor repeatability and discrimination by correlation analysis and
charting assessor by sample interaction. No individual panelist had a
sufﬁciently poor grade of repeatability or discrimination for their results
to be excluded from the data set.

Results and Discussion
The individual changes in attributes are shown in Table 4 (mean
of attributes with pairwise comparisons using Fisher’s LSD). Most
characters associated with HVS development, that is, orange
marmalade, honey, toast and kerosene aromas,[22] increased in
most samples, many signiﬁcantly (p < 0.05), in the 2010 tasting
as compared with those in 2007. The honey and orange
marmalade characters increased for all samples, while the toast
attribute increased in all but two instances. Signiﬁcant increases
(p < 0.05) for honey, orange marmalade and toast occurred in
10, 9 and 4 of the 16 wines respectively. Previous ageing studies
on varietal white wine[6,13–15] have not assessed these attributes,
instead principally measuring the decrease in fresh fruit characters. It is interesting that the varieties investigated (including
Loureiro, Alvarinho, Airen and Vidal Blanc) did not develop the
aged Semillon characters after being stored. Studies investigating the inﬂuence of ascorbic acid,[37] closure type[11] and
elevated storage temperature[38] did utilize the attributes of
honey and/or toast for aged Chardonnay and Riesling. The
orange marmalade attribute may well be unique to aged HVS
as it, or a similar aroma character, does not appear to be reported in previous white-wine ageing studies. On the other
hand, the orange marmalade attribute may possibly be related
to the aroma compounds responsible for the ‘citrus jam’

Table 2. List of attributes and composition of standards
Term
Asparagus
Confectionary
Floral
Grapefruit
Grass
Hay/straw
Honey
Kerosene
Lemon / lime
Lychee
Orange marmalade
Toast

Composition of reference standarda
0.5 teaspoon of juice from canned asparagus
Chopped green and red Allen’s™ frog-shaped jelly confectionery
2 rose petals soaked for 10 min and removed
1 teaspoon of fresh grapefruit juice and small piece of rind soaked for 5 min and removed
One quarter of a cup of fresh grass soaked for 10 min
One quarter of a cup horse chaff soaked in wine for 15 min
2 teaspoons of honey
0.001 μL kerosene
0.5 teaspoon each of fresh lemon and lime and small piece of each rind soaked for 5 min
and removed
3 teaspoons of juice from canned lychee
3 teaspoons stirred thoroughly
Scrapings from 1 piece of white toast

342

a

In 50 mL of 50:50 distilled water/base wine (Stanley Fresh Dry White 4 L cask (12.5% (v/v) alcohol)).
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Table 3. Mixed model ANOVA results for all sensory attributes rated in the descriptive analysis in 2007 and 2010
Type I SS

Mean squared

F-value

Pr > F

Lemon/lime

Assessora
Sampleb
Assessor × samplec
Errord

1569
312
1037
2027

52.3
10.1
2.4
2.0

21.94
4.23
1.17
4.23

<0.0001
<0.0001
0.0282

Floral

Assessora
Sampleb
Assessor × samplec
Errord

1029
620
1223
2138

34.3
20.0
2.8
2.2

12.20
7.12
1.30
7.12

<0.0001
<0.0001
0.0005

Grapefruit

Assessora
Sampleb
Assessor × samplec
Errord

1933
126
1073
2135

64.4
4.1
2.5
2.2

26.12
1.65
1.14
1.65

<0.0001
0.0175
0.0458

Pineapple

Assessora
Sampleb
Assessor × samplec
Errord

1424
266
1151
2116

47.5
8.6
2.6
2.1

17.94
3.24
1.24
3.24

<0.0001
<0.0001
0.0036

Confectionary

Assessora
Sampleb
Assessor × samplec
Errord

759
463
1038
2024

25.3
15.0
2.4
2.0

10.61
6.27
1.17
6.27

<0.0001
<0.0001
0.0265

Hay/straw

Assessora
Sampleb
Assessor × samplec
Errord

1941
228
1327
2389

64.7
7.3
3.1
2.4

21.20
2.41
1.27
2.41

<0.0001
0.0001
0.0016

Grassy

Assessora
Sampleb
Assessor × samplec
Errord

1415
253
1113
1913

47.2
8.2
2.6
1.9

18.44
3.19
1.33
3.19

<0.0001
<0.0001
0.0002

Asparagus

Assessora
Sampleb
Assessor × samplec
Errord

1238
68
754
1463

41.3
2.2
1.7
1.5

23.81
1.26
1.17
1.26

<0.0001
0.1637
0.0225
NS

Lychee

Assessora
Sampleb
Assessor × samplec
Errord

814
108
713
1507

27.1
3.5
1.6
1.5

16.57
2.13
1.08
2.13

<0.0001
0.0005
0.1766

Orange marmalade

Assessora
Sampleb
Assessor × samplec
Errord

1233
817
1261
1901

41.1
26.3
2.9
1.9

14.18
9.08
1.51
9.08

<0.0001
<0.0001
<0.0001

Honey

Assessora
Sampleb
Assessor × samplec
Errord

1402
1656
1188
2129

46.7
53.4
2.7
2.1

17.11
19.56
1.27
19.56

<0.0001
<0.0001
0.0013

Toast

Assessora
Sampleb
Assessor × samplec
Errord

1308
2132
1287
2188

43.6
68.8
3.0
2.2

14.74
23.24
1.34
23.24

<0.0001
<0.0001
0.0001

Kerosene

Assessora
Sampleb
Assessor × samplec
Errord

1495
374
998
1978

49.8
12.1
2.3
2.0

21.71
5.25
1.15
5.25

<0.0001
<0.0001
0.0407

(Continues)

Flavour Fragr. J. 2014, 29, 340–349

Copyright © 2014 John Wiley & Sons, Ltd.

343

Source

Attribute

wileyonlinelibrary.com/journal/ffj

89

Chapter VI: Paper 5 - Sensory characterization of Hunter Valley Semillon aged in bottle

J. W. Blackman et al.
Table 3. (Continued)
Attribute

Source

Type I SS

Mean squared

F-value

Pr > F

Acidity

Assessor
Sampleb
Assessor × samplec
Errord

978
242
917
1809

32.6
7.8
2.1
1.8

15.46
3.71
1.16
3.71

<0.0001
<0.0001
0.0360

Sweetness

Assessora
Sampleb
Assessor × samplec
Errord

1182
575
795
1780

39.4
18.5
1.8
1.8

21.57
10.14
1.02
10.14

<0.0001
<0.0001
0.4120

a

NS, not signiﬁcant.
Degrees of freedom:
a
30,
b
31,
c
435 and
d
991.
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character reported in botrytized Fiano wine,[39] or be a
component of the typical citrus, fruity, caramel and honey aroma
described in botrytized wines.[40] Botrytis rot of Semillon is
0070roblematic in the Hunter Valley region,[41] and traces of
infection in most vintages may be a factor that resulted in
the orange marmalade attribute being utilized by the DA
panel in this study.
The kerosene character also increased in 11 of the wines, but
only ﬁve of these increases were signiﬁcant (p < 0.05).
Surprisingly, for two of the samples, W1 and W5, the kerosene
attribute was actually rated lower in 2010 than in 2007 (Table 4).
These were two of the older vintage wines in the study and their
original kerosene ratings were two of the highest among all
samples in 2007. This result was initially difﬁcult to reconcile as
it has been previously established that the formation of a
kerosene character, also termed ‘petrol’, during ageing is a major
contributor to the aroma of aged Riesling[18,42] and other white
varieties.[43] It would appear that in these two wines, the other
developed characters, orange marmalade, honey and toast, have
become more prominent and may have masked the intensity of
the kerosene character to some extent. The nature of the
possible chemical changes that lead to these sensory changes
are beyond the scope of this paper, however, the chemical
composition, in particular ethyl esters of organic acids, acetoin
and furan based compounds, for some of the resultant sensory
attributes have been reported elsewhere.[44]
A reduction in the intensity of some of the fresh fruit and ﬂoral
characters is also apparent. Most notably and consistently, the
ﬂoral attribute decreased in all wines (7 out of 16 signiﬁcantly,
p < 0.05), with the exception of W14, which was rated at the
same intensity in both tastings (Table 4). Sample W14 was one
of the older wines in the study and had a relatively low ﬂoral
rating in the 2007 tasting. This ﬁnding is consistent with other
studies of white-wine maturation in both typical commercial
storage conditions[6,13–15] and those where the wine is stored
at elevated temperatures.[8,38]
The lemon/lime character decreased in all 16 wines, seven
signiﬁcantly, p < 0.05 (Table 4). It is important to note that
although a decrease occurred, the lemon/lime character was still
an important feature of all wines in the 2010 assessment. The
mean intensity of the lemon/lime attribute of all wine samples

wileyonlinelibrary.com/journal/ffj

in the 2010 analysis was still higher than any of the other
fresh-fruit characters. Indeed, lemon/lime was still the most
dominant aroma character (as ranked by mean intensity) in the
majority of samples, even when the aged attributes are taken
into account. The retention of relatively high intensities of the
lemon/lime character in aged Semillon is dissimilar to other
varietals (Loureiro, Alvarinho, Airen and Vidal Blanc) that have
been studied. Similarly, although grapefruit aroma was rated at
a slightly reduced or unchanged level for all wines, except W5,
none of the reductions were signiﬁcant (p < 0.05) (Table 4).
The exception, W5, the second oldest wine in the study, had
relatively low grapefruit aroma intensity in 2007. This is in
contrast to the previous white wine ageing studies referenced
above, which reported a dramatic decrease in the ‘citrus’
character. It is, however, consistent with a 3-year-old Semillon
wine, which was found to retain high levels of lime in a study
investigating Semillon grape glycosides.[45]
Impact of Bottle Ageing on the Sensory Properties Assessed
by CVA
The canonical variate analyses (CVA) were prepared in order to
compare the wines graphically for the 2007, 2010 and combined
2007/2010 datasets (Figures 1, 2 and Figure S1 of the online
Supporting information). As CVA does not average data, it
accounts for uncertainties and error correlations of the collected
data[29] and can indicate conﬁdence intervals where no overlap
of the circles indicates statistical difference (p < 0.05).
2007 data
The CVA for the 2007 data are shown in Figure 1. In CVA the
variability between members of a group is minimized while
the differences between the groups are maximized.[29] A twodimensional solution was accepted as there was a signiﬁcant
drop and a knee in the scree plot after the second dimension,
and the Bartlett’s test showed that the ﬁrst two dimensions were
highly signiﬁcant (data no shown). Within these ﬁrst two
dimensions, 77.8% of the total variance could be explained, with
the ﬁrst dimension accounting for 64.5% and the second dimension an additional 13.3% (Figure 1). Along the ﬁrst dimension,
samples were separated based on their aromas, while perceived

Copyright © 2014 John Wiley & Sons, Ltd.
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**
***
–
***
***
–
***
–
–
–
*
***
**
***
–

–
–
–
–
–
***
**
–
–
*
***
–
*
–
***

2B

3.8
1.9
2.4
1.5
1.4
2.6
1.4
1.1
1.6
1.7
3.2
2.7
2.4
5.3
3.1

10A 10B
Style 3
4.2
3.6
2.4
1.5
2.9
2.2
2.2
1.4
1.6
0.9
3.1
2.6
2.5
1.6
1.1
1.1
0.9
1.0
0.8
1.3
1.6
2.9
1.6
2.5
1.8
2.4
5.8
5.7
3.1
3.0

4.4
3.6
2.5
2.3
2.6
2.9
2.5
1.4
1.8
1.4
2.4
1.3
1.7
4.8
3.9

Style 2

2A

–
**
–
*
*
–
**
–
–
–
***
*
–
–
–

–
***
–
*
***
–
**
–
–
–
*
***
*
–
**

3B

3.9
1.9
2.4
1.7
1.3
2.9
1.7
1.1
1.3
1.6
2.8
2.5
2.4
5.0
3.3

11A 11B
Style 3
4.2
3.2
2.0
1.8
2.3
2.1
1.9
1.7
1.2
1.1
3.3
2.4
2.2
1.4
1.1
0.8
0.9
1.4
1.1
1.9
2.8
3.5
2.2
3.5
1.8
2.7
5.7
5.1
3.0
3.7

4.5
2.6
2.4
2.2
1.8
2.8
2.3
1.6
1.3
1.5
2.6
2.3
1.7
5.0
3.3

Style 2

3A

**
–
–
–
–
*
–
–
*
–
–
***
**
–
*

–
–
–
–
–
–
–
–
–
–
–
–
*
–
–

4B

3.2
1.4
1.9
1.6
1.1
2.5
1.1
0.7
1.3
2.5
4.0
4.1
2.6
5.6
3.0

12A 12B
Style 3
3.9
3.5
1.8
1.5
2.4
2.2
1.5
1.4
0.9
0.8
3.3
3.0
2.4
1.6
1.5
1.3
0.6
1.3
1.6
2.3
2.6
3.4
2.8
3.1
2.4
2.4
5.0
5.0
3.4
3.3

4.1
2.2
2.2
2.3
1.3
3.0
1.8
0.9
1.0
2.1
3.6
2.7
2.6
5.3
2.9

Style 4

4A

–
–
–
–
–
–
*
–
*
*
*
–
–
–
–

**
*
–
*
–
–
**
–
–
–
–
***
–
–
–

5B

2.8
1.4
2.0
1.8
1.0
3.0
1.0
0.8
1.1
3.1
5.5
5.3
2.5
5.5
3.6

13A 13B
Style 2
4.4
3.4
2.2
1.6
2.6
2.3
2.1
1.3
1.5
1.1
3.2
2.4
2.3
1.9
1.1
1.5
1.0
1.2
1.3
1.8
2.2
3.0
2.0
3.1
2.1
2.2
5.0
5.4
3.7
3.3

3.2
1.5
1.7
1.2
1.1
3.8
1.3
1.1
0.9
2.2
4.1
5.3
2.8
5.2
2.8

Style 4

5A

Samplea mean intensity

*,
** and
*** indicate Fishers’s LSD between wines in 2007 and 2010 at p < 0.05, p < 0.01 and p < 0.001 respectively.
a
A, 2007; B, 2010.
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Lemon/lime
Floral
Grapefruit
Pineapple
Confectionary
Hay/straw
Grassy
Asparagus
Lychee
Orange marmalade
Honey
Toast
Kerosene
Acidity
Sweetness

9A
9B
Style 2
4.5
3.7
3.9
1.8
2.8
2.6
3.2
2
2.8
1.1
2.5
2.3
3.1
1.7
1.2
0.9
1.4
1.3
1.1
1.6
1.8
2.6
1.1
2.7
1.2
2.1
5.7
4.7
3.9
4.2

Wine attribute

3.3
1.5
1.9
1.8
0.9
2.3
0.8
1.0
1.2
3.6
6.0
4.5
3.0
4.6
3.8

3.7
1.6
2.2
1.6
1.0
3.9
1.7
1.4
1.0
2.7
4.5
4.2
3.7
5.1
2.5

Style 4

1A

Lemon/lime
Floral
Grapefruit
Pineapple
Confectionary
Hay/Straw
Grassy
Asparagus
Lychee
Orange marmalade
Honey
Toast
Kerosene
Acidity
Sweetness

Wine attribute

**
–
–
*
–
*
–
–
–
–
*
**
–
–
–

–
–
–
–
–
*
–
–
–
**
***
–
–
–
**

Table 4. Means of all attributes for both 2007 and 2010 tastings and level of signiﬁcance of Fisher’s LSD between years

6B

3.4
1.6
2.1
1.8
0.9
2.5
1.4
1.0
1.3
2.6
4.0
3.7
2.7
4.9
3.4
14A 14B
Style 4
3.6
3.2
1.9
1.9
2.2
2.1
1.9
1.3
1.2
1.5
3.1
3.0
1.8
1.4
1.0
0.9
0.9
1.3
1.4
2.5
2.8
3.5
3.7
3.7
2.3
2.6
5.6
5.5
3.1
3.2

3.7
1.8
2.2
2.4
1.6
3.0
1.6
1.2
1.1
2.5
3.3
3.2
2.5
4.3
2.9

Style 4

6A

–
–
–
–
–
–
–
–
–
**
–
–
–
–
–

–
–
–
–
*
–
–
–
–
–
–
–
–
–
*

7B

3.5
1.6
2.4
1.7
1.3
2.3
2.0
1.2
1.4
1.7
2.5
2.1
2.2
5.3
3.7
15A 15B
Style 2
4.5
3.8
2.8
1.8
2.5
2.1
2.0
1.7
1.7
1.3
2.8
2.9
2.2
1.6
1.2
0.8
1.2
1.4
2.0
2.1
2.7
3.4
2.2
3.3
2.2
2.3
4.8
5.3
3.7
3.0

5.4
4.2
2.8
3.3
2.5
2.2
2.6
1.4
2.1
1.5
1.8
1.2
1.3
5.4
3.9

Style 2

7A

*
**
–
–
–
–
–
–
–
–
*
**
–
–
*

***
***
–
***
***
–
–
–
**
–
***
*
**
–
–

8B

3.2
1.5
1.7
1.7
0.8
3.0
0.9
0.7
1.3
4.1
5.8
5.6
3.1
4.9
3.4
16A 16B
Style 1
5.2
4.2
4.1
2.4
2.6
2.4
3.2
1.7
3.5
1.9
2.2
2.8
2.5
1.4
1.3
0.8
1.6
1.3
1.0
1.7
2.3
3.0
1.1
2.4
1.5
2.0
4.5
4.2
5.1
5.6

3.7
1.7
1.7
1.9
0.8
3.8
1.3
0.8
1.2
3.6
5.5
5.5
3.1
4.9
2.7

Style 4

8A

**
***
–
***
***
–
**
–
–
–
*
**
–
–
–

–
–
–
–
–
*
–
–
–
–
–
–
–
–
*
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Figure 1. Canonical variate analyses biplot of HVS wine (1–16) tasting in 2007

acidity separated the wines along the second dimension. The
older Style 4 wines (W1, W4, W5, W6, W8 and W14), on the
right-hand side of the ﬁrst canonical dimension, are mainly
described by high ratings in the toast, honey, kerosene and
orange marmalade attributes. The Style 2 wines (W2, W3, W7,
W9, W13 and W15), located on the left-hand side of the same
canonical dimension, were highly positively correlated with
ﬂoral, confectionary, lemon/lime and pineapple characteristics
and negatively correlated with the aged attributes (toast, honey,
kerosene, orange marmalade). The Style 1 W16 had similarities
with Style 2 wines but was rated higher in sweetness and lower
in acidity. Style 3 wines (W10, W11 and W12) were generally
lower in both the fresh-fruit characters and aged characters,
positioning them near the centre of dimension 1, but showed
higher acidity.

providing greater meaning and fresh-fruit characters having less
inﬂuence on the wines’ position on the ﬁrst canonical dimension
(accounting for 64.5% of the total variance). The second
dimension, explaining an additional 15.2%, in the 2010 data is
now driven by the opposite position of acidity and sweetness,
which is in contrast to the 2007 data, where only acidity was
responsible for the separation along dimension 2. Separation
of the wines after 3 years of ageing is less distinct than in
2007, with only the oldest Style 4 wines with the most distinct
aged characters appearing as a separate group. Interestingly,
the higher sweetness of Style 1 wine 16 has greater inﬂuence
in this analysis than in 2007. The set of wines appear to have
become more similar, as the younger wines have developed
more aged characters and the older wines have not changed
substantially for any attribute (as also shown in Table 4).

2010 data

2007 and 2010 data

The CVA of the 2010 data (Figure 2) shared many similarities
with those described for the 2007 CVA (Figure 1). Again, a twofactor solution was chosen based on a drop in the eigenvalues
after two dimensions, and a signiﬁcant Bartlett’s test for the ﬁrst
two dimensions (data not shown). The most obvious difference
is that the attributes are almost a mirror image of those in the
2007 plot, with, understandably, the aged characteristics

In an attempt to identify the wines that underwent the most
change in sensory attributes, CVA on the wine by year interaction was conducted (Supplementary Figure 1). A distinct feature
shown by these CVA is that the oldest Style 4 wines from both
tastings group closely (i.e., 1A and 1B, 5A and 5B, 8A and 8B)
on the left side of the product space, which is highly
inﬂuenced by toast, honey and kerosene attributes. The close
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Figure 2. Canonical variate analyses biplot of HVS wine (1–16) tasting in 2010
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proximity of each Style 4 wine, despite 3 years cellar ageing,
indicates that, as would be hypothesized, they have undergone
little change. It also provides further evidence that both the
2007 and 2010 panels were judging the attributes in a similar
fashion (i.e., the wines that were expected to undergo the least
change are depicted on the product space closely and are not
signiﬁcantly different, p > 0.05).
The decreased amount of overall variation between all samples, particularly higher aged characteristics and lower primary
fruit aroma, meant that the CVA analysis was unable to separate
the wines into distinct groups. As with the 2010 CVA (Figure 2),
the original groups from the 2007 tasting (Figure 1) are not as
clear-cut, with many more wines from both tastings appearing
around the central region of the quadrant area. Principal component analysis (PCA) was subsequently performed in order to
better illustrate the transition of individual wines.
Principal Component Analysis
The PCA (Figure 3) was performed on the mean sensory
scores for each wine. The PCA allows comparison of the
characteristics of each wine with all other wines. The correlation matrix was used to generate a two-factor solution. A
two-factor solution was accepted as it accounted for 72% of
the total variation, and passed the conditions of the scree test
and interpretability.[29]
Dimension 1
Dimension 1 accounted for 57.1% of the variance, with the variable loadings associated with age characters having the greatest
common meaning. The ﬁrst component separated the samples
according to relative intensity of confectionary, pineapple, ﬂoral,
lemon/lime, grapefruit and grassy characters, as opposed to the
developed attributes of orange marmalade, honey, toast and, to
a lesser extent, hay/straw. For all 16 wines studied, the 2010
results are less inﬂuenced by the fresh-fruit characters on the
right and are depicted further towards the developed characters
on the left, relative to their 2007 counterparts. The amount of
change has been quantiﬁed graphically using a slightly modiﬁed
approach, as previously described by Cocchi et al.,[46] who

graphed differences between factors obtained in parallel factor
analysis (PARAFAC) models. Figure 4 quantitatively represents
the difference in PCA dimension-1 values for each wine from
2007 and 2010.
Figure 4 highlights that all samples evolved in the same
direction – the fresh-fruit characters becoming less indicative
and/or the developed characters becoming more dominant.
The larger the difference between ﬁrst component scores, the
greater is the relative change. The magnitude of change appears
to be affected in two ways. The most evident factor is that the
youngest wines evolved by the greatest amount. The seven
wines that changed most were, in decreasing order, W7, W16,
W9, W2, W10, W15 and W3. All wines were from the most recent
vintage, 2006, except W15 from the marginally earlier 2005
vintage.
The change in attributes for W7, one of the 2006 vintage
wines used in this study, between 2007 and 2010 is illustrated
on Table 4. The signiﬁcant decrease in many of the fresh-fruit
characters (lemon/lime, ﬂoral, pineapple, confectionary) and increase in the aged characters, signiﬁcantly (p < 0.05) for toast
and kerosene, is readily apparent. These changes were responsible for the greatest transformation of all wines, as shown in
Figure 4, across dimension 1. A more profound change in the
aroma characteristics in younger wines can be explained by
the fact that young wines have high levels of fresh-fruit
characters soon after fermentation and low levels of aged
characters. The effect of ageing will therefore have a larger relative impact as the fruit characters diminish and aged characters
become apparent.
Correspondingly, the wines that changed the least were the
older wines used in the study, typically classiﬁed as Style 4.
The already low intensity of fresh fruit character in older wines
diminishes relatively more slowly while the developed aroma
increases relatively little. The marginal (and non-signiﬁcant,
p > 0.05) decrease in fresh-fruit characters and the small
increase in the developed characters in the 2010 tasting for
the 1996 vintage W8 is also shown clearly in Table 4. The
four styles of Semillon identiﬁed in 2007 also appear to have
evolved at different rates. In general, HVS Style 1 and 2 wines
have developed to the greatest extent. Style 3 wines,
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Figure 3. PCA biplot of HVS wine (1–16) tastings in 2007 and 2010
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Figure 4. Difference across dimension 1 in PCA biplot of HVS wine (1–16) tastings in 2007 and 2010

characterized by higher perceived acidity and slight grassiness
have developed to a lesser degree. Although the slightly older
vintage of this group of wines explains this ﬁnding to some
extent, the different composition of the wines also appears to
have an effect. For example, the amount of change for W10
was generally less than other 2006 vintage wines. Oxidation is
slower under low pH conditions[47] and therefore the higher
acidity, typical of the HVS Style 3 group, may help explain the
slower development. Style 3 wines also lack the prominent
fresh-fruit characters (more typical of HVS Style 1 and 2 wines)
and so the relatively low intensity of these aromas in the initial
assessment meant that a decrease in the second tasting was
less detectable. This different rate of change between wines of
different styles has also probably contributed to the reasonably
apparent style separation in the ﬁrst tasting, to become more
cluttered after ageing for 3 years. The loss of distinct style
groupings, with the exception of the most aged examples of
Style 4 and also Style 1, was observed and discussed previously
in the CVA section.

Dimension 2
The second principal component (dimension 2) of Figure 3
accounts for only 14.9% of the total variation and interpretation is more difﬁcult than for dimension 1. The most obvious
explanation of this dimension is that the variation is inﬂuenced by acidity and sweetness – whereby the more the
wine is characterized by acidity, the lower the wine appears
on the PCA. The inﬂuence of sweetness manifests itself in
two ways. Wines that elicited some sweetness, Style 1 W16
being the most obvious example, appear towards the top
of the PCA. The effect of sweetness on the perception of
acidity is also inﬂuential, as increased sweetness has been
previously demonstrated to help reduce the perception of
acidity in white wine.[48,49] Discussion regarding changes in
the perception of acidity and sweetness in this group of
wines is of interest, as another study found that wines with
lower perceived acidity and higher sweetness had a greater
acceptance with consumers.[50]
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Figure 5. Difference across dimension 2 in PCA biplot of HVS wine (1–16) tastings in 2007 and 2010
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Applying the same method described above for Figure 4, the
change in dimension-2 values for each wine in 2007 and 2010
has been graphed (Figure 5). Figure 5 illustrates that for most
(13 out of 16) samples, the 2010 tasting of the wine plots above
that of the corresponding 2007 sample, indicating that the
overall characterization of the aged wines is less inﬂuenced by
acidity. Anecdotally, aged white wines are said to become softer
with less pronounced perceived acidity, but there is little
published sensory research that substantiates such a claim.
Working with a model wine solution, Edwards et al.[51] reported
that the formation of ethyl esters of tartaric acid did reduce the
perceived acidity – possibly resulting from interference of the
sensory recognition of acidity due to ethyl tartrate, or more likely
due to the decrease in TA.[52,53] As shown in Table 1, the TA of
the wines did not change signiﬁcantly, and the very slight trend
of decreased TA was considered to be more likely a factor of
experimental error and minor calibration differences. Clearly,
more work is required to help demonstrate that ageing does
inﬂuence the sensory effect of acidity in white wine.

Conclusion
The effect of a 3-year bottle ageing on HVS has been investigated using sensory descriptive analysis. The ﬂavour proﬁles of
different HVS wine styles have been shown to change at different rates, with Styles 1 and 2 displaying the most prominent
changes in fresh-fruit and aged characters. The fact that many
HVS wines retain their original primary fruit character while also
developing desirable aged attributes has also been demonstrated. This could be an explanation as to why some consumers
report liking aged HVS in other studies. This study provides
winemakers and researchers with an illustration of the sensory
changes in ﬂavour in HVS.
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CHAPTER VII
VII.1. GENERAL DISCUSSION, CONCLUSIONS AND FURTHER WORK

Chapter 2: Paper 1 - Sensory characterization of Hunter Valley Semillon using
descriptive analysis
This manuscript was the first to report the sensory characterisation of a substantial selection
of Semillon wines, with only a brief description of four Turkish Semillon wines having
been previously reported. (Elmacı, Kalkan Yıldırım, Yücel, Ova & Altuğ, 2007). As also
indicated by the title, it was the first to describe the sensory characteristics of Semillon
produced in a single region, the Hunter Valley in New South Wales, Australia, well-known
for the production of this wine type.

The published manuscript utilised multivariate analyses, with a focus on principal
components analysis (PCA) to elucidate the key flavours found in HVS. In hindsight, the
inclusion of Figure 1 (the factor plot showing only the descriptors) was largely redundant as
all information could have been clearly illustrated on Figure 2 (the PCA with the wines
overlaid on the descriptors) with some simple formatting. Also in retrospect, a Canonical
Variate Analysis (CVA) should have been included as it would have better explained and
illustrated the classification of the four wine styles than the PCA and individual attribute
means utilized in the original paper. As CVA does not average data, it accounts for
uncertainties and error correlations of the collected data (Lawless & Heymann, 2010) and
can indicate confidence intervals where no overlap of the circles indicates statistical
difference (p<0.05). Applying CVA has subsequently shown more distinct grouping of
styles than the original PCA, most likely because in CVA the variability between members
of a group is minimized while the differences between the groups are maximized (Lawless
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& Heymann, 2010). The CVA for the 2007 data was subsequently inserted as Figure 1 in
the Chapter 6 manuscript.

Nevertheless, the results and analyses in the original manuscript did provide the same
overall classifications. Therefore this paper resulted in the sensory characterization of HVS
wines and demonstrated the range of flavours that were present in these wines. It has also
defined four distinct styles. The main attributes of each style were illustrated in Figure 3 of
the paper (Blackman & Saliba, 2009) and the overall characterisation discussed.

Chapter 3: Paper 2 – Consumer preference of Hunter Valley Semillon wines
This study allowed a novel technique to be utilised and examined. The ‘Style’ approach,
whereby a DA is performed and wines classified into distinct groups, has allowed selection
of wines for subsequent consumer studies to be to be performed in a systematic manner.
Wines representative of each Style were able to be chosen, and so a relatively small sample
was able to cumulatively represent the range of flavours that occur in all HVS. The validity
of the Style designation was illustrated to some extent by the similarity in consumer mean
preference scores for wines from the same HVS Style. The mean preference difference
between wines of the same Style (i.e. Wines B and C from Style 2 and Wines A and E from
Style 4) revealed no significant difference. This Style approach is therefore a valuable tool
for future consumer studies as fewer samples need to be presented to consumers, and the
researcher can remain confident that the examples are reflective of the breadth of aromas
and tastes present in the original set of wines. At present, consumer studies often present up
to 16 wines to respondents (Lattey, Bramley & Francis, 2010; Lesschaeve, Bowen &
Bruwer, 2012; Williamson, Robichaud & Francis, 2012) which typically requires multiple
tastings or a larger number of consumers to taste a subset of the wines in a statistically
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meaningful manner. This is time consuming and can become prohibitively expensive. Whilst
the Style approach may be better suited to groups of wines with a somewhat restricted
diversity, such as single varietal studies, especially from one region, investigation of its’ use
more broadly is also worthwhile.

Internal preference mapping indicated that neither a consumer’s age nor level of wine
drinking experience influenced preferred wine style, but self-reported wine knowledge and
the frequency of consumption did appear to be a factor. It was also seen that these two
groups are closely related, as had been previously inferred by the relationship between wine
purchase and knowledge (Flynn & Goldsmith, 1999). The aged characteristics of Style 4
wines seem to be characteristics that a segment of consumers with higher wine knowledge
and frequent consumption are able to appreciate. This phenomenon has not been previously
discussed, although, a section of knowledgeable consumers were reported to prefer wines
with less sweetness, but more caramel, butterscotch and petroleum notes in a study
involving Riesling Chardonnay and Sauvignon Blanc wines (Lesschaeve, Bowen & Bruwer,
2012). Importantly, overall, the vast majority of consumers do not appear to like these
characters. This is consistent with other studies that have reported that aged characters are
generally undesirable in both red (Lattey, Bramley & Francis, 2010; Torri, Noble &
Heymann, 2012; Williamson, Robichaud & Francis, 2012) and white wines (Lesschaeve,
Bowen & Bruwer, 2012).

Industry Relevance/Ramifications
The overall difference in consumer preference for the younger HVS wines, Styles 1, 2 and 3,
was effectively communicated to the Hunter Valley wine industry through industry
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seminars, industry journals and industry reports (See Contribution list). Specifically, the
‘take home’ message of a significant preference for wines with fresh fruit characters,
especially those with some sweetness to help balance acidity was proffered. Most
rewardingly, the HVS ‘Style’ concept became part of the Hunter Valley winemaker’s
vernacular and the portfolio of HVS wine styles has changed since this research was
performed. As expressed by Sarah Crowe (Past President of the Hunter Valley Vignerons
Association), “your research made us think about making Styles 1 and 2 and avoiding Style
3” (S.J.Crowe, personal communication, March 24, 2014). An increased number of wines
that correspond to the characteristics of HVS Style 1 wines is the most obviously example of
change in HVS wine production and philosophy. Increased production of the more desired
HVS Styles has been achieved by delaying harvest until the grapes have developed riper
citrus characters and avoiding the production of highly acidic wines. Halting the
fermentation when some residual sugar is still present or the addition of grape concentrate
(addition of non-grape sugar is illegal in Australia) have also been be useful techniques to
provide a level of sweetness and facilitate balancing the naturally-occurring acidity.
Research that explored the effect of sweetness and associated acid/sugar balance on HVS
preference was subsequently explored in Chapter 5.

The findings in regards to Style 4 also highlighted the necessity for Hunter Valley wineries
to carefully consider their production, storage and marketing practices. At present, some
wineries store their HVS and wait for the development of some aged characters prior to
releasing on the market in the belief that consumer will appreciate and pay more for these
wines. Whilst our research indicated that whilst there is a small niche market for this aged
style, the economics of storing wine and limiting cash flow would need to be regularly

99

Chapter VII: General Discussion, Conclusions and Further Work

reviewed. Other wine styles, both red and white, are similarly stored for extended period of
time and so further research on the consumer preference of other wine styles is required.

Chapter 4: Paper 3 - Examination of the potential for using chemical analysis as a
surrogate for sensory analysis.
This investigation explored the use of a multi-block technique known as Common
Components and Specific Weight (CCSW) Analysis (Qannari, Wakeling, Courcoux &
MacFie, 2000) for comparison of sensory descriptive analysis (DA) data with the routine
chemical analyses undertaken in a winery. Even after training and use of sensory standards,
sensory data typically has large variance across assessors but CCSW is able to account for
data blocks that have different scales and magnitudes by standardising the block to unit
variance (Hanafi, Mazerolles, Dufour & Qannari, 2006).

DA had been performed for 16 Hunter Valley Semillon (HVS) wines and at this stage of the
PhD, a future sensory study was envisaged. This investigation was therefore undertaken to
determine if chemical analyses could complement and/or supplement sensory analysis. The
title of the published manuscript is misleading as the basic chemical analyses did not show
that they could be used as a complete surrogate for sensory analysis. However some
relationships between the chemical and sensory data were established. The most significant
relationships established using CCSW included;
I. Sensory sweetness attribute was significantly positively correlated with total glucose and
fructose, fructose alone and glycerol. The small differences in glucose and ethanol between
the samples were possibly the reason they were surprisingly also not found to be correlated
positively with sweetness.
II. Floral aroma was positively correlated with fructose and total residual sugar concentration
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III. Asparagus aroma was positively correlated with and wine pH and malic acid
concentration
IV. Acidity taste was positively related to the titratable acidity

Whilst positive and significant correlations were found between some analytical
measurements and aroma sensory scores, further consumer preference studies and the
sensory description of bottle aged wine were seen as the principle areas of research for this
thesis. Therefore specific analysis of the wines by methods such as gas chromatography
mass spectrometry (GC-MS) fell out of the scope of this thesis. Nevertheless, other
researchers utilised the subsequent DA performed in this thesis and published a paper
entitled, Wine Metabolomics: Objective Measures of Sensory Properties of Semillon from
GC-MS Profiles (Schmidtke, Blackman, Clark & Grant-Preece, 2013) and this has been
positioned in the appendix. This article describes the technique of automated multivariate
curve resolution technique to non-targeted GC-MS profiles. More than 250 GC-MS peaks
were extracted from the wine profiles and using PLS regression good predictive models of
the sensorial attributes honey, toast, orange marmalade, and sweetness were obtained. This
type of data handling method becomes increasingly important as multidiscipline studies
generate large data sets which require decomposition for the extraction of relevant
information and further investigations are required.

Chapter 5: Paper 4 - Sweetness acceptance of novices, experienced consumers and
winemakers in Hunter Valley Semillon wines.

The findings in this paper demonstrated that consumers tend to prefer HVS with increased
amounts of residual sugar. Although there seems to be frequent subjective claims of
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inexperienced consumers preferring wine with higher levels of sweetness this investigation
was also the first to establish differences in sweet preference between novices and
experienced consumers as well as differences between consumer groups and winemakers.
Furthermore, this study has also defined levels of residual sugar within which winemakers
can aim to produce wine in order to gain acceptance from the HVS consumer, allowing
winemaking decisions for residual sugar levels to be quantitatively based.

The effect of learned liking has been established in the sensory literature for bitterness
(Mattes, 1994; Stein, Nagai, Nakagawa & Beauchamp, 2003). A learned liking may also be
the cause of the preference towards acid and/or absence of sweetness in experienced
consumers, especially winemakers, and this occurrence could be investigated. In particular,
winemakers need to consider how their preference differs from that of the everyday
consumer and more experienced consumer alike.

The finding that a lower sugar addition was preferred in the wine with less acidity was
indicative of the previously reported interrelationship of sweetness and acidity, however this
phenomenon should be investigated in a wider range of wines. Most recently, consumer
studies have found a taste preference for red wines with some sweetness (Lattey, Bramley &
Francis, 2010; Williamson, Robichaud & Francis, 2012) and sweetness was also seen as an
important driver of preference in a study of Chardonnay, Riesling and Sauvignon Blanc
(Lesschaeve, Bowen & Bruwer, 2012). The consumer study (Chapter 3) which leads to this
investigation is further evidence of the latent predilection of sweetness. Research on wine
balance has previously been limited to the determination and discussion of wine quality
(Charters & Pettigrew, 2007; Meillon, Viala, Medel, Urbano, Guillot & Schlich, 2010), and
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so further studies involving the concept of wine quality, balance and preference would be
valuable.

Chapter 6: Paper 5 - Sensory characterization of Hunter Valley Semillon aged in
bottle.

Chapter 2 reported that attributes associated with bottle age were an important feature of the
overall characterization of HVS. Furthermore, these characters, honey, toast, kerosene and
orange marmalade, were the defining aromas of the wines that were able to be designated as
HVS Style 4 (Blackman & Saliba, 2009). Subsequent consumer studies (Chapter 3)
indicated that these characters were pivotal in the determination of consumer preference,
with most consumers not liking aged characters. Chapter 3 also showed that there was a
group of consumers, albeit a small subset of respondents who consumed wine regularly
and/or indicated a high self-reported wine knowledge, which preferred HVS Style 4 wines.
Therefore it was prudent to investigate the evolution of sensory characters in HVS wines
over a moderate aging period. As initial industry consultation had indicated that bottle age
was an important aspect of HVS, a sufficient number of bottles of each of the 16 wines from
the original characterization had been cellared in the Charles Sturt University cellar, and a
second sensory descriptive analysis was able to be completed. A three year time period was
chosen for a number of reasons, but chiefly because after 3 years the wines were now a
similar age to the youngest wines classified as HVS Style 4 in the original study.

Most characters associated with flavour development increased in most of the samples,
many significantly (p<0.05), between 2007 and 2010. The honey and orange marmalade
characters increased for all samples, whilst the toast attribute increased in all but two
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instances. The orange marmalade attribute may well be unique to aged HVS as it, or a
similar aroma character, does not appear to be reported in previous white wine aging studies,
albeit that there is a paucity of research on this topic.

The fresh fruit characters (lemon/lime, grassy, floral, grapefruit and pineapple) decreased in
almost all instances. The most important fresh fruit characters, as indicated by mean
intensity, were the citrus attributes of lemon/lime and grapefruit and these were still
significant attributes in the wines tasted after 3 years bottle aging. The retention of high
intensities of the lemon/lime character in aged HVS has not been reported in other studies
that have investigated white wine aging using DA, notwithstanding only a few such studies
have been reported.

A PCA was performed on the mean sensory scores for each wine from both tastings.
Similarly to the initial HVS characterization, the first component separated the samples
according to relative intensity of primary fruit characters as opposed to the developed
attributes. For all 16 wines studied, the 2010 results are less influenced by the fresh fruit
characters on the right and are depicted further towards the developed characters on the left,
relative to their 2007 counterparts. Using a modified graphing method (Cocchi, Bro,
Durante, Manzini, Marchetti, Saccani, Sighinolfi & Ulrici, 2006) the amount of change was
illustrated. This highlighted that the 4 styles of Semillon evolved at a different rate, with
HVS Style 1 and 2 wines having developed to the greatest extent. The second component of
the PCA indicated that the overall characterisation of the aged wines is less influenced by
acidity. Anecdotally, white wines are often said to become softer and lose acidity with
aging. Whilst the formation of ethyl esters has been reported to increase the “mellowness” of
wine–like solutions (Edwards, Singleton & Boulton, 1985) to some extent, further
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investigations on the cause of the perception of acid loss in wines would be worthwhile.
There is a dearth of sensory work that has investigated the development of white wines,
particularly those known to age well such as Riesling or Chardonnay. Similar repeated
descriptive analyses, complemented by analytical measures such as the study undertaken
using the DA data set in this investigation (Schmidtke, Blackman, Clark & Grant-Preece,
2013), should be undertaken to increase the knowledge in this field.
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VII.2. Summary of Conclusions
The highlights of this thesis include the following outputs:
•

A comprehensive sensory description of Semillon produced from a single
region, the Hunter Valley (HVS) in New South Wales, for the first time.

•

The use of Multivariate statistical analyses to define four distinct Styles of
HVS.

•

Characterisation of consumer preferences of HVS with the important
distinguishing aspects:
• HVS wines with prominent fresh fruit characters and some sweetness
were the most preferred by all consumers.
• HVS wines with higher acidity and developed characters such as
honey, toast, kerosene and orange marmalade were least preferred by
most consumers.
• A relatively small group of consumers did prefer the developed
characters found in aged HVS; this group was characterised by higher
wine knowledge and regular consumption patterns.

•

Established that experienced consumers preferred wines with less added
glucose than a novice group. Winemakers preferred a lower level of glucose
addition again but still preferred some additional glucose.

•

Observed the interrelationship between the perception of sweetness and acidity
and further studies to investigate a diverse range of residual sugar and acid
levels in other wine types are recommended.

•

Quantitatively defined levels of preferred residual sugar for different categories
of wine tasting experience; winemakers can be guided by this discovery where
consumer satisfaction is a goal.
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•

Successfully applied a multivariate multi-block technique known as Common
Components and Specific Weight (CCSW) Analysis to compare DA data with
chemical analyses to demonstrate:
•

Strong positive correlations between chemical parameters and flavour
descriptors, illustrating the possibility of using chemical analysis as a
surrogate for sensory testing.

•

Investigated the sensory change of HVS after three years of storage and
observed:
•

The development of honey, toast, kerosene and orange marmalade
aromas in all wines. The evolution of these attributes demonstrates the
ability of HVS to achieve complexity with aging, a finding that has not
previously been reported for other white varietal wines.

•

The retention of fresh fruit characters, particularly lemon/lime and
grapefruit aromas in certain HVS styles. The preservation of these
characters also has not previously been reported in scientific literature
for any varietal.

•

A perceived reduction in acidity with aging, the exact mechanism for
which is unclear and should be further investigated in HVS and
possibly other wines with similar aging attributes such as Riesling.

•

The rate at which aged characters develop is dependent on style and
influenced by acidity and the original stage of bottle age.

These findings have been communicated to the Hunter Valley wine industry and led to
practice change. Whilst all investigations have been carried out using HVS, the applicability
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of this new knowledge to all wine types, particularly white varietals, has been considered
and the possibility of further investigations discussed.
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ABSTRACT: The contribution of volatile aroma compounds to the overall composition and sensory perception of wine is well
recognized. The classical targeted measurement of volatile compounds in wine using GC-MS is laborious and only a limited
number of compounds can be quantiﬁed at any time. Application of an automated multivariate curve resolution technique to
nontargeted GC-MS analysis of wine makes it possible to detect several hundred compounds within a single analytical run.
Hunter Valley Semillon (HVS) is recognized as a world class wine with a range of styles. Subtle characters reliant upon the
development of bottle maturation characteristics are a feature of highly esteemed HVS. In this investigation a metabolomic
approach to wine analysis, using multivariate curve resolution techniques applied to GC-MS proﬁles coupled with full descriptive
sensory analysis, was used to determine the objective composition of various styles of HVS. Over 250 GC-MS peaks were
extracted from the wine proﬁles. Sensory scores were analyzed using PARAFAC prior to development of predictive models of
sensory features from the extracted GC-MS peak table using PLS regression. Good predictive models of the sensorial attributes
honey, toast, orange marmalade, and sweetness, the deﬁning traits for HVS, could be determined from the extracted peak tables.
Compound identiﬁcation for these rated attributes indicated the importance of a range of ethyl esters, aliphatic alcohols and
acids, ketones, aldehydes, furanic derivatives, and norisoprenoids in the development of HVS and styles. The development of
automated metabolomic data analysis of GC-MS proﬁles of wines will assist in the development of wine styles for speciﬁc
consumer segments and enhance understanding of production processes on the ultimate sensory proﬁles of the product.
KEYWORDS: multivariate curve resolution alternative least-squares (MCR-ALS), Semillon wine, sensory, partial least-squares (PLS),
volatile compounds, parallel factor analysis (PARAFAC)

■

INTRODUCTION

groups to food and beverage aroma is not accounted for solely
by the use of OAV.3
Signiﬁcantly some compounds in low concentrations and
with OAV greater than one may contribute positively to
product aroma, but when present at high concentrations, their
odor contribution to the overall product may become dominant
and negatively correlated with product acceptance. Such
observations have been reported for speciﬁc marker compounds associated with minty, eucalyptus aromas,4 or yeast
spoilage characters5 in wine. Alternatives and adjutants to OAV
such as aroma extract dilution analysis,6 CHARM,7 and other
methods that employ olfactory detection during gas chromatography are important contributors to the understanding of
aroma compound concentrations and sensory perception.
Each of the above approaches requires considerable investment of time and personnel for the determination of discrete
analytical values for compounds of interest in a sample. The
application of multivariate curve resolution (MCR) techniques
makes it possible to decompose complex and information-rich
data sets to matrices corresponding to concentration and
spectral proﬁles.8−11 This approach circumvents the requirement for a priori information regarding the presence of speciﬁc

Flavor and aroma chemists have attempted to ascertain the
most important chemical constituents contributing to the
aroma perception of speciﬁc products, and mapping the
concentration of these compounds to consumer preference
remains the driver of research in consumer product aroma
quantiﬁcation. Flavor is an individual consumer’s perception of
the complex interactions of tactile and aroma compounds
present in a food, and mapping these interactions to
compositional data is an enormously challenging task.
In terms of aroma, compounds are typically described in
relation to their concentration, chemical class, perceived odor
description, odor thresholds in a matrix of similar composition
to the food of interest, and the odor activity value (OAV). The
OAV is calculated as the ratio of the quantiﬁed value of the
compound in the food to the odor threshold, with values
greater than one considered to impart contribution to the
perceived odor of the food.1 Signiﬁcant limitations in the
interpretation of OAVs arise. First, the determination of aroma
thresholds is subjective and prone to considerable imprecision
depending upon assessor experience and the matrix used to
present the compound to assessors.1 Also, compounds with an
OAV less than one are considered to have little or no
immediate impact on the aroma of a food or beverage;
however, the notion of odor families2 and the synergistic or
suppressive interactions of compounds with similar functional
© 2013 American Chemical Society
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held over a two-week period. The Compusense program generated
random three-digit identiﬁcation numbers for each wine at each
session. The order of presentation of the wines was determined using a
randomized complete block design. Sensory data were modeled using
Parallel Factor Analysis (PARAFAC)14,15 as the assessors responses
can be considered a four-dimensional structure of dimensions 16
(samples) × 15 (sensory attributes) × 48 (16 × 3; sensory assessor ×
replicate). The data were mean centered across mode 1, and no scaling
was applied as it can be reasonably expected that sensory data will have
similar variances as the same scale has been used during evaluations.15
PARAFAC models extracting decreasing numbers of components,
commencing with 4 factors, were ﬁtted to the sensory data until the
core consistence results had stabilized.14,16 Factor loadings from the
model were plotted to visualize the relationship between samples and
sensory attributes. To assess the quality of the loadings, the residual
sum of squares for each mode (samples, attributes, and assessors) were
used and variables exceeding the 99% conﬁdence interval (CI) were
ﬂagged as those that were poorly ﬁtted. Assessors whose responses
exceeded the 99% CI of the model were removed and the PARAFAC
model was recomputed with the remaining data. A sample replicate
mean sensory score was computed from the remaining assessor
sensory scores for each sensory attribute and this was used for
regression modeling.
Wine Sample Extraction and GC-MS Analysis. Wines were
assessed, extracted, and analyzed in random order on the same day of
sensory panel appraisal to minimize compositional variations between
sensory and analytical replicates. Prior to extraction, 50 mL of wine
was spiked with 50 μL of internal standard (IS) comprising 3-tertbutyl-4-hydroxyanisole to give a ﬁnal concentration of 4000 μg L−1.
Samples were extracted with LiChrolute-EN cartridges (Merck) as
described previously.17 Brieﬂy, solid-phase cartridges were conditioned
with 4 mL of each of the following solvents: dichloromethane,
methanol, and 12% ethanolic aqueous solutions. The wines were
passed through each cartridge at approximately 2 mL min−1, followed
by a rinse with 2 mL of 12% ethanol aqueous solution and dried using
low pressure (approximately −0.3 bar for 15 min). The retained
components were eluted with 1.5 mL of dicholormethane and spiked
with 25 μL of IS mix comprising 2-octanol and 4-hydroxy-4-methyl-2pentanone to give ﬁnal concentrations of 6670 and 6713 μg L−1,
respectively, transferred to sample vials, and capped for storage at 4 °C
until analysis was conducted.
For GC-MS analysis, 1 μL of extract was injected into an Agilent
7890 gas chromatograph ﬁtted with a 60 m × 0.25 mm internal
diameter fused-silica capillary column with a 0.25-μm wax (DBWAXetr) stationary phase (J&W Scientiﬁc, Folsom, CA) using a
Gerstel MPX autosampler with a Peltier tray cooler at 4 °C. The
injector temperature was 240 °C; septum purge ﬂow was 3 mL min−1,
and the split ratio was 10:1. The helium ﬂow rate through the column
was 1.5 mL min−1 with an average velocity of 31 cm sec−1; the column
temperature was held at 40 °C for 5 min, then increased at 2 °C min−1
to 210 °C and held for 20 min. Mass spectra were collected at a scan
rate of 4.4 s−1 using an Agilent 5975C mass detector operating in
electron ionization mode, scanning from 35 to 350 m/z with a
detection threshold of 100. The detector was switched oﬀ between
6.60 and 8.65 min during eﬄux of solvent. Transfer line temperature
was set to 210 °C, source temperature was 230 °C, and quadrapole
temperature was 150 °C. Total elution time during which mass spectra
were collected for each sample was 110 min.
Multivariate Curve Resolution Alternating Least Squares
(MCR-ALS) Analysis of GC-MS data. All GC-MS ﬁles were exported
in three-dimensional csv format from MSD Chemstation version
E.02.00.493 for processing in MATLAB version R2011b (Mathworks,
Natick, MA) where all data treatments procedures were performed.
The total ion chromatogram (TIC) for each sample was overlaid
without spectral alignment to enable identiﬁcation of appropriate time
windows for automated processing. Although this process required
inspection of all samples, it is the only manual component of the peak
area integration and spectral extraction process and takes less than 30
min to inspect the entire data set. Each time window was selected on
the basis of a stable baseline and that incorporated peaks of a similar

analytes in the sample and expedites data analysis. Extracted
concentration proﬁles can be used in multivariate data analysis
pertaining to metabolomic composition, and if descriptive
sensory data are available predictive models of the sensory
attributes could be constructed. Such models will then enable
the identiﬁcation of compounds with important sensory
features for the product, assist in the elucidation of
manufacturing processes which inﬂuence their concentration,
and shed light on the process associated with product
development and manufacture.
In this investigation we report a novel and comprehensive
semi-automated data analysis approach using MCR applied to a
GC-MS data set of Hunter Valley Semillon (HVS) wines and
map these results to sensory features obtained by descriptive
sensory analysis. This is the ﬁrst report of the use of
multivariate curve resolution techniques applied to the analysis
of GC-MS data with subsequent analysis to create predictive
models of the sensory features of wines. This approach enables
us to report for the ﬁrst time the identiﬁcation of important
compositional aspects of the wines and establish objective
measures of some sensory properties.

■

EXPERIMENTAL SECTION

Chemicals. All chemicals were of analytical grade and purchased
from either Sigma-Aldrich Australia or Fluka Australia. Deionized
water (18 MΩcm−1) was prepared using a Milli-Q ﬁltration system.
Ultra-high-purity helium was obtained from BOC gases, Australia.
Sensory Descriptive and Exploratory Data Analysis of
Wines. The wines used in the present study (Table 1) were part of

Table 1. Wine Sample Details and Allocation in Calibration
and Independent Test Sets Used for Predictive Modeling
number of sample replicates
wine code

vintage

wine style

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P

2001
2005
2002
2006
2006
2006
2006
2003
2002
2006
1996
2004
2006
2005
2002
1998

4
2
4
2
2
3
2
3
4
2
4
4
1
2
3
4

a

calibration set

independent test set

2
2
2
2
2
1
2
2
1
2
2
2
2
2
2
1

1
1
1
1
1
2
1
1
2
1
1
1
1
1
1
2

a
Wine style is indicated according to Blackman and Saliba.12Style 1
characterized by residual sugar, styles 2 and 3 characterized by fruit
ﬂavor spectrum, and style 4 characterized by bottle age.

a larger investigation which ﬁrst characterized HVS and subsequently
examined the impact of bottle age on the wine’s sensory characteristics.12,13 This particular sensory data set was collected during a
repeated appraisal of the wines after an additional three years of cellar
maturation. A total of 16 diﬀerent wines were examined using sensory
descriptive analysis. Full details of the sensory aspects of these wines,
panel training, and data collection are described elsewhere12 and will
be described here only brieﬂy. Sixteen appropriately trained panelists
rated the wines sensory features in triplicate in twelve tasting sessions
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Figure 1. TIC elution proﬁles are examined to identify time windows based upon peak proﬁles. Each time window is then automatically processed
separately by smoothing, background correction, and TIC peak alignment. The TIC shift is then applied to each sample m/z channel to create a 3D
matrix of aligned spectra for the time window. PCA of the mean TIC is used to determine the number of peaks in the time window along with an
initial estimate of spectra. The unfolded aligned spectral matrix is then processed by MCR/ALS to extract pure spectra and peak areas for each
sample. This process is repeated for each time window. Spectra are exported to NIST for preliminary compound identiﬁcation, and sample peak
areas are collated for further data analysis.
matrix (elution time*m/z channel*sample). A two-dimensional matrix
representing the mean m/z elution proﬁle was then used to determine
the number of interesting features (peaks) within the time window.
The number of features was determined by principal component
analysis (PCA) of the transformed matrix; an oﬀset of 1 was added to
all m/z channels which were then down weighted by log10 transform,
mean centered, and variance scaling using the Pareto equation prior to
PCA. This approach accommodates the number of peaks observed
within the time window without overestimating features of
interest.11,20 To enable the iterative MCR-ALS procedure, an initial
estimate of either peak intensity or spectra is required. Spectra
associated with each peak of interest were estimated with the
SIMPLISMA approach21 using the PURE algorithm. Estimated spectra

proﬁle height, across an average elution time of approximately 1.5 min.
Files were processed using a modiﬁed approach to published
procedures.18 Each m/z channel was smoothed by subtracting the
minimum value and ﬁltered by convolution using a vector of size 7.
Convolution is advantageous in that the signal is linearly ﬁltered and
shift invariant thereby retaining elution time proﬁles. A smoothed and
corrected TIC for each sample was then determined from the sum of
each m/z channel in the time window, and this proﬁle was used for
alignment of elution proﬁles using the maximum cross-correlation
approach with the mean sample as the target vector.19 The sample
shift from the alignment of the TIC was then applied on a sample-bysample basis to each m/z channel to align all sample elution proﬁles
within the time window thereby creating an aligned three-dimensional
11959
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Figure 2. PARAFAC loadings for wines and sensory attributes extracted from sensory descriptive analysis. Wines are coded by letter as identiﬁed in
Table 1
were then passed along with the column augmented elution proﬁle of
C = XS(ST S)−1
(2)
all samples (elution time*(samples*m/z)) in the time window to the
MCR-ALS algorithm.10 MCR-ALS iteratively determines the matrix
−
=
concentration (C) and spectral (S) proﬁles of interesting features by
T
T
1
S
X
C
(
C
C
)
(3)
solving the classic least-squares matrix equation

X = CST + E

where superscript T and −1 represent the transposed and
pseudoinverse matrices, respectively. Thus for each iteration an
updated estimate for both C and S can be obtained until the solution
converges and the residual matrix remains unchanged. For each
iteration of the ALS process constraints must be applied to the
concentrations and spectra such that C must always be positive, all
negative values replaced by zero; C is unimodal for all samples; elution
time proﬁles for samples must not vary by more than 2.5%; S must
always be positive and of equal length. The approach for peak table
and spectral data extraction from the GC-MS ﬁles is summarized in
Figure 1.

(1)

where X is a matrix of the unfolded elution time window of
dimensions N (elution time) by J (samples (K)*m/z scans (L)); C is a
matrix of concentrations of dimensions (N*K) by R (number of
features or peaks to be determined), i.e., the chromatographic proﬁle;
S are the spectral proﬁles of dimensions R by L, and E are the residual
errors (N by J).
To solve this problem, the MCR-ALS approach iteratively solves for
C and S using the following equations:

138
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Figure 3. (A) PCA scores of peak areas extracted by MCR-ALS with wines coded for vintage. (B) Loadings from the PCA and peak number
indicated on the vertical axis. Darker loadings indicate absolute peak loadings exceeding the 90th percentile.
Spectral libraries of peaks derived from MCR-ALS were exported
from Matlab in a format compatible with the National Institute of
Standards and Technology (NIST) Mass Spectral Search Program
(version 2.0) using purposely written scripts. Identiﬁcation of target
compounds of interest and internal standards was conducted by
matching the extracted spectra with the NIST−08 Library, and
conﬁrmed using published retention time indices and/or pure
compounds run in identical GC-MS conditions. Retention indices
were determined by analyzing an alkane standard mix (C8−C32 nalkane) in hexane using the same oven ramp and gas ﬂow conditions.
Analysis of GC-MS Peak Areas to Identify Interesting
Sample Groups. Extracted peak areas were preprocessed by
normalizing all peaks to the peak area associated with the injection
IS (4-hydroxy-4-methyl-2-pentanone) to eliminate minor injection
discrepancies between samples and then to the peak area for the IS for
extraction (3-tert-butyl-4-hydroxyanisole) to eliminate discrepancies
associated with extraction eﬃciency. Preprocessing of peak areas was
done as described above prior to PCA. Peaks associated with the IS
were excluded from the PCA. Interesting sample groups were
identiﬁed in scores plots, and a nominal cutoﬀ of 0.9 times the
highest absolute loading value for a speciﬁc principal component (PC)
was used to establish important peaks associated with these groups.
To facilitate interpretation of PCA models, factor rotation
algorithms were employed. Typically PCA models have loadings
rotated to maximize simplicity and assist interpretation, however, it is
also possible to rotate scores to simplicity when speciﬁc groupings of
samples are expected22 such as the present investigation. Factor
rotations may be either oblique or orthogonal and for ease of
interpretation orthogonal rotation was used as preservation of the
angular dependence of loadings and scores was maintained. Varimax
and quartimax rotations were investigated by conducting PCA on the
preprocessed peak table and then rotating the PCA model in
accordance with published methods.22
Identiﬁcation of Peaks Associated with Wine Sensory
Features. The peak data table was regressed across the replicate
mean sensory values for each wine calculated following the removal of
the poorly performing sensory assessors’ results. Prior to regression,
sample replicates were assigned to either a calibration or independent
test data set to determine the predictive ability of the regression
models such that both data sets contained at least one independent
sample replicate for each diﬀerent wine (Table 1) and approximately
60% of the samples were placed in the calibration set. Peak selection
within the calibration set was conducted using the forward interval
(iPLS) regression for each analyte and model combination.23
Predictive models of the sensory attributes from the peak areas were
constructed using either PLS1 or PLS2 regression analysis using the
SIMPLS algorithm with cross validation using random sample subsets

with six data splits. The number of latent variables chosen for each
model was determined from eigenvalues and inspection of the local
minima of the root-mean-square errors of calibration, cross validation,
and prediction such that each metric did not substantially deviate from
the others. Sample outlier and inﬂuence plots (data not shown) were
constructed to identify samples with Q residuals or Hotelling T2 values
exceeding the 95% conﬁdence interval and these samples were
excluded and the regression model was recomputed.24 For PLS2
models multiple predictands were selected based upon the PARAFAC
modeling of sensory data such that attributes closely modeled by the
same loading or those with similar loading values (Figure 2) were
modeled together. For PLS models with good predictive ability, the
variables (peaks) used in the model were identiﬁed, and regression
coeﬃcients and selectivity ratios (SR)25 were plotted to visualize the
inﬂuence of each peak on the model. The SR enabled the identiﬁcation
of peaks with the most inﬂuence on the predictive models of the
sensory scores and these peaks identiﬁed using NIST database
searches of extracted spectra, matching corresponding retention
indices and injection of pure compounds where possible. The NIST
search was conducted using a maximum m/z constraint of 350 and
results were ﬁltered to only include forward match and reverse match
results of greater than 800. All PCA and PLS regression analysis was
performed using the PLS toolbox (version 6.5, eigenvector Research
Inc., Wenatchee, WA).

■

RESULTS AND DISCUSSION
Sensory Modeling using PARAFAC. PARAFAC modeled
the sensory scores using three loadings for each mode (wine
samples, sensory attributes, and panellists). Responses from
one panellist were removed from the data cube prior to the ﬁnal
model as the sum of squares of residuals for this assessor was
greater than the 99% CI (Supporting Information Figure S1).
The ﬁnal PARAFAC model explained 19% of sensory data
variability with a core consistency of 94%. While this is a low
amount of explained variability, the crucial sensory features for
aged HVS are well-deﬁned. Loading plots for modes 1 (wines)
and 2 (sensory attributes) are shown in Figure 2. Loading 1
models wine sensory features associated with bottle development. The attributes of honey, toast, and orange marmalade
aromas are distinctive and sought-after features of quality aged
HVS wines. Wines I, K, and P have the most accentuated
developed character and the highest sensory ratings for these
characters. These three wines, together with the wines A, L, and
C are all positively located in loading 1 and belong to “style
11961
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Table 2. Identity of Compounds Associated with Hunter Valley Semillon Bottle Age and Wine Style Identiﬁed in PCA Plots
peaka
62
68
73
103
105
119
124
130
133
134
137
153
163
165
172
180
190
201
217
230
231
240
244

compound
1-pentanol
acetoin
2-hydroxy-2-methylbutyric acid
furfural
2-acetyl furan
2,3-butanediol (R,S)
isobutyric acid
ethyl-2-furoate
ethyl decanoate
4-methyl benzaldehyde
ethyl methyl succinate
diethyl glutarate
2-acetyl-2-methyltetrahydrofuran
benzyl alcohol
NID (MW 151)e
ethyl 3-hydroxy-3-methylbutanoate
1H-pyrrole-2-carboxaldehyde
1-methyl-1H-pyrrole-2-carboxyaldehyde
NID (C13 norisoprenoid, MW 210)
triethyl citrate
2-furoic acid
vanillin
acetovanillone

CAS

Kovats RI expt

71-41-0
513-86-0
3739-30-8
98-01-1
1192-62-7
513-85-9
79-31-2
614-99-3
110-38-3
529-20-4
4676-51-1
818-38-2
32318-87-9
100-51-6

1213
1222
1303
1412
1502
1509
1511
1605
1606
1607
1607
1801
1806
1900

18267-36-2
1003-29-8
1192-58-1

2001
2003
2074
2202
2500
2501
2504
2603

77-93-0
88-14-2
121-33-5
498-02-2

Kovats RI reportedb
1244
1291
1361
1482
1511
1582
1584
1599
1641
1644
1641

43
44
43
45
46
43
44
43
28
47
48

1851

49

2036
2112

50

2598
2685

51

50

45

identiﬁedc
RI, MS,
RI, MS,
RI, MS,
RI, MS,
RI, MS
RI, MS,
RI, MS,
RI, MS
RI, MS,
RI, MS
RI, MS
RI, MS,
MS
RI, MS,

cmp
cmp
cmp
cmp

reported aromad
balsamic
butter, cream

cmp
cmp

bread, almond
balsamic
fruit
rancid, butter, cheese

cmp

grape

cmp
cmp

MS
RI, MS
RI, MS
MS
RI, cmp
MS
RI, MS, cmp
RI, MS, cmp

sweet, ﬂower

vanilla
vanilla

a
Peak numbering is assigned on chromatographic elution proﬁle. bRI: published retention indices for similar stationary phase. cMS: NIST mass
spectral database match with minimum forward and reverse matching of 800. cmp: matched compound with pure standards dReported aromas from
Flavornet (http://www.ﬂavornet.org) unless indicated. eNot identiﬁed, tentative molecular weight indicated.

4”,12 i.e., typical of aged HVS. This group of wines contains the
oldest wines examined, ranging in vintage year from 1996
through to 2004. Loading 2 models the mouth feel sensations
of acidity and sweetness with each of these attributes at
opposing dimensions for this loading. The position of each of
these sensory features within loading 2 is to be expected, as the
presence of residual sugar moderates the perception of
acidity.26 One wine, designated M, is modeled by this
dimension and is the only wine for style 1 in the study.
Loading 3 models the remaining sensory attributes with
prominent primary fruit-derived features in the positive
segment and the typical aged sensory features possessing
negative loading values. No distinctive separation of wines
according to wine style is obvious within this dimension.
MCR-ALS Extraction of Peaks and Peak Table. A peak
area table consisting of a total of 253 peaks, including the
internal standards, was obtained from the chromatographic
proﬁles and this was subjected to data analysis. The extracted
peak areas ranged in several orders of magnitude and thus
logarithmic transformation and Pareto scaling was considered
appropriate to moderate the inﬂuence of compounds with large
MSD responses relative to concentration and is frequently
employed for metabolomic studies.27 PCA of the peak area
table, excluding the internal standards, shows that wines are
positioned along PC1 (Figure 3A) according to vintage and
hence bottle age. Good clustering for each wine sample
triplicate indicates that the extraction, GC-MS analysis, and
MCR-ALS analysis procedures are robust and free from
spurious results. The corresponding loading bar chart for
PC1 identiﬁes peaks with the most signiﬁcant inﬂuence upon
the PCA. A nominal value of the 90th percentile of peaks based
upon the absolute value of the largest loading from the PCA
was used to identify the most signiﬁcant peaks areas (Figure

3B). The identity of the compounds associated with these
peaks was conﬁrmed with a NIST database search of the
extracted spectra, matching Kovats retention time indices
(Table 2) and pure compounds when available. Of interest are
the positive loadings for vanillin and acetovanillone which are
usually associated with extraction from oak wood during wine
conservation. HVS however, is typically a nonoaked wine and
the presence of vanillin and acetovanillin in aged HVS suggests
other mechanisms are responsible for their formation, and low
concentrations of these compounds have been reported in
Semillon juice.35 Ferulic acid, a grape-derived hydroxycinnamic
acid, is reported to form vanillin in ethanolic solutions36 and
this may be an important mechanism in the development of
HVS bottle age character.
The majority of the important compounds have positive
loadings (Figure 3) and it can therefore be inferred that these
compounds increase in concentration during bottle age. This
group of compounds is characterized by a range of ethyl esters
of organic acids, furan based compounds, and acetoin. These
results are generally consistent with reported increases in ethyl
esters of both branched and diprotic organic acids for bottleaged wines,31 wines aged at diﬀerent temperatures and or
duration,30,32 and measures of volatile compounds during
accelerated aging conditions of Chardonnay.33 The concentration of furanic derivative compounds is also reported to
increase in wines with residual carbohydrate during aging.32,34
As some of the HVS wines in this study have considerable cellar
age it is therefore expected that the formation of these
compounds would occur during the maturation process.
HVS wine styles are generally characterized by the presence
of residual sugar (style 1), the spectrum of fruit ﬂavor (styles 2
and 3), and bottle-aged character (style 4).12 Rotated scores
coded for wine style show a general separation of samples
11962
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Figure 4. (A) Quartimax rotation of PCA scores with wines coded for style. (B) Rotated loadings from the PCA and peak number indicated on the
vertical axis. Darker loadings indicate absolute peak loadings exceeding the 90th percentile.

according to style (1 and 4) along PC1 (Figure 4) and the
variable loadings (Figure 4), which illustrate the most
important compounds based upon the relative loading values,
are generally in agreement with previously reported sensory
description of aged HVS wines arising from the formation of
compounds during wine aging reactions.12 The loading
directions infer that two compounds, 1-pentanol and ethyldecanoate, diminish in concentration within the wines during
aging (loadings are negative) which is in agreement with
previously reported measures of these volatile compounds in
young and aged HVS,28 bottle-aged Verdejo,29 and bottle-aged
Sauvignon blanc.30
Prediction of Sensory Scores from GC-MS Peaks. PLS
regression of the extracted peak areas across the sensory scores
was conducted using both PLS1 for single, and PLS2
algorithms for multiple, sensory attributes based upon the
sensory PARAFAC modeling. PLS2 models did not ﬁt the data
more clearly and regression coeﬃcients were more diﬃcult to
interpret than PLS1 models for single attributes and therefore
only PLS1 models are presented. Sensory data are inherently
noisy (variable) and thus a conservative minimum value for R2
of 0.70, and a ratio of the range of sensory attribute scores to
the RMSEP of 5 or greater, analogous to the range error ratio,37
was used as a measure of the predictive value for each model
(Table 3). Sensory attributes for which good models were
established were honey, toast, orange marmalade, and sweetness, and these sensory attributes were also those with the
largest range of panellist scores and which broadly help deﬁne
some of the most important sensory features of HVS styles.
The range of sensory scores for all attributes is relatively low
reﬂecting the subtle sensory proﬁle of HVS, and attributes with
the largest range of sensory ratings tend to be those associated
with bottle age. The low range of sensory scores in this
investigation highlights the requirement for a well trained panel
that can reliably and consistently rate speciﬁc sensory attributes
so objective models of the sensory data can be derived from
GC-MS proﬁles. Identiﬁcation of the peaks selected for PLS
regression models (Table 4) and examination of the regression
coeﬃcients (Figure 5) reveals the relative change in peak area
and thus concentration of each compound in the PLS model.
For most compounds the regression coeﬃcients are positive

Table 3. Sensory Scores Mean, Range and PLS Regression
Model Performance for Prediction of Sensory Attributes
Using the Extracted Peak Table from MCR-ALS GC-MS
Proﬁles
sensory scores
sensory
attribute
lemon−lime
ﬂoral
grapefruit
pineapple
confectionery
hay/straw
grassy
asparagus
lychee
orange
marmalade
honey
toast
kerosene
acidity
sweetness

PLS model performance

min

max

mean

R2

RMSEP

RERa

LVb

2.21
0.83
1.21
0.87
0.52
1.49
0.52
0.50
0.67
1.07

4.67
2.97
2.83
2.27
2.35
3.63
2.40
1.63
1.96
4.77

3.58
1.63
2.15
1.61
1.11
2.63
1.37
0.98
1.22
2.20

0.580
0.256
0.397
0.560
0.321
0.346
0.573
0.439
0.332
0.876

0.447
0.482
0.469
0.317
0.396
0.511
0.418
0.283
0.431
0.394

0.18
0.23
0.30
0.23
0.32
0.24
0.22
0.25
0.33
0.11

7
2
6
5
3
5
4
4
10
6

2.03
1.61
1.48
4.03
2.60

6.87
5.83
3.43
6.10
5.70

3.65
3.44
2.49
5.06
3.57

0.824
0.837
0.480
0.689
0.719

0.580
0.605
0.526
0.422
0.552

0.12
0.14
0.27
0.48
0.18

4
2
5
6
5

a
Range error ratio (response range: RMSEP). bNumber of latent
variables used in regression modeling.

indicating an increase in concentration of the compounds as the
sensory ratings increase and development during aging.
Although inspection of the regression coeﬃcients oﬀers
insight to the overall predictive power, it oﬀers no insight to the
explanatory value of speciﬁc variables within the model. The
iPLS selection technique continuously adds variables until
convergence within the model. Consequently, peaks are
selected but may contribute only small improvements to the
predictive acuity once the most inﬂuential peaks have been
selected. The SR indicates the relative importance of the
variables in the predictive models based upon the explained
variance and has better discrimination for metabolomic studies
than variable importance in projection scores.38 A higher SR
means that the speciﬁc variable explains a greater proportion of
the variation for the predicted attribute. Based upon the SR, the
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Table 4. Identity of Compounds with High Eﬃcacy for Predictive Models of Sensory Attributes for HVS
predicted sensory
attribute
honey
honey
honey & toast
toast
toast
toast
toast
orange marmalade
orange marmalade
orange marmalade
orange marmalade
orange marmalade
orange marmalade
orange marmalade
sweetness
sweetness
sweetness
sweetness
sweetness
sweetness
sweetness
sweetness
sweetness
a

peak
130
233
240
117
153
211
245
51
116
126
128
165
237
243
58
106
124
143
175
180
181
217
258

compound

Kovats
RI

CAS

ethyl-2-furoate
5-hydroxymethyl furfural
vanillin
2,3-butanediol (R,R)
diethyl-glutarate
4-vinyl guaiacol
3-oxo-α-ionol
3-penten-2-one
propanoic acid
NID (MW 105)d
3,7-dimethyl-1,5,7-octatrien3-ol
benzyl alcohol
ethyl succinate
pyroglutamic acid, ethyl ester
ethyl hexanoate
2-ethyl hexanol
isobutyric acid
NID (MW 248)
2-phenyl ethanol
ethyl-3-hydroxy-3-methylbutanoate†
2,6-dimethyl-7-ocene-2,6-diol
NID (C13 norisoprenoid, MW 210)
tyrosol

614-99-3
67-47-0
121-33-5
6982-25-8
818-38-2
7786-61-0
34318-21-3
625-33-2
79-09-4
29957-43-5
100-51-6
1070-34-4
7149-65-7
123-66-0
104-76-7
79-31-2
60-12-8
18267-36-2
29210-77-3
501-94-0

1605
2501
2504
1507
1800
2201
2603
1118
1507
1601
1603
1900
2404
2602
1210
1500
1511
1704
1902
2001
2001
2202
2750

Kovats RI
reporteda
1599
2410
2555
1523

43

2192
2623
1120
1523

45

43
51
53

54
53
53

1586 56
1883 58
2440 59
1239
1446
1584

51

1940

45

1949

55

3012

43

43
60

identiﬁedb

reported aromac

RI, MS
RI, MS, cmp
RI, MS, cmp
RI, MS, cmp
MS, cmp
RI, MS, cmp
RI, MS
RI, MS, cmp
RI, MS, cmp
MS
RI, MS
RI, MS, cmp
RI, MS
MS
RI, MS, cmp
RI, MS, cmp
RI, MS, cmp

sweet 41
cardboard; blackberry
vanilla
butter, cream

RI, MS, cmp
MS
RI, MS
MS
RI, MS

honey, spice, rose

52

clove, curry
spice
fruity 55
pungent, rancid, soy
citrus, ﬂoral 57
sweet, ﬂower

apple peel, fruit
rose, green
rancid butter, cheese

smoked, fruity

54

b

RI: published retention indices for similar stationary phase. MS: NIST mass spectral database match with minimum forward and reverse matching
of 800. cmp: matched compound with pure standards. cReported aromas from Flavornet (http://www.ﬂavornet.org) unless indicated. dNot
identiﬁed, tentative molecular weight indicated.

Figure 5. Regression coeﬃcients and selectivity ratios for peaks areas used for predictive models of sensory attributes. Peak identiﬁcation numbers
appear above each bar.

modeled with the fewest compounds, the most important being
vanillin and 5-hydroxymethyfurfural (5HMF) and of lesser
importance ethyl-2-furoate. One compound associated with
honey aroma could not be identiﬁed and the SR for this
compound was low reﬂecting an overall low level of inﬂuence
for this compound. As mentioned previously, the presence of
vanillin in HVS is likely a consequence of bottle aging. Furanic
based compounds are important aroma constituents with their
formation arising from Maillard reactions and nonenzymatic

most inﬂuential peaks have been identiﬁed for the predictive
models of sensory attributes with the largest range of sensory
scores.
The important compounds identiﬁed for predictive models
and their reported aromas are listed in Table 4. Most of these
compounds could be readily identiﬁed using matching data
from reported Kovats retention indices, NIST searches, and,
where available, analogous compounds run under the identical
instrumental conditions. The sensory acuity of honey was
11964
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of HVS, it is clear from the PLS models that each sensory
character is composed of distinguishing compounds. With the
exception of vanillin, which is important for both honey and
toast, no other compound is replicated within the predictive
models. The use of SR for ranking the relative merit of
compounds associated with the prediction of sensory features
from the GC-MS data provides objective insight into the
importance of speciﬁc marker compounds associated with wine
sensory features. Future applications of rapid and automated
GC-MS data analysis will enable consumer preference ratings to
be more rapidly linked to objective instrumental measures and
ascertain the impact of wine production techniques upon the
composition of wine.

carbohydrate degradation. At low pH, furfural and 5-HMF form
from pentose and hexose condensation and rearrangement
reactions, respectively, and subsequent reactions result in the
formation of a variety of aroma compounds.39 The long-term
storage of foods in heat or in acidic environments enhances
their production and it expected that this class of compounds
would arise in aged HVS. Furfural is also a nonoxidative
degradation product of ascorbic acid40 and may accumulate
during the bottle aging of wines. The contribution of ethyl
furoate is of less importance to the perception of honey aroma
based upon the SR. This compound has also been reported to
be associated with the perception of sweet aromas in sherry
wines along with increases in concentration of 5HMF during
aging. 41 Furoic acid can emanate from the oxidative
degradation of ascorbic acid42 and hence may form the ethyl
ester over time or with increased temperatures as reported
previously.30,32 The perception of toast is inﬂuenced chieﬂy by
ﬁve compounds which, in descending order of the SR, are
vanillin, diethyl glutarate, 4-vinyl guaiacol, 3-oxo-α-ionol, and
2,3-butandiol. With the exception of diethyl glutarate these
compounds have reported aromas of vanilla, clove/curry, spice,
and cream/butter, respectively. All of these compounds have
positive regression coeﬃcients indicating they contribute
positively to increased toast aroma perception in the wines as
their concentration increases. The predictive model for orange
marmalade consists of a range of compounds with diverse
chemical class including alcohols, aliphatic acids, carbonyls,
norisoprenoids, and ethyl esters. Compounds modeled with
positive regression coeﬃcients and large SR have reported
aromas of sweet, citrus, and ﬂoral (Table 4) with the most
important of these being benzyl alcohol. Of interest is the
inclusion of 3-penten-2-ol and ethyl succinate with negative
regression coeﬃcients indicating the contribution of these
compounds diminishes as orange marmalade aroma intensiﬁes
during bottle development. The SR for these compounds is
relatively small indicating a minor contribution to the overall
sensory rating for this attribute. One compound (peak 126) has
a moderate inﬂuence on the model, and could not be identiﬁed
based upon the stringent criteria used in this investigation, and
olfactory detection may be required to assist in the
authentication of this peak.
Of interest is the good model for sweetness which is typically
a mouthfeel attribute in wine and could reasonably be expected
to not model well with GC-MS data. The PLS model for
sweetness is the most complex of the models in this
investigation, consisting of 18 compounds with 2 of these not
identiﬁed. The diversity of the identiﬁed compounds,
regression coeﬃcients, and SR for the compounds in this
model indicates a complex array of aromas associated with
sweetness. This is in agreement with the reported association of
the perception of sweetness in HVS with both ﬂoral and honey
attributes.12 The predictive models thus obtained from the GCMS proﬁles using MCR-ALS in this study enable the
elucidation of the chemical attributes associated with all
important sensory dimensions for the reported styles of HVS.
Identiﬁcation of important marker compounds associated
with style and bottle age character provides clues to the
chemical development of HVS wine bouquet during aging. Full
descriptive sensory analysis of the wines conducted simultaneously with the GC-MS proﬁling has enabled good predictive
models of the sensory attributes that deﬁne HVS styles. While
the sensory attributes of honey, toast, and orange marmalade
appear to develop along a similar dimension during bottle aging
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